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Preface
The benefits of engaging in an active lifestyle are extensive and apply across virtually all populations. However, many individuals are relatively inactive. Some are not active due to personal choices or perceived lack of time or resources or both. However, many individuals who could certainly profit from participation in exercise training do not do so because of their own particular characteristics. These individuals may require modifications to the general exercise recommendations for the apparently healthy adult population. With regard to exercise recommendations and training, these individuals can be considered members of various special populations. Persons with these special conditions commonly require specific exercise facility design and particular training equipment. Special populations may also require specific exercise programming supervised by exercise professionals with specialized training. It is the purpose of this book, NSCA’s Essentials of Training Special Populations, to serve as a resource for exercise professionals working with special populations. 
Special populations include individuals with chronic disease or disability and individuals who differ from the overall population with regard to recommendations for exercise training. Exercise training recommendations should also be modified, taking into account age (e.g., youth, persons who are elderly) or specific conditions related to sex (e.g., female athlete triad and pregnancy). The participation of special populations in regular exercise training is relatively low; this is related to deficiency in the access that persons with special conditions have to appropriate training opportunities. Historically, opportunities for exercise training for persons with special conditions were concentrated within clinical settings due to the specialized staffing in the medical model and the lack of appropriate opportunities in general exercise settings. Special populations should be provided opportunities for exercise conditioning in the least restrictive and most accessible and integrated settings possible. Limitations in suitable training environments include architectural accessibility and issues with general exercise equipment. Those factors aside, effective access to exercise opportunities is commonly limited by a lack of exercise professionals prepared in the specific issues related to exercise with special populations. 

NSCA’s Essentials of Training Special Populations was developed by the National Strength and Conditioning Association (NSCA) and was prepared by 26 expert contributors to provide specific recommendations for professionals regarding the training of persons with conditions that warrant specific programming modifications. This text is an indication of the dedication of the NSCA to providing appropriate preparatory materials and training for professionals who work with all members of our society. 

NSCA’s Essentials of Training Special Populations is intended to serve as a primary resource for the Certified Special Population Specialist (CSPS) certification examination. It can serve as a resource manual for commercial, community, and corporate health and fitness centers with clients who have special conditions. This text was also organized so as to serve as a textbook for university courses dedicated to the physical training of special populations. 
This Essentials text provides evidence-based information on particular training protocols for particular special populations. While the training strategies recommended for special populations are based to a great degree on the established protocols for the general, apparently healthy population, specific training modifications are warranted for safe and effective training for each special condition. This text is organized to provide the reader with an understanding of the pathology and pathophysiology of the given condition. The known effects of various exercise programs in the particular special condition are discussed, with an emphasis on published controlled research investigations. Each chapter provides exercise recommendations particular to the special condition, with specific training modifications, precautions, and contraindications. Each chapter also discusses the medications commonly prescribed for each special condition, with emphasis on the potential effects of the medications on exercise responses and adaptations. A case study is provided as an example of the application of these recommendations within the given special condition. 
The following outlines the topics covered in each chapter.
Chapter 1 addresses the benefits of exercise in general and the costs of inactivity at the individual and societal levels. Particular challenges to exercise training in special populations are discussed, with an emphasis on the need for appropriately trained exercise professionals. 
Chapter 2 discusses the pivotal procedures of health appraisals and fitness assessments in regard to special populations. Medical clearance processes are specifically addressed. 
Chapter 3 covers common musculoskeletal conditions and disorders and the respective recommendations for exercise training. Postural and low back pain issues are discussed as well as issues related to regeneration of muscular, skeletal, and joint structures. 
Chapter 4 provides exercise recommendations for the most prevalent metabolic conditions and disorders. This chapter addresses some of the most common disease processes, including obesity, diabetes mellitus, and dyslipidemia. Other conditions discussed include hypothyroidism and hyperthyroidism, as well as chronic kidney disease. 
Chapter 5 details pulmonary conditions and disorders that alter exercise recommendations from those for the general, apparently healthy adult population. Discussions specifically address the characteristics of, and exercise recommendations for, persons with asthma, chronic obstructive pulmonary disease, chronic restrictive pulmonary disease, and cystic fibrosis. 
Chapter 6 deals with the characteristics of the most prevalent cardiovascular conditions and disorders. Condition-specific exercise recommendations are provided. 
Chapter 7 offers recommendations for exercise professionals working with persons who have immunologic or hematologic conditions or disorders. The chapter provides information on such conditions as rheumatoid arthritis, lupus, chronic fatigue syndrome, fibromyalgia, HIV/AIDS, sickle cell disease, and hemophilia. 
Chapter 8 discusses neuromuscular conditions and disorders, with specific recommendations for exercise training. Conditions covered include neuromuscular conditions that continue to progress over time, such as multiple sclerosis, Parkinson’s disease, and muscular dystrophy, as well as conditions that generally do not progress, such as cerebral palsy, head injury, stroke, spinal cord injury, and epilepsy. 
Chapter 9 provides information regarding cognitive disorders in relation to recommendations for exercise training. Developmental disorders covered in this chapter include autism spectrum disorder (ASD), Down syndrome, and intellectual disability (ID). The chapter also discusses the neurodegenerative diseases dementia and Alzheimer’s disease. 
Chapter 10 addresses characteristics of cancer and medical treatments. A review of exercise training studies in persons with cancer is provided, with professional recommendations for exercise training. 
Chapter 11 covers children and adolescents, discussing physical development and physical activity levels. Age-specific recommendations for exercise training are provided. 
Chapter 12 details the altered physiology with aging and discusses the effects of exercise in older adults. Specific exercise recommendations are provided for exercise professionals working with older adults. 
Chapter 13 provides discussions of the physiology of particular female considerations that may alter recommendations for exercise. Discussions cover the female athlete triad and pregnancy and postpartum, as well as menopause and postmenopause. 
This book is organized with a number of learning aids designed to assist the reader.
 
	Chapter objectives appear at the beginning of each chapter, providing the reader with an understanding of the expected reader outcomes. 
	Key points
summarize the important key concepts for the reader. 
	Key terms are identified throughout the text in bold font. Each key term is defined near the first use of the term.
	Each chapter has one or more lists of recommended readings. Related specifically to the topics of the given chapters, these resources should be useful to readers wishing to learn more about a topic in general or specifically in preparation for the CSPS exam. 




Instructor and Professional Resources 
To assist instructors and professionals using this text, these resources are available:
 
	
Instructor guide. The instructor guide contains chapter objectives, chapter outlines, and key terms with definitions. 
	
Presentation package and image bank. This comprehensive resource, delivered in Microsoft PowerPoint, offers instructors and professionals a presentation package containing over 580
slides to help augment lectures and facilitate class discussions. In addition to outlines and key points, the resource contains more than 190
figures, tables, and photos from the textbook, which can be used as an image bank by instructors who need to customize their presentations. Easy-to-follow instructions help guide instructors on how to reuse the images within their own PowerPoint templates. The presentation package plus image bank is free to course adopters and is available online. For use outside of a college or university course, this presentation package plus image bank may be purchased separately. For access and ordering, go to www.HumanKinetics.com/NSCAsEssentialsOfTrainingSpecialPopulations. 
	
Test package. The test package includes a bank of 130
multiple-choice questions, from which instructors can make their own tests and quizzes. Instructors can download Respondus or RTF files or files formatted for use in a learning management system. 

These instructor resources can be found at www.HumanKinetics.com/NSCAsEssentialsOfTrainingSpecialPopulations.



Chapter 1
Rationale and Considerations for Training Special Populations 
Patrick L. Jacobs, PhD, CSCS,*D, FNSCA
After completing this chapter, you will be able to
 
	discuss the benefits of an active lifestyle,
	explain the negative consequences of leading an inactive lifestyle,
	list reasons commonly cited for not leading an active lifestyle and discuss which of these could be addressed by an exercise professional, 
	discuss the characteristics of special populations with regard to exercise training and testing,
	explain the Americans with Disabilities Act with regard to exercise training,
	discuss the scope of practice of the exercise professional working with special populations, and
	describe how the concept of inclusive fitness differs from a traditional model of training special populations (rehabilitation settings). 

Participation in structured exercise training is known to provide significant physical and psychological benefits. Exercise conditioning is now considered a viable means to enhance functional capacity and independence across different populations. Unfortunately, many persons who could benefit the most from increased daily activity do not do so. Various populations, due to their inherent characteristics, require specific exercise equipment and facility access compared to the general population. Because of their particular characteristics, these persons may also require specific exercise programming and therefore specially prepared exercise professional supervision. These groups can be considered special populations with regard to their particular requirements for safe and effective exercise training. Special populations include groups that differ from the overall population with regard to age (e.g., youth and people who are elderly) or specific conditions related to sex (e.g., female triad and pregnancy). 
Special populations also include many persons with chronic disease or disability. Treatment of medical conditions has traditionally concentrated on disease curative efforts with emphasis on survival and life extension rather than on efforts to reduce the consequences of the disease processes (palliative). A shift to a more palliative emphasis and away from the purely curative approach is indicative of an increased emphasis on quality of life rather than the traditional concentration on quantity of life. 
Members of many special populations may wish to engage in exercise training for a variety of reasons, which may be similar to or different from those of the general, apparently healthy population. Increased physical activity may increase physical work capacity, thereby enhancing quality of life and independence. Conversely, with a sedentary lifestyle, the negative consequences of the disease or disability processes may become more profound over time. Unfortunately, the participation of persons with these chronic conditions is quite low due to a lack of exercise training opportunities for persons with special conditions. Increased exercise training opportunities for these individuals necessitates appropriate access to, and supervision within, the exercise training environment. 



Benefits of Exercise 
Active lifestyles, particularly those that include regular exercise, have been associated with numerous important health benefits as well as enhanced functional performance of daily activities. Consistent participation in a structured exercise plan and dietary control are components of most proven weight loss and weight maintenance programs. Increased activity can assist in the reduction of excessive body weight when applied with reduced caloric intake, can help prevent further weight gain, and has been shown to help support reduced body weight after the initial loss (16). 
Increased physical activity reduces the chances of developing certain diseases while decreases in physical activity will increase the risk of diseases such as cardiovascular disease, diabetes mellitus, obesity, and hypertension (39). Many disease processes are associated with a number of risk factors, some of which are considered to be modifiable and are under an individual’s control. For example, increased levels of physical activity may favorably influence high blood pressure (15) and detrimental blood lipid profiles (35), thereby reducing the chances of developing heart disease (39) or having a stroke (29). Metabolic syndrome, which is characterized by (a) overweight or obesity, (b) undesirable lipid profiles, (c) high blood pressure, and (d) high resting blood glucose levels, is well associated with the overall lack of physical activity (42). In contrast, physical activity, as part of a complete conditioning program, has been shown to be quite effective in reducing body weight (16) and blood pressure (15) with improvements in lipid levels (35) and resting sugar levels (3), thereby reducing the chances of developing metabolic syndrome (42) and diabetes (3). 
Improvement in the performance of important daily activities with increased physical activity is commonly related to significant improvements in muscular strength and endurance with increased cardiovascular fitness (1, 5). For example, well-designed exercise programs have been shown to significantly reduce the risk of falls in the aging and middle-aged populations (8, 32). Reduced health risks tend to result in fewer medical complications, and this, combined with improved physical capacity, contributes to increased chances of longevity with greater levels of physical activity (6, 39). 
Participation in regular physical activity is also known to provide enhancements in mental health while also increasing physical work capacity. Psychological improvements may include improvements in overall mood with reduced feelings of depression and anxiety (22). 
Key Point
Increases in physical activity are associated with benefits including enhanced weight loss and improved weight maintenance, increased ability to perform important daily tasks, and improved psychological mood, with reduced chances of developing certain disease processes such as cardiovascular disease, diabetes mellitus, obesity, and hypertension. 
It is important to note that active lifestyles, specifically participation in well-designed exercise programs, have been shown to provide significant benefits across populations regardless of chronological age, sex, training status, and current health condition. Whereas the benefits of exercise appear to be consistent across quite different groups (39), the actual exercise programming should be specifically selected or developed (or both) relative to the capabilities and goals of the individual. Thus, while exercise training will provide useful health and function advantages to the lives of most people, it is vital that the training programming be appropriate for the safe and effective participation of each individual. While the benefits of an active lifestyle are apparent and specific recommendations for exercise activity have been developed and made readily available, most Americans remain relatively inactive (13). 
Key Point
While the benefits of increased activity levels are evident across sexes, ages, and health status, the training programs should be appropriate for the particular participant in order to provide safe and effective outcomes. 



Inactivity and Costs to Individuals and Society 
The consequences of an inactive lifestyle are progressive, with significant consequences. Sedentary lifestyles are a leading cause of preventable death, with increasing risk of numerous disease processes including cardiovascular disease, diabetes, hypertension, obesity, osteoporosis, and lipid disorders (41). It appears that the adage “use it or lose it” accurately captures ongoing physical deterioration and declining function of many physiological systems during extended periods of physical inactivity (25). In general, the longer and more complete the period of inactivity, the greater the degree of systemic dysfunction (25). Approximately 50% of all U.S. adults have at least one chronic health condition, and about 25% have two or more of these disease processes (40). 
The chronic diseases associated with inactivity are becoming increasingly prevalent and produce staggering economic effects. Obesity is now diagnosed in more than one-third of all American adults and in approximately 17% of children and adolescents aged 2 to 19 (31). The medical costs associated with obesity were estimated in 2008 at $147 billion annually (12). Approximately 12% of all U.S. adults are now diagnosed with diabetes, and another 37% are diagnosed with prediabetes, based on fasting glucose or A1C (glycated hemoglobin) levels (11). The total medical costs associated with diabetes in 2012 were estimated at $245 billion, which included both direct medical costs ($176 billion) and costs related to decreased productivity ($69 billion) (21). The average medical cost for each person with diabetes was calculated at $1,429 per year greater than the costs for a person of normal weight (17). 
While the benefits of an active lifestyle and the health and functional risks of a sedentary way of life have been well established, the level of participation in an active lifestyle is relatively quite low. Only 15% to 20% of American adults, aged 18 years and above, regularly meet both the aerobic and strength training recommendations of the 2008 Physical Activity Guidelines for Americans (non-Hispanic whites, 21.3%; non-Hispanic blacks, 17.2%; Hispanics, 14.4%) (13). 



Why Are People Inactive? 
The benefits of an active lifestyle (16, 39) and the negative consequences of a sedentary lifestyle (41) have been well established. However, less than one-fifth of all American adults meet basic exercise recommendations (13). The lack of activity has been related to changes in modern societies that reduce the physical nature of daily activities. Additionally, sedentary persons commonly report similar reasons for their inactive lifestyles, including time issues and a lack of opportunities within local communities. 
Societal Issues
Several primary societal changes appear to have contributed substantially to the declining levels of physical activity exhibited over the past several decades. Significant technological advancements have dramatically reduced the amount of physical activity necessary in the performance of many daily tasks (37). Both work-related tasks and personal recreation pursuits (leisure interests) tend to involve less gross physical effort (37). There has been a shift from occupational duties relying on physical efforts of the individual toward work duties more commonly involving operating mechanized equipment. The percentage of nonfarm workers in manufacturing positions was over 30% of the total U.S. workforce in 1950 but had declined to approximately 10% by 2007 (26). Most of this shift was matched by increased workers in the service sectors. 
The automobile is now relied upon for virtually all transportation in the United States regardless of the distance involved (7). The shift in community development from smaller locally based units to extended suburban sprawl has dramatically reduced walking and cycling as realistic options for daily transportation (19). Unfortunately, the increased reliance on the automobile has been associated with the increasing incidence of obesity and other secondary medical complications (18). 
The maturing of the “baby boomer” generation is projected to dramatically increase the segment the U.S. population aged 65 years and older from 13% in 2010 to approximately 19.3% by the year 2030 (38). This would represent an increase in the 65+ population by about 50% in a 20-year period. Unfortunately, as persons generally become less active with advancing age, particularly after retirement, this population shift is also creating a dramatic increase in the number of inactive persons (23). 
The decline in physiological status that is generally associated with the aging processes is further compounded by reduced activity of the younger segments of our society. Decreased levels of physical activity in children and young adults limit peak development of bone and lean muscle mass during critical periods (27). The gradual decline in physiological status with aging may therefore be further compounded by lower peak levels of development. Reduced outdoor play activities and reductions in public school physical education programming often require participation in private extracurricular programming in order to achieve appropriate levels of physical activity (4). 
Individual Issues
Reasons commonly reported by individuals for not being more physically active include perceived lack of time or convenience, lack of motivation or interest in exercise, lack of confidence to participate safely, lack of personal management skills or support systems or both, and perceived lack of suitable resources (10). These reported barriers to an active lifestyle are frequently cited by many persons despite their actual capacity and potential to live a more active lifestyle (10). Some of the commonly listed barriers are misperceptions based on individuals’ incorrect beliefs concerning themselves and exercise. People who have been physically inactive for extended periods of time may feel that their level of physical deconditioning is too advanced to reverse. Others with limited exposure to physical exercise activities may not have the needed background in this area to understand the potential benefits of physical training despite their present status. 
Many of the commonly cited barriers to increased participation in regular physical activity can be effectively addressed by an exercise professional who possesses the requisite background and knowledge to safely assess, design, and supervise training sessions on an individual basis. The exercise professional motivates and educates clients to guide them toward their specific goals. 
Persons with physical disability or chronic disease have long been known to be less active than persons without disability or disease (20). These individuals may, in addition to the previously discussed perceived barriers to participation in physical activity programs, face actual substantial barriers to participation (33). For example, individuals may encounter limitations or restrictions in accessibility to exercise opportunities based on architectural accessibility issues or equipment selection (or both) in community training facilities. Accessibility to exercise opportunities certainly involves appropriate architectural and equipment issues but also appropriate training supervision. Barriers to participation in exercise activities may also be limited by a lack of community exercise professionals properly trained in the particular exercise issues related to the supervision of persons other than the healthy adult client. 



Specific Exercise Programming for Special Populations 
Professional organizations have established general activity and exercise recommendations to provide guidance in planning and performance of exercise activities for the general population without chronic disease or disability. These guidelines are based on scientific evidence supporting the health and functional benefits of an active lifestyle. For example, the U.S. Department of Health and Human Services (DHHS) recommends that all healthy adults complete at least 2.5 hours of aerobic exercise weekly or complete at least 1.25 hours of vigorous aerobic exercise per week (13). Strength training is also recommended for all healthy adults at least two times weekly. While these recommendations were set forth by the DHHS for the general healthy adult population, specific recommendations were also established for particular populations. The 2008 Physical Activity Guidelines for Americans sets forth specific recommendations for activity in several populations known to be less active, including children, older adults, women who are pregnant, and persons with chronic disease or disability. These recommendations indicate that these special populations include individuals who, based on their specific characteristics, require particular condition-specific exercise programming in order to receive effective and safe training. 
Key Point
Special populations
are groups of individuals who, when considered with regard to exercise, differ from the general, apparently healthy adult population with respect to recommendations for exercise programming. These populations may exhibit characteristics that require condition-specific recommendations for exercise as well as appropriate precautions and contraindications to exercise in order to receive effective and safe training. 
Professional recommendations for exercise training of the general adult population are based on known acute physiological responses to exercise activities as well as the established chronic adaptations to exercise stresses. Thus, the general recommendations for exercise in apparently healthy populations have been established for those individuals in whom the physiological systems generally respond in a standard manner. Changes in physiological functioning will presumably result in altered capacities for, and responses to, exercise in the acute setting, as well as potentially affecting the expected adaptations to exercise training over time. Thus, persons with some degree of physiological dysfunction may be considered as members of a special population who require specific programming in order to receive safe and effective exercise training. 
The altered physiological functioning exhibited by special populations may be the result of a number of factors including chronic diseases and disabilities, as well as certain age- and sex-related issues. This text provides an overview of some of the most common special populations, with discussions of the pathology and pathophysiology of each condition, in order to provide the reader with a basic understanding of the unique physiological functioning of persons with the given condition (with emphasis on how this differs from that in the general, apparently healthy population). Specific recommendations for exercise activities as well as precautions and contraindications are provided for each condition. 
Exercise training of special populations requires appropriate expertise and professional training of the exercise professionals involved, as well as provision of suitable training equipment and environments. The exercise professional needs to possess the background and education appropriate for the specialized training activities needed by the special population. Thus, this setting requires specialized knowledge and expertise related to the special population in addition to the professional proficiencies used with the general, apparently healthy population. 



Scope of Practice of Those Working With Special Populations 
Various professions are licensed by governmental agencies (national, state, or both) in order to carry out the legally permitted procedures and processes. In these cases, the professional scope of practice is set forth by law. The licensing process involves specific education, experience, and demonstrated competency. Other professions do not have a governmental license but have standards of practice published by professional associations. Additionally, professional associations may administer specialized certifications that should also involve specific education and demonstration of competency. 
The exercise professional is not licensed by a governmental agency, and there are no industry-wide standards. However, a number of allied professional organizations have published standards of care for the exercise professional. Likewise, numerous professional exercise associations offer various certifications that differ considerably. It is recommended that all exercise professionals fulfill a certification that involves assessment of both scientific concepts and practice competencies. Thus, the appropriate scope of practice for the exercise professional is determined by both the industry-published standards of care and the particular certification process. 
The scope of practice of the exercise professional involves designing and supervising safe and effective exercise programs in relation to the client’s physiological status and goals. Assessment and training procedures are carried out, as well as provision of education and motivation during the training process. Exercise professionals must be aware of the limitations of their scope of practice and refer clients to suitable licensed health care professionals when appropriate. 
The scope of practice of the exercise professional includes performing health appraisals in order to screen new clients for risk factors and symptoms of disease. The client should be referred to an appropriate health care professional when indicated by the health appraisal. Exercise professionals often encounter newly developed injuries or diseases with their existing clients. In such cases, the health appraisal (e.g., Par-Q) should be reapplied with adjustment of the training program or referral to a health care professional where appropriate. 
Key Point
The scope of practice of the exercise professional includes conducting health appraisals and physical assessments as well as designing and supervising exercise training. The exercise professional should not engage in any activities that are presented as physical therapy or counseling but rather should refer clients to an appropriate licensed clinician. 
For example, physical therapists commonly use therapeutic exercise as a means to address an injury or disease in terms of a patient’s function. The scope of practice of physical therapy includes other interventions such as joint and soft tissue mobilization, neuromuscular education, gait training, and modalities. So while many of the therapeutic interventions applied in physical therapy may appear similar to those used by the exercise professional, it is vital that exercise professionals refrain from describing their services as physical therapy. Physical therapists are licensed health care professionals who diagnose and treat medical conditions (injuries and diseases) that limit function or cause pain. It is imperative that exercise professionals not present their services as physical therapy or as treating a disease or injury. Rather, it is recommended that the exercise professional refer clients who exhibit pain that limits motion, swelling of a joint or muscle, or limited range of motion to a medical or allied health professional for appropriate treatment. 
The scope of practice of the exercise professional also does not include psychological services. Licensed health care professionals, such as mental health counselors and psychologists, have the appropriate background and training necessary for treatment of psychological issues. Just as it is inappropriate for exercise professionals to describe their services as “treating a disease” or as “injury rehabilitation,” it is not acceptable for the exercise professional to provide counseling services directly related to disordered eating, body image, or other psychologically based issues. 
Various populations have characteristics that require exercise programming differing from the recommendations offered for the general population (see table 1.1). It is vital that the exercise professional have the necessary knowledge base and training to fulfill these responsibilities with each client. Obviously, some clients require greater levels of professional expertise than others based on either their physiological status or their training goals. 








The professional credential of Certified Special Population Specialist (CSPS) was established by the National Strength and Conditioning Association (NSCA) in order to provide a certification process specific to the exercise professional who seeks documentation of specialized advanced expertise with special populations. The CSPS certification provides the opportunity for the more experienced exercise professional to demonstrate, both to the potential client and to other professionals and institutions in the field, his advanced background in the area of training special populations.
The NSCA defines the CSPS as follows (from www.nsca.com/Certification/CSPS/): 
Certified Special Population Specialists (CSPSs) are fitness professionals who, using an individualized approach, assess, motivate, educate, and train special population clients of all ages regarding their health and fitness needs, preventively, and in collaboration with healthcare professionals. Special populations include those with chronic and temporary health conditions. 
CSPSs design safe and effective exercise programs, provide the guidance to help clients achieve their personal health/fitness goals, and recognize and respond to emergency situations. Recognizing their own areas of expertise, CSPSs receive referrals from and refer clients to other health care providers as appropriate. 



Professional Opportunities for Those Training Special Populations 
The exercise professional with expertise in the training of special populations (via formal education and professional certifications) is properly positioned to meet the growing need for professionals with appropriate background in this area. Various special populations are expected to grow in size with the increasing rate of inactivity in the general population compounded with specific growth in certain special populations. Almost one-half of all U.S. adults (117 million) have at least one chronic medical condition (e.g., hypertension, coronary heart disease, stroke, diabetes, cancer, arthritis), with more than two chronic conditions reported in over one-quarter of adults (60 million) (40). The current number of Americans over the age of 65 is calculated at over 40 million and is expected to increase to approximately 72 million persons by the year 2030. Because chronic conditions increase in prevalence in older populations, these figures indicate that an overwhelming number of persons in our society and a growing segment of our society will be classified as a part of special populations (9). 
Health care costs associated with obesity and sedentary lifestyles are greater than $90 billion annually in the United States alone (28). These escalating costs place undue stress on both individual and employer health insurance systems. The medical system has made dramatic advances in the care of persons with disease, in particular in the area of emergency care. Survival and recovery have significantly improved in many conditions considered to have questionable outcomes only a few decades ago. This dramatically extended life expectancy, from 66 years in males and 71.7 years in females in 1950 to 72.1 years in males and 79.0 years in females in 1990 (24). By the year 2009, the predicted life span from birth had grown to 76.0 years for men and to 80.9 years for women (2). Thus, during the same period of time in which length of life increased by approximately 10 years, our society became increasingly inactive. This has resulted in progressive extension of the length of life (quantity of life) with significant reductions in the level of functional independence during the later years of life (quality of life) (24). 
The medical system may be an important referral source of new clients to the exercise professional with expertise with special populations. Chapter 2 of this text provides detailed discussions of the health appraisal process and the steps to determine the appropriateness of a medical clearance for a particular potential client. The medical clearance process establishes a means of communication between the exercise professional and a licensed health care professional. Medical clearance provides professional authorization for exercise testing and training in persons who exhibit particular risk factors. This process may also establish a line of communication between the exercise professional and the medical professionals with regard to future patients and their need to engage in purposeful exercise programming outside of the medical treatment environment. 
Discharge plans from medical care, particularly physical therapy, usually involve some recommendations for activities and exercise strategies for the patient. Patients may have a limited background in exercise and active lifestyles, and their only experience in these areas may be the therapeutic activities in the rehabilitative setting. Thus, it is unlikely that they will seek to begin a structured exercise program with professional support even if this has been recommended by the clinician. It is recommended that the exercise professional establish working relationships with medical professionals in the community. In this way, the patient can be directly referred by the medical professional to an associated exercise professional who can provide the appropriate guidance and supervision. 
Unfortunately, in many situations the rehabilitation plan must be carried out with time limitations related to the patient’s medical insurance coverage. The therapeutic plan of care often must concentrate on the most vital skills of daily living in order to enhance the level of functional independence in the limited time available. Thus, many patients are discharged from the rehabilitation setting in a condition that warrants continued physical training. Exercise professionals with advanced background in training of special populations can certainly provide the needed assessment and training of these discharged patients, with clearance and recommendations from the clinician. 



Expectations in the Training of Special Populations 
The benefits of engaging in an active lifestyle are extensive and apply across virtually all populations of persons regardless of age, sex, or social or racial group. As most persons will benefit from an appropriate exercise training program, it is the goal that opportunities for exercise training be available to all persons regardless of their particular characteristics. 
Governmental legislation has addressed the issues related to the opportunities of persons with special needs to successfully enter into a more active lifestyle. Such legislation generally attempts to address the limitations to participation in exercise activities due to barriers and restraints associated with the exercise environment. The most notable of the legislative efforts is the Americans with Disabilities Act (ADA). The ADA prohibits discrimination of many types against persons with disabilities in different settings including the workplace, transportation, public accommodations, and governmental activities. This Act also addresses issues apparent in public and private settings for physical activity and exercise training. Governmental institutions (e.g., county parks) and larger recreation businesses are required by law to comply with the requirements of the ADA, while smaller individual recreation businesses are encouraged to comply to the extent possible that does not create undue financial hardships. While people commonly view the ADA as legislation that pertains only to architectural issues, other concerns relating to programming and staffing are also addressed. 
Key Point
The Americans with Disabilities Act (ADA) specifically prohibits discrimination against persons with disabilities in the workplace, public accommodations, transportation, and governmental activities as well as public and private settings for physical activity and exercise training. 
The ADA asserts that as a matter of human rights, discrimination against persons with special needs is not acceptable. All persons are considered to possess certain rights and these rights can be expressed with respect to opportunities for an active, productive lifestyle. Specifically, the ADA addresses rights of individuals to pursue an active lifestyle, including the right to an integrated setting, the right to participate, the right to reasonable accommodations, the right to adaptive equipment, and the right to an assessment or evaluation (30). For example, the individual with a disability has the right to participate in any recreation or exercise activity offered to the general public. Participation should be offered in the least restrictive manner possible, and the opportunity to participate in an integrated setting should be made available. The individual should be able to participate with family, friends, and other community members regardless of the disability. 
Traditionally, persons with disability or special needs were limited to exercise activities offered in the medical rehabilitation setting. While that environment usually provides appropriate professional supervision by staff that are familiar with the medical issues, the rehabilitation setting may not be integrated. It would be preferable to provide a more inclusive training environment in which the exercise activities, not the disabilities, are the common theme. Inclusive fitness is a growing approach to exercise training in which persons with special training needs are able to train in mainstream environments rather than in specialized secluded settings. There has been a shift in program delivery from the medical rehabilitation setting to the community-based recreation facility. Similarly, there has been a shift from prevention of secondary disabilities in persons with disability to health promotion and more recently to increasing physical work capacity as a means to enhance function, independence, and self-concept (34). 
Key Point
Training of members of special populations should be carried out in the most inclusive, integrated, and accessible settings possible. As such, exercise training of special populations has shifted program delivery from specialized clinical settings to community-based recreation surroundings, while programming has moved from prevention of secondary disabilities to enhancement of physical work capacity as a means to improve function, independence, and self-concept. 



Appropriate Environments for Training Special Populations 
Appropriate opportunities for all to participate in exercise activities require appropriate professional supervision and programming, as well as suitable training environments, in order to provide equal access to exercise training in a safe and effective environment. It would appear prudent to provide exercise facilities and equipment in accordance with both the recommendations established for the general training environment and also specific guidelines for special populations set forth by governmental agencies. Generalized recommendations for exercise facility design and equipment selection have been published in NSCA’s Essentials of Personal Training (36). The reader is referred to that publication for a thorough discussion of the general requirements for exercise facilities and equipment. 
The ADA was enacted in 1990 and addressed many issues that can be defined as “public accommodations.” Similar to other businesses, exercise facilities have access considerations ranging from physical access through the front door and throughout the facility to bathroom access. However, smaller businesses with fewer than 15 employees are exempt from the requirement of the ADA.
In 2010, the U.S. Department of Justice published the ADA Standards for Accessible Design, which sets forth standards for minimal accommodations in all new or altered governmental, public, and commercial exercise facilities (14). Generally, these standards do not affect existing structures that are not undergoing new construction or alterations to existing facilities. However, certain topics included in the 2010 Standards but not specifically addressed in the original 1990 ADA standards, such as exercise standards, are absolute requirements without any “grandfather” options or release from requirements based on limited size of the business. Thus, all governmental, public, and commercial exercise facilities must comply with the 2010 Standards wherever possible. 
Equal access to exercise training in a safe and effective environment necessitates appropriate physical access into and throughout the facility. Special populations may present physical characteristics that require particular considerations in order to access the training environment as independently and safely as possible. Standards for acceptable entry into and passage throughout the facility are usually based on the proven needs of the wheelchair user (14). Access into and throughout the exercise training facility must not limit entry with doors that require grasping of standard doorknobs or substantial pulling forces. Standard accommodations in this area include doorway lever handles and automated door opening systems (motion or large push button switches). A less preferable but acceptable accommodation would be a staff member assigned to open doors in a timely manner. Wheelchair users generally require greater space for travel routes. According to the 2010 Standards, facilities must provide a continuous path that is at least 36 inches (91 cm) wide, with recommendations for pathways to be at least 48 inches (122 cm) wide. Areas for wheelchair turnaround must be at least 60 inches (152 cm) in diameter. 
Equal access to an exercise training facility must include appropriate access to the exercise machines for all, regardless of individuals’ particular needs. Generalized recommendations for space requirements in exercise training areas usually call for 3-foot (0.9 m) distance between all exercise stations (36). Wheelchair users require more space than others, establishing a particular need for accessible routes to the exercise stations as well as greater space between exercise stations so that the wheelchair can safely navigate alongside the stations. There should be ample clear floor space to allow the wheelchair or other mobility device to be parked next to the exercise station without blocking access for other clients. The 2010 ADA Standards for Accessible Design stipulates there must be an open floor space at least 3 by 4 feet (0.9 by 1.2 m) beside at least one of each type of exercise station (14).
There may be an overlap between stations in open floor space. The exception to the open access requirements for the parked wheelchair alongside the device are exercise stations that allow direct use while in a wheelchair. 
The 2010 Standards also specifies
that an option must be available for each type of training (e.g., strength, cardiovascular) for each special population. For example, if a facility has treadmills and stepper and elliptical exercise machines, then the facility must provide open access space next to at least one of each of those types of exercise devices. This also means that the exercise facility must provide a means of cardiovascular training accessible and usable by all potential clients, including those unable to participate in cardiovascular training with the legs. Therefore, the training facility should provide access to cardiovascular training with arms via such devices as arm cranking systems. 
The use of specialized adaptive equipment and reasonable accommodations greatly enhances the participation of persons with special needs. Reasonable accommodations should be provided in order to facilitate participation and may include rule modifications or additional staffing to increase participation, as long as the accommodation does not provide an unfair competitive advantage. Similarly, adaptive equipment may provide a means to participate in exercise activities that would otherwise not be possible. For example, an adaptive apparatus to assist hand grasp may allow some persons to participate in a number of recreation and exercise activities requiring a firm, steady grasp of an implement or device. 
In some cases, adaptations serve to make the use of generalized exercise equipment safer for someone with special needs. For example, a wheelchair user with limited leg and torso control will have sitting limitations in most exercise equipment due to lack of stability. The use of straps wrapped around the client and the torso provides increased stability in a manner similar to that with automobile seat belts and shoulder straps. Other basic adaptations include wrist straps and other assistance grasping devices to enable upper body training in clients without a strong grasp. 
It is expected that persons with special needs be provided appropriate accessible exercise equipment. The individual should be able to position herself in the exercise device and independently operate the device without assistance. This may necessitate the use of specialized assistive equipment (e.g., lifting straps) or assistance from a staff member when needed. 
It is important, for safety reasons and training efficacy, that the exercise equipment be appropriately sized for the client. In many cases, exercise equipment designed for use by adults is not appropriate for training children and persons of smaller dimensions. Similarly, general exercise equipment may not be suitable when training persons of larger than average dimensions. Larger-size individuals, such as those who are clinically obese, should be provided with comfortable seating in the exercise equipment (e.g., tractor-style seats), as they may not be able to comfortably position themselves in the seats of general equipment. 
It is vital when training special populations to provide exercise equipment that allows training at the exercise intensity appropriate for the client. For example, numerous people with chronic conditions exhibit reduced walking pace, which is a limitation in the performance of many important daily activities. Treadmill walking may be an appropriate training activity for many clients, but it is imperative that the treadmill allow quite reduced speeds of walking for safety. Some special population clients may display reduced exercise capacity or aerobic endurance (or both). In such cases, it may be appropriate to provide seating (other than the exercise equipment) in the training area for recovery periods between exercise intervals. 
The exercise training environment for special populations should provide a safe and effective setting for the performance of the client’s training program. In some cases, this may involve the addition or modification of existing equipment and facilities for the general population. Other situations may call for reduction or elimination of some aspects within the generalized exercise training setting. For example, when working with individuals who have cognitive issues (e.g., Down syndrome, autism), it may be appropriate to train these individuals with reduced noise and visual distractions. 



Conclusion 
The benefits of leading an active lifestyle, including regular exercise training, are apparent across populations irrespective of age, sex, and current health condition. Unfortunately, many groups of persons that could benefit the most from supervised exercise training are unlikely to participate due to perceived and actual barriers. Many barriers to exercise can be effectively addressed by exercise professionals with the appropriate background and training. 
Some groups of individuals can be considered special populations as they exhibit particular characteristics that require specific recommendations, precautions, and contraindications for exercise that may differ from those for the general, apparently healthy population. Exercise professionals working with special populations should possess the appropriate education and experience in order to provide safe and effective exercise training for these individuals. The Certified Special Population Specialist (CSPS) certification is awarded to exercise professionals who demonstrate the appropriate expertise necessary to safely and effectively train special population clients in exercise programming. 
Exercise training of special populations should be carried out in the most inclusive manner possible. That is, whenever possible, persons with special needs should be able to exercise in the same environment as family, friends, and others in the community. 
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Study Questions
 
	When treating chronic disease or disability, what would moving from curative efforts to palliative efforts represent? 	more emphasis on quality of life
	increased requirement for the number of medical professionals
	greater importance on disease survival
	more interest in increasing life span


	Which of these barriers to exercise training currently represents a unique accessibility issue for those with physical disabilities or chronic diseases? 	lack of personal management skills or social support
	inadequate time to exercise
	inadequate financial resources
	lack of properly trained exercise professionals


	Which of the following is a benefit of an exercise professional establishing a good relationship with medical professionals? 	provides an opportunity for the medical professional to suggest specific exercises
	allows the exercise professional to receive accurate advice in treating medical issues in clients
	makes direct referrals of clients to a qualified exercise professional more likely
	gives the exercise professional access to clients’ medical records


	All of the following describe the scope of practice of an exercise professional except 	assessing current health status
	assessing a client’s physical goals
	designing an exercise program to meet a client’s goals
	designing a stretching program to reduce joint pain and swelling






Chapter 2
Health Appraisal and Fitness Assessments 
John F. Graham, MS, CSCS,*D, RSCC*E, FNSCA
Malcolm T. Whitehead, PhD, CSCS
After completing this chapter, you will be able to
 
	describe the medical and health appraisal process;
	determine the need for medical clearance and medical supervision during exercise testing and training;
	administer specific tests that evaluate individual fitness parameters;
	evaluate the results of fitness tests;
	create SMART short-, medium-, and long-term goals; and
	understand the effective use of motivational and coaching techniques.

Before designing an exercise program for an individual who has a special need or condition, it is essential to review and evaluate the medical and health history. This analysis is an essential step before performing a safe and appropriate fitness assessment and developing an effective exercise program. This chapter identifies and outlines the medical and health history review process, explains the medical clearance process, clarifies the purposes and guidelines of safe and effective fitness assessments, provides detailed directions for common testing protocols and the interpretation of test results, and explains how an exercise professional can motivate a client to maximize success. 



Medical and Health History Appraisal 
It is the responsibility of the exercise professional to provide each client with an evidence-based approach to assess, inform, and formulate short-, medium, and long-term plans regarding exercise needs and goals. A review of each client’s medical and health history yields the information and data necessary to develop an effective and safe exercise program. It is also important to determine if the client needs to be referred to an appropriate health care professional for further evaluation and clearance before completing a fitness assessment and starting an exercise program. Therefore, this section focuses on assessing certain medical risks and determining health status as a precursor to performing a fitness assessment. 
Preparticipation Screening
The purpose of the preparticipation screening process is to identify and classify any concerns related to participation in an exercise program, such as known or unknown chronic diseases or conditions that might limit exercise. This information may be obtained through the completion and review of a form that asks questions about medical and health history. A common component that nearly all questionnaires address relates to chronic disease. In the United States, chronic disease (or a related condition) afflicts as many as 117 million people (43) and contributes to a large portion of mortality due to heart disease and cancer (11). As a result of the prevalence of chronic diseases, the screening process needs to be effective and efficient in order to determine limitations, reduce barriers to exercise, and reduce the risk to clients when initiating the exercise program (14, 29). 
Preparticipation screening tools are a means by which valuable information can be collected and evaluated before a fitness assessment and exercise program implementation. These tools include the Physical Activity Readiness Questionnaire for Everyone (PAR-Q+) and the medical history questionnaire. These screening tools provide important information needed for determination of the appropriateness for medical clearance. It is important to point out that that everyone who will be exposed to clients’ medical data needs to hold that information confidential in compliance with the Health Insurance Portability and Accountability Act (HIPAA). 
Key Point
The exercise professional should use preparticipation screening as a tool to identify risks and limitations of each client before engaging in exercise testing or programming. 
Physical Activity Readiness Questionnaire for Everyone
The Physical Activity Readiness Questionnaire for Everyone, commonly abbreviated as PAR-Q+, is a questionnaire (figure 2.1) developed in Canada that asks an individual to self-report signs and symptoms that may indicate the need for further medical-based screening before completing a fitness assessment or starting an exercise program (25, 42). The benefits of using the PAR-Q+ include cost-effectiveness and ease of administration. Further screening may be required to determine the appropriateness of submaximal or maximal exercise testing and whether the program can include moderate- or high-intensity exercise. While a client exercise readiness questionnaire such as the PAR-Q+ is an excellent initial screening tool, it does not identify all of an individual’s medical and health concerns, so a further assessment may be needed. 




















From NSCA, 2018, NSCA’s essentials of training special populations, P. Jacobs (ed.), (Champaign, IL: Human Kinetics). Reprinted, by permission, from the PAR-Q+ Collaboration and the authors of the PAR-Q+ (Dr. Darren Warburton, Dr. Norman Gledhill, Dr. Veronica Jamnik, and Dr. Shannon Bredin). 
Medical History Questionnaire
The medical history questionnaire (figure 2.2) is a tool complementary to the PAR-Q+ that more thoroughly recognizes existing diagnosed pathologies, orthopedic conditions, recent surgical procedures, self-reported medical history, and current medications. Sometimes one questionnaire covers both medical- and health-related issues, and other times there are two separate questionnaires; the specific form or forms depend on the preference of the exercise professional, type of facility where he works, common conditions of the clients he works with, or a combination of these factors. The information gathered from the PAR-Q+ and medical history questionnaire provides the exercise professional with the details necessary to identify specific health needs and risk factors and to determine the appropriateness of a fitness assessment and exercise program. 
After all preparticipation screening forms are completed and all documentation has been thoroughly reviewed, it is necessary to evaluate the content of the information to identify any potential risks associated with the individual’s present health status. This evaluation enables the exercise professional to refer people with existing disease or symptoms of disease to a health care professional for medical clearance. 








From NSCA, 2018, NSCA’s essentials of training special populations, P. Jacobs (ed.), (Champaign, IL: Human Kinetics). Reprinted, by permission, from V.H. Heyward and A.L. Gibson, 2014, Advanced fitness assessment and exercise prescription, 7th ed. (Champaign, IL: Human Kinetics), 366, 367. 
Informed Consent Form
Before the administration of any exercise test or the initiation of a prescribed exercise program, it is the responsibility of the exercise professional to make certain that all procedures and exercises, benefits of participation, and risks and discomforts of each test, exercise, or program are explained to and understood by the client. Many professionals use an informed consent form (figure 2.3) to be sure that this task is adequately accomplished. The informed consent form contains details regarding the testing procedures and exercise programming and typically requires a signature from the client to indicate that she understands the procedures and exercises, acknowledges that participation in all activities is voluntary, and is aware that a test or exercise session can be stopped at any time without penalty. Any and all informed consent forms should be approved by administrators, legal counsel, or an institutional review board before use (22). 








From NSCA, 2018, NSCA’s essentials of training special populations, P. Jacobs (ed.), (Champaign, IL: Human Kinetics). Reprinted, by permission, from V.H. Heyward and A.L. Gibson, 2014, Advanced fitness assessment and exercise prescripti
on, 7th ed. (Champaign, IL: Human Kinetics), 381-382. 
Medical Clearance Form
The exercise professional is responsible for screening clients to identify individuals who may be of increased exercise-related risk of serious cardiovascular events, such as myocardial infarction or sudden cardiac death. Professional guidelines have been established for referral of these individuals to a health care professional for clearance before initiating a fitness assessment or starting an exercise program (36). The medical clearance recommendation in no way relieves the exercise professional of the obligation to properly screen the client; rather it offers an opportunity for the health care professional and exercise professional to collectively ensure that the assessment and exercise program are implemented with the client’s health and safety as a priority. 
The medical clearance form allows the health care professional to identify specific medical concerns and, when appropriate, clearance (approval) for the individual to participate in exercise testing and programming. Additional information provided in the medical clearance form may include additional medical concerns or restrictions to exercise programming and the need for a client to have a diagnostic test before exercise. 
After the client has been referred to a health care professional for medical clearance, the exercise professional must be sure that the medical clearance form is completed and returned to the exercise professional. There are many examples of this form; a comprehensive version is shown in figure 2.4. 








From NSCA, 2018, NSCA’s essentials of training special populations, P. Jacobs (ed.), (Champaign, IL: Human Kinetics). Reprinted, by permission, from NSCA, 2013, NSCA’s essentials of personal training, 2nd ed., J. Coburn and M. Malek (eds.), (Champaign, IL: Human Kinetics), 178. 
Preparticipation Screening Review
The preparticipation screening tools (i.e., the PAR-Q+ form and the medical history questionnaire) allow the client to self-report known medical and health concerns. These tools address the client’s medical history, current medications, surgical history, and orthopedic conditions, as well as diagnosed disease and signs of disease. The exercise professional should use the information derived from the screening tools to develop the client’s fitness assessment and exercise program. 
Recognizing the risk factors for disease is vital for the accountability of the exercise professional and the reduction of health and safety risks incurred by clients. Additionally, it is the exercise professional’s responsibility to identify signs and symptoms of cardiovascular, pulmonary, metabolic, immunologic, hematologic, orthopedic, neuromuscular, cognitive, psychological, and sensory disorders that require restrictions or modifications with exercise due to a potential exacerbation of an existing condition. Clients who have been diagnosed with or exhibit symptoms of disease may require modified assessment and programming guidelines, which are outlined for various conditions in subsequent chapters in this text. 
The preparticipation screening affords data critical in the consideration for medical referral. Exercise professionals should apply established guidelines to determine the appropriateness of medical clearance before initiating an exercise program (36). The preparticipation tools include a self-report of the presence of disease, signs of disease, and training status, all of which determine the recommendations for medical clearance. 
Medical Clearance Process
A fitness assessment should not be performed and an exercise program should not begin until the exercise professional has determined that the client does not exhibit or possess characteristics that potentially place the client at increased risk of a serious cardiovascular event. There are guidelines specifying the conditions that warrant referral of clients to a medical professional for clearance before the initiation of exercise testing or training (36). These recommendations are based on factors (e.g., current activity level, signs of potential disease, and known existence of disease) that increase the risk of a cardiovascular event during exercise and affect the parameters (e.g., intensity) of prescribed exercise. 
It is known that persons who are physically inactive present a significantly greater risk of serious cardiovascular events as compared with physically active individuals (16). Regular physical activity has also been shown to be inversely related to the risk of a serious cardiovascular event during or immediately following intense exercise (13). The relative risks of exercise-related cardiovascular events are known to be markedly greater from intense exercise than at rest; however, the absolute risk of a cardiac event during exercise is low (1). Finally, warning signs or symptoms of disease, particularly cardiovascular disease, are commonly exhibited before a serious cardiovascular event (41). Thus, the recommendations for medical referral are based on the known risks of exercise and include the client’s current exercise training status, the presence of disease, signs or symptoms of disease, and the intensity of recommended exercise testing and training. 
Recommendations for referral of clients for medical clearance is based to a great degree on the known presence of disease recognized to increase the risk of a serious exercise-related cardiovascular event. Diseases that should be considered in this regard include the following: 
 
	Cardiovascular disease 	Cardiac
	Peripheral vascular disease
	Cerebrovascular disease


	Metabolic disease 	Type I and Type II diabetes


	Renal disease

The exercise professional should use the results of the PAR-Q+ and the medical history questionnaire to reveal any signs or symptoms that are suggestive of disease known to increase the risk of a cardiovascular event during exercise. Signs and symptoms of cardiovascular, renal, or metabolic disease include the following (2, 14, 18): 
 
	Pain or discomfort in the arms, neck, chest, jaw, or other areas that could be indicative of angina or ischemia (impaired coronary artery blood flow) 
	Shortness of breath during mild exertion or while resting
	Dizziness or syncope (fainting) 
	
Orthopnea (shortness of breath while lying supine) or paroxysmal dyspnea (shortness of breath that occurs while sleeping) 
	Ankle edema (swelling or water retention) 
	Heart palpations or tachycardia (elevated resting heart rate)
	Intermittent claudication (cramps in the lower leg) 
	Heart murmur
	Unusual fatigue occurring with usual activities or shortness of breath with usual activities

Guidelines for the referral of clients for medical clearance are related to the prescribed intensity of the exercise program. Parameters for light-intensity exercise, moderate-intensity exercise, and vigorous-intensity exercise are the following (36): 
 
	Light-intensity exercise: 	30% to <40% O2 or heart rate reserve 
	2 to <3 METs
	9-11 RPE (on 6- to 20-point Borg scale)
	Intensity producing a slight increase in heart rate and respiration rate


	Moderate-intensity exercise: 	40% to <60% O2 or heart rate reserve 
	3 to <6 METs
	12-13 RPE (on 6- to 20-point Borg scale)
	Intensity producing a noticeable increase in heart rate and respiration rate


	Vigorous-intensity exercise: 	≥60% to 90% O2 or heart rate reserve 
	≥6 METs
	≥14 RPE (on 6- to 20-point Borg scale)
	Intensity producing a substantial increase in heart rate and respiration rate



Physically active clients who do not exhibit known disease or signs or symptoms of disease are not recommended to seek medical clearance and may continue with moderate- to vigorous-intensity training and may increase intensity as tolerated. Physically inactive clients without disease or signs of disease may start exercise training with light to moderate intensity without medical clearance, progressing intensity as tolerated. 
Clients who are physically active and have history of cardiovascular, metabolic, or renal disease but are asymptomatic are not required to receive medical clearance for moderate-intensity exercise if they have received clearance in the previous 12-month period. Physically inactive clients who have a known disease but are asymptomatic should be referred to a medical professional for clearance prior to any exercise testing or training. Following medical clearance, these clients should begin with light- to moderate-intensity exercise with intensity gradually increased as tolerated. 
Clients who develop new signs or symptoms of disease should be referred for medical clearance regardless of training status or the presence of disease. If the client is presently engaged in an exercise program, it must be discontinued and medical clearance should be obtained before recommencing any exercise program. Following medical clearance, inactive clients displaying symptoms of disease should initiate exercise at a light to moderate intensity level and progress as tolerated. 
Program Supervision Recommendations
Medical clearance provides the exercise professional with approval and recommendations regarding specific concerns or restrictions to exercise testing and programming. Based on the medical evaluation and diagnosis, the physician or other health care professional will generally recommend either a supervised or medically supervised assessment and exercise program. A supervised assessment and exercise program is recommended for clients who have a medically identified condition or limitation but are still allowed to participate in a fitness assessment or exercise program (14). The assessment and programming need to be overseen by a certified fitness professional who can assess, monitor, and modify the testing or exercise session when necessary. 
A medically supervised assessment and exercise program is recommended for high-risk clients who have medically identified participation restrictions related to assessment tests, exercise programming, or both (14). The assessments and programming are directed and monitored by a health care professional in a controlled clinical setting that offers immediate emergency care (14). 
Key Point
Medical clearance provides the exercise professional with approval from a health care professional for the participation in either a supervised program or a medically supervised program. Exercise professionals should oversee the testing and training in supervised programs, while medically supervised programs should be managed by a health care professional. 



Fitness Assessment 
After the medical and health history appraisal process, the exercise professional needs to assess the client’s current level of functional fitness capacities before developing an exercise program. The decision regarding the battery of tests to perform requires consideration of the client’s medical and health history and fitness-related goals, as well as the exercise professional’s experience in conducting assessments on clients who have the specific needs or conditions presented by the client. Test selection is also influenced by the availability and necessity of the appropriate environment, facilities, and equipment. 
After determining the tests, the exercise professional is responsible for administering the tests, recording and managing the data, and interpreting the results. These steps need to be completed before short-, medium-, and long-term goals can be established. 
Rationale for and Benefits of Testing
Assessment (often simply called testing) is a critical component in the development of a safe and effective exercise program especially for clients who have a medical- or health-related condition. In all cases, the selected tests should be specific to each client and based on his needs. 
The rationale for performing an assessment on a client includes the following (35):
 
	A baseline for future comparisons of improvement or rate of progress
	Identification of current levels of fitness that will contribute to the exercise program
	Establishment of appropriate exercise selection, frequency of exercise, intensity of exercise, and volume of exercise
	Development of short-, medium-, and long-term fitness goals
	Identification of a client’s needs and limitations before exercise program initiation, as directed by a health care professional, and information received from client interaction 
	A method of recording decisions regarding appropriate scope of practice in case the client experiences an injury or an exacerbation of a current medical or health condition after the program begins (21) 

Assessment Goals
The exercise professional can use the results of an assessment in combination with information gathered from the medical and health history questionnaire and medical clearance form to design a proper exercise program. Understanding the client’s current physical fitness, medical and health concerns, and well-being enables the exercise professional to create a program that is reasonable in frequency, intensity, time, and type of exercise to promote long-term participation. In conjunction, establishing program goals and objectives with the client as part of the assessment process is critical to adherence. 
Assessment Standardization
One of the responsibilities of the exercise professional working with a client is to enhance physical fitness without causing harm to the client (21). Assessment test batteries should be standardized as much as possible, but some variation in test selection may be necessary to accommodate individual needs. All fitness assessment tests should be of high validity, reliability, and accuracy. Test administration should be standardized as much as possible, and the professional performing the assessments should be qualified and trained to administer each test. 
Assessment Standards
The results obtained from fitness assessment tests can be compared to standards derived from norm-referenced data, from criterion-referenced standards, longitudinally to the results of the client, or from a combination of these approaches. Standards for fitness assessments based on norm-referenced data are used to compare the fitness level of like individuals (sex, age, and so on) on the same test. These results are usually reported as a percentile rank. In this type of system, results are often indicated as follows: 
 
	0% to 20% = well below average or poor
	21% to 40% = below average
	41% to 60% = average
	61% to 80% = above average
	81% to 100% = well above average or excellent

Criterion-referenced physical fitness tests have predetermined levels of acceptable minimal outcomes for performance. If the results of a criterion-referenced test exceed the minimal standard, then the client has successfully completed the test. A good example of a criterion-referenced fitness assessment is FitnessGram, which is a battery of tests that includes assessment of aerobic endurance, strength, flexibility, and body composition (44). The periodic and systematic collection of a client’s longitudinal data allows for the observation of improvement in each fitness category over time. What is most critical for clients to observe with repeated assessments is a positive improvement in assessment scores from the baseline level, which highlights improvement and continuous movement toward the client’s goals. 
Currently, there are no general physical fitness standards based on normative or criterion-referenced data for diseased or disabled populations; therefore it is essential that the exercise professional establish realistic short-, medium-, and long-term goals for clients whose baseline scores place them below average or well below average for healthy individuals. The ability to set reasonable goals for improvements and progress levels for all clients who may not reach an average score based on norm-referenced standards is critical to exercise adherence for the client. Setting reasonable goals that can be attained provides a client with positive feedback upon attaining goals. Goal setting can be a valuable tool for enhancing participation in exercise programming (20). See the discussion of SMART goal setting later in this chapter. 
Client Factors
In selecting a test, it is essential to evaluate factors that may positively and negatively influence a client’s performance and subsequently affect the validity, reliability, and accuracy of the assessment results. It is incumbent on the exercise professional to recognize any condition that may result in the alteration of the standard assessment test battery and make adjustments according to the client’s individual needs. For example, a client who has trouble walking should use an arm ergometer and not a treadmill as a testing mode during an assessment. Additionally, fatigue, whether a function of recent activities, insufficient nutrition or fluid intake, or the demands of the tests being administered, can affect assessment outcomes and as such should be accounted for when one is determining the timing and duration of test administration. 
A client’s maturity level and chronological age may also affect her test performance. For example, a treadmill test using the Bruce protocol may be considered an appropriate test for younger clients, but this protocol may need to be reduced in intensity for those with known disease or for older adult clients who have higher levels of risk. 
Sex-specific physiological factors can affect assessment scores or the protocol of some assessments. Women generally have larger quantities of body fat and less muscle mass than men, as well as a smaller shoulder, hip, and knee structure that supports less muscle mass; as a result they have less of a mechanical advantage than their male counterparts (15). For example, the 30-second arm curl test requires different fixed loads for men (8 pounds [3.6 kg]) than for women (5 pounds [2.3 kg]), demonstrating the sex-specific differences related to client factors that an exercise professional needs to consider when selecting appropriate tests (38). 
Key Point
The exercise professional needs to be aware that a client’s maturity level and chronological age can both affect exercise test performance and the evaluation of the results. 
Test Order
Assessment tests should generally be sequenced such that one test does not affect a subsequent test. For example, assessment of resting heart rate should precede assessments of cardiovascular endurance, as the cardiovascular endurance test will result in a heart rate that is elevated above resting levels. It is also important to always perform assessments in the same order so that comparisons can be made between assessments. The following list places assessment tests in an acceptable order (28): 
 
	Nonfatiguing tests such as height, weight, resting heart rate, resting blood pressure, flexibility, body composition, anthropometric measurements, and neuromuscular assessments 
	Tests of agility such as the T-test and hexagon test
	Maximum muscular strength tests such as a one-repetition maximum (1RM) bench press
	Local muscular endurance such as the partial curl-up test
	Cardiovascular endurance such as the Bruce protocol or the arm ergometer test




Fitness Assessment Protocols 
Evaluating a client’s fitness level requires preparation and organization to ensure valid, accurate, and reliable results and maintenance of client safety. 
Proper and significant assessment outcomes are greatly affected by the ability of the exercise professional to prepare clients by educating them as to the measurement and assessment description, preparation guidelines, purpose and explanation of procedures, risks, benefits, and assessment expectations. Preparation to evaluate a client’s fitness level requires preassessment measurements and selection of appropriate fitness assessments, which involves reviewing safety guidelines, calibrating equipment, and following documentation procedures. 
Preassessment Measurements
A client’s resting heart rate, resting blood pressure, weight, and height are commonly measured before more active fitness assessments when the person is resting and not subject to the rigors of an exercise test. These measurements help establish a baseline to measure progress and play a role in the design of the subsequent exercise program (e.g., resting heart rate needs to be known to calculate exercise heart rate using the Karvonen formula). 
Assessment Protocol: Resting Heart Rate 

Equipment

 
	Watch with a second hand
	Chair

Procedure

Have the client sit comfortably for 3 to 5 minutes. Palpate the radial pulse using the tips of the index and middle finger; do not use the thumb. Count the number of beats starting at 0 and count for 60 seconds. 

Note:
The exercise professional should not use the thumb to measure heart rate because the thumb has a pulse, which can cause inaccurate counting. 

Assessment Protocol: Resting Blood Pressure 

Blood pressure has two values: Systolic pressure is generated during left ventricular contraction, and diastolic pressure is generated when the left ventricle heart is relaxing and refilling during the cardiac cycle. 

Equipment

 
	Mercury or aneroid sphygmomanometer (a blood pressure measuring device) with cuffs sized for children and adults 
	Stethoscope
	Watch with a second hand
	Chair

Procedure

To obtain valid and reliable blood pressure measurements, the exercise professional should practice and become competent with this assessment before testing. Systolic and diastolic blood pressure can be measured according to the following protocol (see figure 2.5): 

 
	Position the client in an upright seated posture with the back supported and legs uncrossed.
	Select an appropriately sized cuff based on the circumference of the upper arm.
	Locate the brachial artery of the client.
	Securely place the cuff of the sphygmomanometer on the upper arm in a manner that covers the brachial artery and with the bottom of the cuff approximately 1 inch (2.5 cm) above the antecubital space. 
	The cuff of the sphygmomanometer should be placed such that the dial or display is readily viewable by the exercise professional.
	When taking measurements, the bell of the stethoscope should be firmly placed directly over the antecubital space, and the client’s arm should be level with the heart and in a horizontal position. 
	Inflate the cuff rapidly to 160 mmHg or 20 mmHg above known resting systolic blood pressure (40).
	Begin to release the pressure from the cuff slowly (2-3 mmHg per second).
	Systolic blood pressure is recorded as the first audible Korotkoff sound.
	Diastolic pressure is recorded as the disappearance of all Korotkoff sounds.
	Record systolic and diastolic blood pressure in even numbers and to the nearest 2 mmHg (40).
	Consult table 2.1 near the end of the chapter for the blood pressure classifications for adults. 




Figure 2.5  Body and equipment positions for measuring resting blood pressure. 



Note: The exercise professional should always select an appropriately sized blood pressure cuff for each client.

Assessment Protocol: Body Weight 

Equipment

 
	Scale or balance that can be calibrated for accuracy

Procedure

Have the client empty his pockets and remove shoes and any other heavy articles of clothing (belts, jackets, heavy sweaters, shoes, and so on). Have the client stand on the measuring device until a stable measurement can be made, and report the weight (pounds or kilograms) to the precision allowed by the measuring device. 

Assessment Protocol: Height 

Equipment

 
	Medical stadiometer or a wall with a tape measure affixed to it

Procedure

Have the client remove her shoes and stand erect with the feet together in front of the stadiometer or facing away from the wall with the back of the heels touching the wall. Measure height as the vertical distance (inches or centimeters) from the floor to the crown on the top of the head to the precision allowed by the measuring device. If using a tape measure affixed to a wall, place a ruler (or similar object) on top of the client’s head and, while keeping it level, extend it straight back to the tape measure. 

Assessment Protocol: Lung Function 

The forced expiratory volume (FEV1) test is used to determine the volume of air exhaled in the first second following a maximal inhalation (3). This test can be used to determine a limitation in pulmonary flow rate. 

Equipment

 
	Spirometer
	Nose clip

Procedure

The instructions for the specific spirometer being used for the test should be followed to obtain correct measurement of FEV1. The exercise professional should use the nose clip to make certain that no air will come out of the nostrils during the test. The client is asked to perform a forced expiratory maneuver, which requires a maximal inhalation followed by a maximal exhalation while breathing into the spirometer. 

Common Fitness Tests
There are eight types or categories of fitness assessments that are tied to the general components of overall fitness (30); commonly, at least one test from each of the following categories is performed: 
 
	Cardiovascular endurance assessments provide estimations of the client’s maximal oxygen consumption (O2max). Cardiovascular endurance tests employ a variety of testing modalities including the treadmill, stair stepper, recumbent stepper (6), cycle ergometer, and arm ergometer. 
	Muscular strength assessments determine the maximum force that a muscle or muscle group can exert in a single effort while maintaining proper technique. Muscular strength is typically assessed by the use of a one-repetition maximum (1RM) protocol. 
	Local muscular endurance assessments measure the ability of a muscle or muscle group to perform repeated submaximal contractions. Local muscle endurance assessments typically count the total number of repetitions per unit time, such as for the partial curl-up test. 
	Flexibility assessments measure the ability to move joints through a prescribed range of motion (ROM). Flexibility assessments include the sit-and-reach and back scratch tests. 
	Anthropometric assessments measure size, shape, and composition of the human body or body segments. Anthropometric assessments include body mass index (BMI), girth measurements, skinfold thicknesses, and bioelectrical impedance analysis (BIA). 
	Neuromuscular assessments measure the ability to do activities that require balance, coordination, skill, or a combination of these. 
	Functional performance assessments measure the ability to do specific physical activities of daily living. An example of a functional performance test is the 8-foot up-and-go test. 
	Assessments specific to clients who have a medical condition can be used in circumstances when other testing protocols may be inappropriate due to fitness or movement restrictions. These assessments include the 6-minute walk test, 2-minute step test, 30-second chair stand test, 30-second arm curl test, and the chair sit-and-reach test. 

Cardiovascular Endurance Assessments
The ability to perform cardiovascular endurance exercise is important for completing activities of daily living and is commonly directly assessed in a laboratory setting through the use of a graded exercise test or a comparable field test. However, some clients with chronic disease or disabilities may not be able to achieve a true O2max (30). Rather, they prematurely reach a point at which they cannot continue and are said to reach symptom-limited exhaustion, referred to as peak O
2. Many such people have a very low peak O2; usually less than 25 ml · kg−1 · min−1 and often less than 20 ml · kg−1 · min−1 (30). Daily living activities, often taken for granted by those who are healthy and without disability, require oxygen consumption in the range of 12 to 30 ml · kg−1 · min−1. Thus, some clients with chronic disease or disabilities may have a O2max or peak O2 below what is required for activities of daily living, employment, and maintenance of client independence, resulting in a reduced quality of life. 
In general, reduced-intensity graded exercise test protocols (e.g., a RAMP protocol) are preferred for these populations over standard protocols (e.g., Bruce protocol). Many standard protocols increase work rate in relatively large, often nonlinear gradients and are effective only in screening for ischemic heart disease. In the management of chronic disease or disabilities, however, it is valuable to discern the exercise response in the submaximal range to best establish a proper exercise intensity for the client’s exercise program. Ramp protocols can be superior in this regard because they indicate exercise responses at smaller increments, enabling the exercise professional to best determine the client’s submaximal exercise capacity. 
Another disadvantage of using a standard protocol is that the test cannot be individualized so that each client can complete the 8 to 10 minutes of exercise time recommended for an accurate assessment (26, 32, 33, 40). In other words, persons with chronic disease or disabilities may have low cardiovascular endurance exercise capacity and be unable to complete the test. Therefore, it is important for the exercise professional to know the client’s approximate ability, estimate his peak exercise capacity, and design a test to yield three or four changes in work rates during an 8- to 10-minute test period (10). 
Test Termination
The exercise professional must understand that a client can stop the exercise test at any time and for any reason. There are also test termination indicators that can be determined from observations of the client during a test; every exercise professional should be aware of these. An exercise test should be stopped immediately if any of the following occurs (22): 
 
	Client reports symptoms of angina.
	Systolic blood pressure drops >10 mmHg from baseline with increasing work rate.
	Extreme increase in blood pressure.
	Systolic blood pressure >250 mmHg.
	Diastolic blood pressure >115 mmHg.
	Client experiences shortness of breath, wheezing, leg cramps, or other symptoms of claudication due to inadequate blood flow to the leg muscles. 
	Client experiences ataxia (loss of voluntary coordination of muscle movements), dizziness, pallor (pale skin color), cyanosis (blue or purple skin color due to a lack of oxygen in the blood), cold or clammy skin, nausea, or any other sign indicative of poor blood perfusion. 
	Failure of heart rate to increase with increasing work rate.
	Change in heart rhythm.
	Client requests to stop the test.
	Physical or verbal indication of severe fatigue.
	Malfunction of the testing equipment.

Exercise Test Modalities
The treadmill and cycle ergometer are the most commonly used devices for clinical exercise testing. Treadmill testing provides a more familiar form of physiological stress (because the client is walking or running), with clients more likely to attain a slightly higher oxygen consumption and peak heart rate than during cycle ergometer testing due to increased muscle mass utilization (3, 19, 34). The treadmill should have readily accessible handrails for clients to steady themselves; however, consistently holding the handrails can reduce the accuracy of exercise capacity and the quality of the heart rate recording and so should be discouraged. However, it may be necessary for some clients to hold the handrails lightly for balance. An emergency stop button should also be readily available to the client and supervising exercise professional. 
Arm ergometry is an alternative method of exercise testing for clients who cannot perform leg exercise (e.g., due to a spinal cord injury) or for clients who primarily perform dynamic upper body work during occupational or leisure-time activities (4, 23). At the current time, no O2max–peak normative data exist for comparing values derived from arm ergometry to the general population. Of additional concern is the impact of the smaller muscle mass used during arm ergometry, resulting in reports of O2max–peak values that are approximately 20% to 30% lower than the values obtained during treadmill testing (4, 23). The real benefits of testing O2max–peak using arm ergometry are to evaluate a client’s progress and measure the effectiveness of a training program over time. 
Testing Protocols
Many resources provide testing protocols for measuring cardiovascular endurance.
General guidelines for all cardiovascular endurance tests include the following recommendations (22):
 
	Heart rate and blood pressure should be taken immediately before the exercise test with the client in the same posture as will be used during the exercise test. 
	Clients should be familiarized with the mode of exercise that will be used for the test.
	An adequate warm-up of approximately 2 to 3 minutes should be completed before an exercise test.
	Every protocol used should consist of approximately 3-minute exercise stages accompanied by appropriate increments in work rate. 
	Heart rate should be measured a minimum of two times during each stage (near the end of the second and third minutes of each stage). 
	Blood pressure should be measured during the last minute of each stage so the exercise professional is aware of an abnormal blood pressure response to increasing work rate. 
	Ratings of perceived exertion (RPE) should be taken near the end of the last minute of each stage using an appropriate scale.
	The exercise professional should monitor the client for signs or symptoms to terminate the test, such as these: 	Attainment of 70% HRR or 85% of age-predicted maximal heart rate
	If the client fails to conform to the exercise test protocol
	If the client requests to stop the test for any reason
	If the client experiences an emergency situation


	An adequate cooldown at an intensity less than or equal to the work rate of the first stage should be completed after the test (if the test has not been terminated for an emergency). A passive cooldown should be implemented if the client has experienced signs of discomfort or if an emergency situation has occurred. 
	Measurement of heart rate, blood pressure, and RPE should continue for a minimum of 5 minutes after the test. In the event of an abnormal response to the test, an extended postexercise test observation period may be warranted. 

After estimating or calculating O2max from the various tests, consult table 2.2 near the end of the chapter for the cardiovascular endurance classifications for adults. 
Key Point
The exercise professional should always remind the client that she can stop the exercise test at any time and for any reason.
Assessment Protocol: Treadmill Test 

Equipment

 
	Treadmill with an emergency stop button
	Stopwatch
	Rating of perceived exertion chart

Procedure
The Bruce treadmill test remains the most commonly used protocol; however, it employs relatively large intensity increments (i.e., 1-3 METs [metabolic equivalents] per stage) every 3 minutes. Consequently, changes in physiological responses may be less uniform and exercise capacity may be markedly overestimated when it is predicted from exercise time or work rate. Protocols with larger intensity increments are better suited for screening younger or physically active clients, whereas protocols with smaller increments, such as Balke-Ware (i.e., 1 MET per stage or less), are preferable for clients with chronic disease or disabilities. Advantages of smaller incremental increases include the following (2): 
 
	Avoidance of large and unequal increments in work rate
	Uniform increases in hemodynamic and physiological responses
	More accurate estimates of exercise capacity and ventilatory threshold
	Individualization of the test protocol (individualized incremental changes)
	Targeted test duration

Whichever exercise protocol is selected, it should be individualized so the treadmill speed and increments in grade are based on the client’s capability. For example, increases in grade of 1% to 3% per stage, with constant belt speeds of 1.5 to 2.5 miles per hour (2.4-4 km/h), can be used for treadmill tests for clients with a chronic disease or other limitation. 
Due to the fatiguing effect of cardiovascular endurance assessments, they should be administered after all other tests have been completed. During each stage of a treadmill test the exercise professional can obtain RPE and heart rate data that can be used to compare the level of fatigue to future tests on the same client. Protocols for the Bruce and Balke-Ware treadmill tests are presented next. 
Bruce Treadmill Protocol
The Bruce treadmill test begins with a very slow speed but at a relatively steep incline, and every 3 minutes, both the speed and the percent grade are increased until volitional fatigue is attained by the client (9). See table 2.3 near the end of the chapter for the time and intensity assignments for each stage of the test. 
Balke-Ware Treadmill Protocol
The Balke-Ware treadmill test begins at a speed of 3.4 miles per hour (5.5 km/h) and 0% grade. The speed of the treadmill does not change again during the test. At the beginning of the second minute, the grade is set to 2% and increases by 1% every minute until volitional fatigue is reached (5). 
Scoring
To estimate O2max for the Bruce and Balke-Ware treadmill tests, the exercise duration spent during the test should be used in one of the equations from table 2.4 near the end of the chapter. Exercise duration should be expressed as time in minutes and in decimal format; for example, 9 minutes and 15 seconds would equal 9.25 minutes. 
Assessment Protocol: YMCA Step Test (40) 

Equipment

 
	Box or bench 12 inches (30 cm) in height
	Metronome
	Stopwatch

Procedure

Set the metronome to 96 beats (24 steps) per minute and the stopwatch to 3 minutes. Instruct the client to keep pace with the metronome by stepping up on the box or bench with the right foot, then the left foot, and then stepping down with the right foot, then the left foot. The client should practice stepping in time to the metronome before doing the test. 

Clients can measure their heart rate in one of two ways: either by locating their radial pulse (marking it with a felt tip pen) and taking it manually, or by wearing a heart rate monitor. Time starts when the client begins stepping. 

Scoring

After time expires, have the client immediately sit down and take the pulse for 1 minute. The score for the test is the heart rate during this minute. Results from this test can be compared to the normative data found in table 2.5 near the end of the chapter. 

Clients should stop the test if they can no longer keep up with the metronome or if they become too fatigued to continue. If this occurs, record the ending pulse rate and the amount of time completed. On the next test, the goal will be to complete the full 3 minutes, or at least a greater percentage of it than the last time. 

Assessment Protocol: Recumbent Stepper (7) 

Equipment

 
	Recumbent stepper
	Stopwatch
	Rating of perceived exertion chart

Procedure

Individuals are required to maintain a constant step rate of 100 steps per minute for the entire test. The work rate for stage 1 is the same for all clients (30 watts), and subsequent work rates are assigned based on the heart rate response from stage 1. Heart rate should be taken during the final 10 seconds of minutes 2 and 3 of each stage to determine if steady-state heart rate (a change of no more than ±5 beats per minute) has been attained. If steady-state heart rate has not been attained, then the current work rate should be maintained for an additional minute and heart rate should be taken again. Use the following information to determine appropriate work rates for stages 2 through 4: 

Work Rates for the Recumbent Stepper Test

Stage 2

 
	Heart rate <80 beats/min: 125 watts (W)
	Heart rate 80-89 beats/min: 100 W
	Heart rate 90-100 beats/min: 75 W
	Heart rate >100 beats/min: 50 W

Stage 3

 
	Heart rate <80 beats/min: 150 W
	Heart rate 80-89 beats/min: 125 W
	Heart rate 90-100 beats/min: 100 W
	Heart rate >100 beats/min: 75 W

Stage 4

 
	Heart rate <80 beats/min: 175 W
	Heart rate 80-89 beats/min: 150 W
	Heart rate 90-100 beats/min: 125 W
	Heart rate >100 beats/min: 100 W

Adapted from Billinger et al. 2012.

Rating of perceived exertion should be measured during the final minute of each work rate and recorded. The test should continue until volitional fatigue or achievement of 85% age-predicted maximal heart rate. 

Scoring

The following equation was developed to estimate O2max from the work rate (wattsend


submax) and heart rate in the final stage (7): 

O2 peak (in ml · kg−1 · min−1) = 125.707 − (0.476)(age in years) + (7.686)(sex [0= female; 1= male]) − (0.451)(weight in kg) + (0.179)(wattsend


submax) − (0.415)(HRend


submax) 

Assessment Protocol: YMCA Cycle Ergometer Test (17) 

Equipment

 
	Cycle ergometer
	Stopwatch
	Rating of perceived exertion chart

Procedure

Clients are required to maintain a constant pedal rate of 50 rpm (using a 6 m per revolution flywheel) for the entire test. The work rate for stage 1 is the same for all clients—150 kgm/min (a 0.5-kg workload)—and subsequent work rates are assigned based on the heart rate response from stage 1. Heart rate should be taken during the final 30 seconds of minutes 2 and 3 of each stage to determine if steady-state heart rate (±5 beats per minute) has been attained. If steady-state heart rate has not been attained, then the current work rate should be maintained for an additional minute and heart rate should be taken again. Rating of perceived exertion should be measured during the final minute of each work rate and recorded. The test should continue until volitional fatigue or achievement of 85% age-predicted maximal heart rate. Use the information in table 2.6 near the end of the chapter to determine appropriate work rates for stages 2 through 4. 

Scoring

To estimate O2max from the YMCA cycle ergometer test, the exercise professional must extrapolate estimated maximal work rate from the heart rate and work rate data obtained from the submaximal test. Plot each heart rate obtained for every work rate from the test. Draw a diagonal line through the data points that extends to the age-predicted maximal heart rate (220 − age). Extend a line downward to the horizontal axis of the graph. The estimated maximal work rate is the value obtained where this line bisects the horizontal axis. 

Figure 2.6 shows an example based on a 38-year-old individual who had an exercise heart rate at the end of stage 1 (150 kgm/min), stage 2 (450 kgm/min), and stage 3 (600 kgm/min) of 91, 130, and 155 beats/min, respectively. 




Figure 2.6  Plotting heart rate and work rate to estimate maximal work rate. 



Reprinted, by permission, from V.H. Heyward and A.L. Gibson, 2014, Advanced fitness assessment and exercise prescription, 7th ed. (Champaign, IL: Human Kinetics), 105. 

Using the following formula, the exercise professional can use the estimated maximal work rate to calculate O2max: 

O2max = [(1.8 × estimated maximal work rate in kgm/min) / body mass in kg] + 7 

Assessment Protocol: Arm Ergometer Test (4) 

Equipment

 
	Upper body ergometer or a cycle ergometer with the pedals replaced by handgrips
	Stopwatch
	Rating of perceived exertion chart

Procedure

The protocol for the arm ergometry tests requires that clients be seated in an upright position, with the feet flat on the ground, and the center of the axis of rotation of the crank arms adjusted to approximately shoulder height. The elbows should remain slightly flexed during the range of motion for every revolution of the crank arms. A crank arm speed of 75 to 80 rpm must be maintained for the duration of the test. Beginning work rate is 10 watts, and this work rate should be increased an additional 10 watts every 2 minutes until volitional fatigue or until 75 rpm cannot be maintained. 

Scoring

First, one converts watts to kgm/min by multiplying watts by 6.12; then, using the following formula, use the maximal work rate attained during the test to calculate O2max: 

O2max (in ml · kg−1 · min−1) = [(3 × work rate in kgm/min) / body mass in kg] + 3.5 

Muscular Strength Assessments
Muscle strength testing can reveal several important aspects of strength, including maximal force, the smoothness of contraction and relaxation (lack of spasticity), balance of strength between extensor and flexor muscle groups, symmetry between left and right sides of the body, and resistance to fatigue (40). 
Muscular strength is defined as the force that a muscle or muscle group can exert in a single maximal effort—a 1RM—while maintaining proper form (28). Muscular strength is an important component of fitness, as a minimal level of muscular strength is necessary to conduct functions of daily living and participate in recreational activities (14). 
Assessment Protocol: 1RM Bench Press (28) 

Equipment

 
	Bench press bench
	Barbell
	Weight plates
	Barbell clips or locks
	Spotter

Procedure

The client should perform an exercise-specific warm-up of 5 to 10 repetitions using a light to moderate load first. Then the client should perform at least two additional heavier warm-up sets of two to five repetitions at approximately 60% to 80% of the estimated 1RM. The resistances should be progressively increased in a conservative manner, and the client should attempt to perform one repetition at each increment in resistance. Following each attempt, allow a recovery period of 2 to 4 minutes. Increase and decrease the load until the client can complete only one repetition with proper technique and no assistance from the spotter. The client’s 1RM should be attained within three to five total trials. 

Scoring

The 1RM must be divided by the client’s body weight in order to compare to normative values in table 2.7 near the end of the chapter. 

Assessment Protocol: 1RM Leg Press (22) 

Equipment

 
	Leg press machine

Procedure

Before testing begins, the exercise professional should adjust the seat, foot platform, or both (depending on the design of the machine) so that when the client is in the bottom (or most forward) position of the leg press, his thighs are parallel to the foot platform. The result of this adjustment is that the movement is performed through a standardized range of motion. To perform the test, follow the same procedure as for the 1RM bench press test, though the loads that are lifted are usually heavier than for the 1RM bench press test, so the load increases in each trial set will be greater (28). 

Scoring

The 1RM must be divided by the client’s body weight in order to compare to normative values in table 2.8 near the end of the chapter. 

Local Muscular Endurance Assessments
Local muscular endurance is the ability of muscles or groups of muscles to perform repeated submaximal contractions (28). Tests that evaluate local muscle endurance typically count the total number of repetitions per unit time. 
Assessment Protocol: Partial Curl-Up Test (22) 

Equipment

 
	Metronome
	Ruler
	Adhesive tape
	Exercise mat

Procedure

The client lies supine on an exercise mat, arms by the sides, elbows extended, palms flat on the mat, and knees flexed to 90°. Place a piece of tape at the tip of the fingers of each hand and a second piece of tape parallel to the first piece 10 cm (4 in.) away (see figure 2.7). Set the metronome to 50 beats per minute and have the client curl forward and upward, lifting the shoulder blades off of the exercise mat by flexing the trunk to 30° in time with the metronome (25 curl-ups per minute). Clients should avoid flexing the neck and perform as many curl-ups as possible in 1 minute without pausing until they can no longer reach the distant piece of tape at the end of the curl-up or until they complete a maximum of 25 repetitions. 




Figure 2.7  Starting and ending positions for the partial curl-up test. 





Scoring

The score is the total number of curl-ups completed; see table 2.9 near the end of the chapter for norms for this test. 

Flexibility Assessments
Flexibility is defined as the range of motion (in degrees) that can be performed by a joint of the body (28). Maintaining flexibility of all joints facilitates optimal movement and function; in contrast, when an activity moves the structures of a joint beyond a joint’s range of motion, tissue damage can occur. The degree of flexibility of a joint depends on the distensibility of the joint capsule, appropriate warm-up, muscle viscosity, and compliance of connective tissues such as ligaments and tendons. Flexibility is joint specific, and as a result, no single test of flexibility exists that can be used to evaluate total body flexibility. 
Assessment Protocol: Sit-and-Reach Test (22) 

The sit-and-reach test has been used commonly to assess low back and hip joint flexibility since low back pain affects a significant number of people in their lifetime (40). The relative importance of hamstring flexibility to activities of daily living and sport performance also suggests the inclusion of the sit-and-reach test for health-related fitness testing. 

Equipment

 
	Sit-and-reach box or adhesive tape
	A measuring tape or stick

Procedure

Whether using a sit-and-reach box or a measuring tape or stick, the client should first warm up with exercises that engage the hamstrings and lower back, such as walking or jogging for 3 to 5 minutes. This should be followed by several repetitions of alternating between flexing forward and reaching toward the toes with the knees extended in a standing or sitting position, then reaching upward toward the ceiling in a smooth continuous motion (without jerking). Make a note of the warm-up routine used by the client so it can be replicated for future testing to assist in reliability of the test results. 

When using a sit-and-reach box, the client should be in a seated position facing the box with the shoes off. The knees should be fully extended with the feet placed on the base of the box and the medial edges of the feet 6 inches (15 cm) apart. The client should keep the knees fully extended during the duration of the test, arms fully extended, and hands overlapped, with the palm of one touching the dorsal surface of the other. The client should then reach forward slowly, flexing at the hips, and push the fingertips over the scale on the box in a controlled manner. When full extension is obtained, the client should hold this position for approximately 2 seconds. To maximize the best stretch, ask the client to exhale when reaching forward. 

When using a measuring tape or stick, first tape it to the floor; then place one piece of tape 24 inches (61 cm) long across and at a right angle to the measuring stick at the 15-inch (38 cm) mark. After warming up, the client should sit without shoes in a position with the measuring stick between the legs and its zero end toward the body. The feet should be approximately 12 inches (30 cm) apart, toes pointed upward, and heels touching the edge of the taped line at the 15-inch (38 cm) mark. Clients should keep the knees fully extended during the duration of the test, arms fully extended, and hands overlapped with the palm of one touching the dorsal surface of the other. The client should then be instructed to reach forward in a controlled manner with both hands as far as possible on the measuring stick. When full extension is obtained, the client should hold this position for approximately 2 seconds with the fingertips remaining in contact with the measuring stick (see figure 2.8). To maximize the best stretch, ask the client to exhale when reaching forward. The exercise professional may hold the client’s knees down, if necessary, to keep them straight. 




Figure 2.8  Starting and ending positions for the sit-and-reach test using a measuring tape or stick. 





Scoring

The client is allowed three trials, with the highest taken as the score to the closest 0.25 inch (1 cm). See table 2.10 near the end of the chapter for norms for this test. 

Assessment Protocol: Back Scratch Test (38) 

Equipment

 
	Yardstick (meterstick)

Procedure

The client should stand and place her preferred hand over the same-side shoulder with the palm down and fingers fully extended. The client should then reach down the middle of the back as far as possible. The elbow should be pointed up toward the ceiling. The client should then place the opposite arm around her back with the dorsal surface of the hand touching the back. With this hand, the client should reach up the back as far as possible in an attempt to touch or overlap the extended middle fingers of both hands. Practice attempts are allowed in order to determine the preferred position. Clients should not grip the fingers of opposite hands together and pull. 

Scoring

Clients are allowed two practice trials in the preferred position before administration of two test trials. Record both scores to the nearest 0.5 inch or 1 cm, measuring the distance of overlap or distance between the tips of the middle fingers, with the higher of the two values recorded as the overall score. Clients are awarded one of the following scores: 

 
	Minus (−) score if the middle fingers do not touch
	Zero (0) score if the middle fingers just barely touch
	Plus (+) score if the middle fingers overlap

Anthropometric and Body Composition Assessments
Measurements of limbs and body segments—typically the largest circumference of those areas—are commonly performed by an exercise professional before a client begins an exercise program, especially if the goal is to lose body fat or gain muscle tissue. Those assessments do not determine the body composition of a client, however. Commonly, measurements of skinfold thicknesses at three to seven anatomical sites or a bioelectrical impedance analysis (BIA) test is performed to give better insight into the client’s fat weight and lean body mass. 
Assessment Protocol: Body Mass Index (BMI) 

Equipment

 
	Scale or balance that can be calibrated for accuracy
	Medical stadiometer or a wall with a tape measure affixed to it

Procedure

Measure the client’s height and weight (refer to the “Preassessment Measurements” section).

Scoring

Determine the client’s BMI by using one of the following formulas:

BMI (in kg/m2) = [body weight in pounds / (height in inches × height in inches)] × 703 

BMI (in kg/m2) = [body weight in kg / (height in meters) × (height in meters)] 

Based on the client’s BMI, he is then placed into one of the following classifications:

 
	Normal: between 18.5 and 24.9 kg/m2

	Overweight: between 25 and 29.9 kg/m2

	Obese: 30 kg/m2 or more 

Assessment Protocol: Waist-to-Hip Girth Ratio 

Equipment

 
	Gulick or other nonelastic measuring tape

Procedure

Measure the circumference of the waist (the narrowest portion of the abdomen) and the hip (maximum protrusion of the buttocks) in either inches or centimeters. Apply adequate tension to the measuring tape to promote an accurate measurement of circumference, but the tape should not be tight enough to indent the skin. Make certain the measuring tape is horizontal and parallel to the floor before taking measurement readings. 

Scoring

Determine the client’s waist-to-hip girth ratio by dividing the waist circumference by the hip circumference; see table 2.11 near the end of the chapter for norms for this test. 

Assessment Protocol: Skinfold Measurements 

A caliper is used to measure the thickness of a double fold of skin at various anatomical sites. The test relies on the observation that within any population a certain fraction of the total body fat lies just under the skin (subcutaneous fat), and that if one could obtain a representative sample of the fat, overall body fat (density and composition) could be predicted. The thicknesses of the skinfolds at various sites (depending on the formula used based on the client’s demographic) are used to estimate body density and calculate the client’s percentage of body fat. The body density equations for men and women typically use the sum of three or seven skinfolds. To be accurate and valid, the exact skinfold techniques that were used to derive the equations must be applied, and appropriate levels of training and experience of the exercise professional should be observed. 

Equipment

 
	Skinfold caliper that is valid and reliable and can be calibrated for accuracy
	Gulick or other nonelastic measuring tape
	Marking pen

Procedure

Skinfold measurements should be made on dry skin, before exercise, on the right side of the body. The skin should be firmly pinched with the thumb and index finger, and the caliper arms should be placed 1 to 2 cm (0.4 to 0.8 in.) away from the thumb and finger, perpendicular to the skinfolds, and halfway between the crest and base of the fold. Wait 1 to 2 seconds (maximum) before reading the caliper, and keep the skin pinched while reading the caliper. Take duplicate measurements at each site and retest if duplicate measurements are not within 10%. Rotate through measurement sites or allow time for skin to regain normal texture and thickness before taking the duplicate measurement and any additional retests. Average the two closest measurements to the nearest 0.5 cm. 

Based on the formula selected to estimate body density (see table 2.12 near the end of the chapter), choose the number and location of the sites for measuring the skinfolds using the following techniques (40): 

 
	Chest: A diagonal fold one-half of the distance between the anterior axillary line and the nipple for men
	Midaxillary: A vertical fold on the midaxillary line at the level of the xiphoid process of the sternum (an alternate method is a horizontal fold taken at the level of the xiphoid–sternal border in the midaxillary line) 
	Triceps: A vertical fold on the posterior midline of the upper arm, halfway between the acromion and olecranon processes, with the arm held relaxed to the side of the body in the anatomical position 
	Subscapular: A diagonal fold (at a 45° angle) extending from the vertebral border to a point 1 to 2 cm (0.4 to 0.8 in.) below the inferior angle of the scapula 
	Abdomen: A vertical fold 2 cm (0.8 in.) to the right side of the umbilicus
	Suprailiac: A diagonal fold in line with the natural angle of the iliac crest taken in the anterior auxiliary line immediately superior to the iliac crest 
	Thigh: A vertical fold on the anterior midline of the thigh, midway between the proximal border of the patella and the inguinal crest (hip) 
	Calf: A vertical fold at the maximum circumference of the calf on the midline of its medial border

Photographs of the common sites are shown in figure 2.9. 




Figure 2.9  Skinfold measurements: (a) chest skinfold, (b) midaxilla skinfold, (c) triceps skinfold, (d) subscapula skinfold, (e) abdomen skinfold, (f) suprailium skinfold, (g) thigh skinfold, and (h) medial calf skinfold. 

















Scoring

Use the appropriate formula from table 2.12 to estimate body density (Db) and then use the Siri equation (% body fat = 495 / Db − 450) where needed to calculate estimated percent body fat. Percent body fat standards for adults, children, and physically active adults are presented in table 2.13 near the end of the chapter. 

Assessment Protocol: Bioelectrical Impedance 

Bioelectrical impedance analysis is a simple, quick, noninvasive method that can be used to estimate percentage of body fat. This technique requires that a small electrical current be sent through the body. This current is undetectable to the person being tested and is based on the assumption that tissues high in water content (e.g., skeletal muscle) will conduct electrical currents with less resistance than those with little water (e.g., adipose tissue) (22). Because adipose tissue contains little water, fat will impede the flow of electrical current. 

There are several types of commercially available BIA devices. Some place electrodes on the hand and foot; some are handheld devices; and others, which look much like bathroom scales, have contact points at the bottom of the feet. Whatever the design of the machine, as the introduced current passes through the body, voltage decreases. This voltage drop (impedance) is used to calculate percentage of body fat. Typically, other information such as sex, height, and age is used in conjunction with impedance to predict percentage of body fat. 

Bioelectrical impedance analysis has gained wide use in the fitness industry because it is easy to use, relatively inexpensive, and noninvasive. The accuracy of this technique depends on the type of equipment and equations used; however, a standard error of approximately ±4% commonly is reported (22). In other words, the percentage of body fat value from BIA is typically within 4% of that obtained using hydrostatic weighting, considered the gold standard for body composition. One problem with the use of BIA is that the relationship between impedance and percentage of body fat varies among populations. This means that the best equation to predict percentage of body fat depends on the person being tested and the corresponding equation used. 

It is recommended that people with implanted defibrillators avoid BIA assessment until the safety of BIA with these clients has been determined (22). Also, any substance that alters the body’s hydration state such as alcohol or diuretics, including caffeine (for clients who do not ingest it on a regular basis), should be avoided for at least 48 hours before the test. (Note that diuretics taken under a physician’s direction should not be stopped, however.) Exercise should be avoided for 12 hours before the test, and clients should avoid eating and should drink only enough to maintain hydration during the final 4 hours before the test (22). A client’s menstrual cycle phase should be noted for future testing because of its ability to alter hydration level. 

Procedure

Remove any oil and lotion from the skin with alcohol before placing the electrodes on the skin, if necessary. Place the electrodes precisely as directed by the manufacturer of the impedance device used. Incorrect electrode placement greatly reduces the accuracy of the test. 

Scoring

Percent body fat standards for adults, children, and physically active adults are presented in table 2.13. 

Neuromuscular Assessments
Neuromuscular tests assess balance, coordination, and skill and are most useful for testing clients with a neuromuscular disability or deficits and those who are severely debilitated from chronic disease or are frail, therefore needing specific assessment and programming (30). 
Assessment Protocol: Balance Assessment (37) 

The Balance Error Scoring System (BESS) is used to evaluate a client’s static postural stability on hard and soft surfaces.

Equipment

 
	Hard floor surface
	Medium-density foam balance pad (45 cm2 × 13 cm [~18 in.2 × 5 in.] thick with a density of 60 kg/m3 and a load deflection of 80-90) 
	Stopwatch

Procedure

Static postural stability is evaluated while the client stands in three defined positions on a hard floor surface and a foam balance pad for a total of six evaluation positions. The foot positions for the BESS are as follows: 

 
	Double-leg support with the feet together and parallel to each other
	Single-leg support while standing only on the nondominant foot with the knee of the dominant leg flexed to approximately 90°.
	Tandem with the dominant foot in the front and the nondominant foot in the back, with the toes of the nondominant foot touching the heel of the dominant foot 

Scoring

While standing in each position, the client must close her eyes and place hands on hips while attempting to remain as steady as possible for 20 seconds. If the client loses her balance, the exercise professional should instruct her to attempt to regain the initial position as quickly as possible. Clients are assessed 1 point for each of the following errors: 

 
	Lifting hands off the hips
	Opening the eyes
	Stepping, stumbling, or falling
	Moving the hip into more than 30° of flexion or abduction
	Lifting the forefoot or heel
	Remaining out of the test position for more than 5 seconds

A trial is counted as incomplete if the client cannot maintain the position a minimum of 5 seconds, and for each incomplete position the client receives a maximum of 10 points. During each trial the exercise professional counts the total number of errors and awards 1 point for each error up to a maximum of 10 errors per trial. The total number of errors from all six trials is counted as the overall score. Normative data for the BESS test are provided in table 2.14 near the end of the chapter. 

Functional Performance Assessments
A wide array of tests and test batteries have been developed to assess various aspects of functional performance. These test batteries vary in their total number of tasks, but typically the tasks are timed or ranked using a simple scale. Many functional performance measures have components that relate directly to the mobility and strength of an individual. These can be important assessment tools since, as an example, independent-living individuals who barely surpass these functional thresholds of mobility and strength are at risk for future disability (30). 
Assessment Protocol: 8-Foot Up-and-Go Test (38) 

Equipment

 
	Stopwatch
	Folding chair with a 17-inch (43 cm) seat height
	Tape measure
	Cone

Procedure

The chair should be placed against a wall and be facing the cone. The cone should be placed 8 feet (2.4 m) away from the front edge of the chair. The client should be instructed to sit upright in the middle of the chair with his feet flat on the floor and with hands on knees. When the exercise professional says “go,” the client gets up from the chair and walks as quickly as possible around the cone and back to the chair and returns to a seated position. The exercise professional should start the stopwatch on the “go” signal regardless of whether or not the client has begun moving. The stopwatch should be stopped as soon as the client has returned to the seated position. The client is allowed practice trials before being scored. 

Scoring

The exercise professional should administer two test trials and record both times to the nearest tenth of a second. The faster of the two trials is recorded as the score. Standards for the test are presented in table 2.15 near the end of the chapter. 

Assessments Specific to Clients With a Limited Ability or Restrictions
Although most assessments can be performed by clients who have a wide range of fitness levels, some have limited physical ability to complete a test or have a medical condition that restricts them from even beginning a test. In either case, there are valid assessments an exercise professional can use that apply reduced stress on a client when other procedures are not appropriate or recommended. 
Assessment Protocol: 6-Minute Walk Test (38) 

Equipment

 
	Long measuring tape
	Two stopwatches
	Four cones
	Masking or painter’s tape
	Felt tip marker
	12 to 15 lap markers per person (ice pop sticks or index cards and pencils to keep track of laps walked)

Procedure

The area for the test is a rectangle 5 yards (4.6 m) by 20 yards (18 m). The long sides should be marked off in 5-yard (4.6 m) segments identified by strips of tape, and a cone should be placed at each corner. The cumulative distance of each segment should be written on the piece of tape. A skilled exercise professional can test up to 12 people at once, using partners to assist with scoring, but 6 at a time is more manageable. To keep the clients motivated, two or more persons should be tested at a time. 

On the “go” signal, the exercise professional starts the two stopwatches and the clients begin walking counterclockwise as fast as possible (not running) around the course, covering as much distance as possible in the 6-minute time limit. To keep track of the distance walked, the exercise professional gives a lap marker to each client every time a lap of the course is completed. Clients should be made aware of the time remaining in the test and be provided with verbal encouragement. At the end of the 6-minute test period, clients should stop, stand next to the closest 5-yard (4.6 m) segment tape marker on their right, and keep moving in place for a 1-minute cooldown. 

Scoring

Record the score of each client as total yards (or meters) walked in the 6-minute time period. Each lap marker represents 50 yards (46 m), with the distance of the final partial lap added to the product of the lap markers × 50 (or × 46 for total meters). For example, if a client has collected eight lap markers (representing eight laps) and stopped next to the 45-yard (41 m) marker, the score would be a total of 445 yards (407 m). Only one trial should be administered per day. Standards for the test are shown in table 2.16 near the end of the chapter. 

Assessment Protocol: 2-Minute Step Test (38) 

Equipment

 
	Stopwatch
	Measuring tape or a piece of string or cord approximately 30 inches (76 cm) long
	Masking or painter’s tape
	Tally counter

Procedure

Determine the minimum step height for each client by finding the midway point between the patella (kneecap) and the front of the hip (iliac crest). The midway point can be found using a tape measure or stretching a piece of string or cord from the middle of the patella to the iliac crest and then folding in half. This midway point on the thigh can be temporarily marked with a piece of tape. To monitor step height, have the client stand next to a wall, and transfer the marking tape from the thigh to the wall at the same height as it was on the thigh. On the “go” signal the client begins stepping in place and continues for the 2-minute time period. Use the tally counter to count the number of times that the right knee reaches the height of the tape on the wall. If the knee cannot be lifted to the height of the tape, the client can be asked to slow down (decrease step rate), or to stop to momentarily rest so the client can resume lifting the knee to the right height (but do not stop the stopwatch). 

Scoring

The score is the number of high enough steps completed with the right leg in 2 minutes. Only one trial should be administered per day. Standards for the test are shown in table 2.17 near the end of the chapter. 

Assessment Protocol: 30-Second Chair Stand Test (38) 

Equipment

 
	Stopwatch
	Chair with a seat height of approximately 17 inches (43 cm) and preferably with legs that angle forward to prevent tipping

Procedure

Place the chair securely against a wall to avoid movement during testing. Instruct the client to sit in the middle of the chair with the back straight, feet flat on the floor, and arms crossed at the wrists and held against the chest. On the signal “go,” the client rises to a fully standing position without using the hands, and then returns to a fully seated position. Encourage the client to complete as many full stands as possible in the 30 seconds. Before testing, demonstrate proper form, then at a faster pace, to show that the object is to do as many repetitions as one can within safety limits; then have the client practice one or two stands to learn and then reinforce proper form. 

Safety Tips

 
	Brace the chair against the wall or have someone hold it steady.
	Watch for balance problems.
	Stop the test immediately if the client complains of pain or dizziness.

If clients are unable to perform even one stand without using their hands, allow them to push off their legs or the chair, or use a cane or walker, if necessary. If an adaptation such as this is needed, be sure to describe it on the testing sheet. Although the recorded test score is zero for purposes of comparing to normative standards, indicate the adapted score so that performance changes can be evaluated from one test time to the next. 

Scoring

The score is the total number of stands completed in 30 seconds. If a client is more than halfway up at the end of 30 seconds, it counts as a full stand. Administer only one test trial per day. Standards for the test are shown in table 2.18 near the end of the chapter. 

Assessment Protocol: 30-Second Arm Curl Test (38) 

Equipment

 
	Stopwatch
	Straight-back or folding chair with no arms
	5-pound (2.3 kg) dumbbell for women
	8-pound (3.6 kg) dumbbell for men

Procedure

The client should be seated upright on the chair with her feet flat on the floor. The dominant side of the client’s body should be located close to the edge of the seat to allow unimpeded movement of the dumbbell. The dumbbell should be held at the side in the dominant hand using a neutral (handshake) grip with the elbow fully extended. On the signal “go,” the client curls the dumbbell up to a supinated (palms facing up) position and then lowers the dumbbell to the starting position. Encourage the client to complete as many arm curls as possible in the 30 seconds. Before testing, demonstrate proper form and have the client practice one or two repetitions without the dumbbell to learn and then reinforce proper form. 

Scoring

The score is counted as the total number of repetitions in 30 seconds. If the client’s elbow is more than halfway flexed at the end of the 30 seconds, it counts as the final repetition. Only one trial should be administered per day. Standards for the test are shown in table 2.19 near the end of the chapter. 

Assessment Protocol: Chair Sit-and-Reach Test (38) 

Equipment

 
	Chair with a seat height of approximately 17 inches (43 cm) and preferably with legs that angle forward to prevent tipping
	18-inch (46 cm) ruler or half of a yardstick or meterstick

Procedure

Place the chair securely against a wall in order to avoid movement during testing. The assessment begins with the client sitting on the edge of the chair so that the buttocks are even with the front edge of the chair. The knee of one leg should be flexed with that foot flat on the floor and the knee of the other leg fully extended. The heel of the extended leg should be placed on the floor with the foot flexed to approximately 90°. The client should exhale while slowly flexing forward at the waist toward the toes. While flexing forward, the arms should be outstretched with the hands overlapping. If the extended knee starts to flex, the client should be asked to move slowly back until the knee is fully extended again. The score is recorded as the maximum distance reached and held for 2 seconds. The client should stretch only to the point where slight discomfort from muscle tension is experienced and never to the point of pain. This test should not be administered to individuals with osteoporosis or lower back pain caused by forward flexion of the back. The client should attempt the test with both legs and determine which is preferred, and only the preferred leg is used for test scoring purposes. 

Scoring

The client is allowed two practice trials, and then two test trials are administered. The higher of the two trials is recorded as the score for the test. The exercise professional measures the distance from the tips of the middle fingers to the top of the shoe (to the nearest half-inch or 1 cm). The midpoint at the top of the shoe represents the zero point. If the reach is short of this point, record the distance as a negative (−) score. Standards for the test are shown in table 2.20 near the end of the chapter. 




SMART Goal Setting 
As an exercise professional starts to work with a participant (typically after the exercise professional is hired and under contract), the participant becomes a client. One of the most important steps to take after the fitness assessment is completed and the results are compared to norms or standards is to set goals based on the deficiencies that are revealed from testing. 
Exercise professionals use goals in an effort to clearly define the purpose of an exercise program or a specific exercise session. Goals can affect exercise program outcomes by providing direction and motivation for exercise and stimulating and enhancing a client’s adherence to the program (27). 
An exercise professional should assist a client in setting short-, medium-, and long-term goals. The goals of each client vary based on his desired training outcomes and individual limitations. The acronym SMART can be used to guide the goal-setting process; it is commonly defined in this way (8): 
 
	S: Specific
	M: Measurable
	A: Action oriented (or achievable)
	R: Realistic (or relevant)
	T: Time-bound (or timed)

Another way to characterize goal setting is to say that each goal set should demonstrate the seven practical principles of effective goal setting (20): 
 
	Make goals specific, measurable, and observable.
	Clearly identify time constraints.
	Set moderately difficult goals.
	Record goals and monitor progress.
	Diversify process, performance, and outcomes.
	Set short-range goals to achieve medium- and long-range goals.
	Make sure goals are internalized (clients should participate in setting them or should set their own goals).

Using a combination of these approaches and guidelines, the exercise professional should work with each client to define goals for an exercise program. 



Motivational and Coaching Techniques 
Motivation is the drive that directs a client’s behavior (39). The exercise professional plays a key role in influencing and encouraging a client’s motivation. Addressing the three basic needs of clients—competence, autonomy, and relatedness—will result in an effective outcome (39): 
 
	Competence is typically met when a person feels successful.
	Autonomy is met when the person feels that the decision to participate is made without outside pressure or influence.
	Relatedness is achieved when the person feels connected to and appreciated by others.

If the exercise professional can positively influence these three factors, the client is in the best position to succeed.



Conclusion 
The proper screening and assessment of clients with chronic disease or disabilities is a critical starting point before testing or implementing an exercise program because it enables the exercise professional to educate, train, and motivate clients. Before developing an exercise program for an individual with a chronic disease or disability, the exercise professional needs to gather relevant information and documentation that will be used to assess current levels of health, potential medical risks, and need for medical clearance. Tests and assessments can be used to evaluate current levels of functional fitness and areas in need of improvement, provide baseline measurements for developing an exercise program, and establish a baseline for comparisons to future assessments. To evaluate assessment quality, exercise professionals must understand validity, reliability, and accuracy. Test selection should be based on the client’s level of functional capacity, chronic disease or disability status, and fitness goals. Exercise professionals must always remain keenly aware of potential risks during the assessment process, including risk of falls, and be attentive to signs and symptoms of possible health problems that require medical referral. Consistent and effective test preparation is essential, and accordingly the assessment process should be well structured and implemented using the appropriate protocols. Following testing, it is important that the exercise professional present the results and explain how those results compare to established norms so that SMART short-, medium-, and long-term goals can be set and reached through the effective use of motivational and coaching techniques. 
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Study Questions
 
	An exercise professional is responsible for using which of the following forms for referring clients who may be of increased exercise-related risk of a serious cardiovascular event? 	PAR-Q+
	informed consent
	medical history
	medical clearance


	When performing assessments in a single session, what is the appropriate test order after nonfatiguing measurements have been performed? 	maximum muscle strength, agility, local muscle endurance, cardiovascular endurance
	cardiovascular endurance, local muscle endurance, agility, maximum muscle strength
	agility, maximum muscle strength, local muscle endurance, cardiovascular endurance
	local muscle endurance, maximum muscle strength, agility, cardiovascular endurance


	Which of the following statements reflects proper procedure for the back scratch test? 	No practice trial is allowed.
	Both hands are palms up on the back.
	Score the test by measuring the distance or overlap between the hands.
	Both hands should go over the top of the shoulder and attempt to touch in the middle of the back.


	For a client with extremely limited cardiovascular endurance, which of the following is the most appropriate test for cardiovascular endurance? 	YMCA step test
	6-minute walk test
	Bruce treadmill test
	YMCA cycle ergometer test














































































































Chapter 3
Musculoskeletal Conditions and Disorders 
Carwyn Sharp, PhD, CSCS,*D
After completing this chapter, you will be able to
 
	describe the pathophysiology of low back pain, posture conditions, osteoporosis and osteopenia, osteoarthritis, joint disorders, joint replacements, frailty, and sarcopenia; 
	understand the major medication groups and their effects on individuals and the exercise response for those with these musculoskeletal conditions and disorders; 
	explain the effects of different exercise modalities on individuals with low back pain, posture conditions, osteoporosis and osteopenia, osteoarthritis, joint disorders, joint replacements, frailty, and sarcopenia; and 
	recognize appropriate exercise programming, precautions, and contraindications for individuals with low back pain, posture conditions, osteoporosis and osteopenia, osteoarthritis, joint disorders, joint replacements, frailty, and sarcopenia. 

This chapter describes a number of significant musculoskeletal limitations to healthy movement, physical activity, and exercise participation, which in turn affect overall health, morbidity, and mortality. The underlying causes and risk factors of these conditions are outlined to provide the exercise professional with an understanding of the roles of exercise in the prevention, management, and treatment of symptoms. How the exercise professional can develop and implement effective and safe training programs for these individuals is then discussed. Included in this chapter are low back pain, posture conditions, osteoporosis and osteopenia, osteoarthritis, joint disorders, joint replacements, frailty, and sarcopenia. As with other diseases and disabilities described in this text, when developing a training program for individuals with one or more of these conditions, the exercise professional must not only understand the given disorder, but also be aware of and address other comorbidities that may be present and their accompanying treatment plans. 



Disorders of the Spine and Associated Musculature 
Disorders of the spine and associated musculature are relatively common in Western countries such as the United States. However, they are complex and varied in onset, cause(s), and symptomatology between individuals and the disorders themselves, often leading to the disorders being defined based on general features. The difficulties in determining the exact etiology and symptoms result in largely individualized approaches to treatment, with exercise prescription recommendations that reflect an integrated team strategy encompassing medical, health, and exercise professionals. The conditions discussed next, low back pain and posture disorders, are examples of the more common afflictions described in the literature; thus the exercise professional is more likely to see individuals suffering from these versus others over their career. 
Low Back Pain
Low back pain has a complex and often individualized etiology, making a specific and universally accepted clinical definition challenging. Thus low back pain (LBP) is generally defined as “pain and discomfort, localized below the costal margin and above the inferior gluteal folds, with or without leg pain” (157) (figure 3.1). Low back pain may be the result of a known trauma or pathology, or more commonly, may have an idiopathic (i.e., unknown cause or origin) etiology, which is referred to as nonspecific LBP. In conjunction, nonspecific LBP is characterized by the duration of persistent symptoms: acute (<6 weeks); subacute (6 to 12 weeks); or chronic (12+ weeks) (157). 



Figure 3.1  Low back pain is generally defined as a localized pain or ache below the costal margin and above the inferior gluteal folds. 

The prevalence of LBP in developed countries is pervasive, with an estimated lifetime prevalence of 58% to 70% (111, 144, 161); prevalence rates increase with advancing age (45, 66). The direct and indirect economic costs of LBP in the United States have been estimated as $12.2 to $90.6 billion and $7.4 to $28.17 billion per year, respectively (40). The wide variance in these estimates has been attributed to the methodological differences employed by the various researchers, which may be further confounded by a lack of an accepted definition (40). It is important to note, however, that the costs associated with LBP are substantial and include a combination of medical office visits, diagnostic tests, medications, surgery, travel costs to medical appointments, and lost wages and productivity. Thus the high prevalence of this condition and its costs to the individual and society are significant. 
Pathophysiology of Low Back Pain
Low back pain and nonspecific LBP in particular often have a complex, highly variable etiology, which has been associated with a number of factors including, but not limited to, age, sex, height, weight, low physical fitness, smoking, and poor general health (140). In conjunction, studies have shown that various occupational factors such as high physical demands, lifting and forceful movements, and whole-body vibration may contribute 28% to 50% of reported low back issues (140). Differences in pathophysiology or spinal abnormalities—affecting one or more spinous structures, various intervertebral joints or discs, musculature, or neural components leading to inflammation, swelling, and pain in one or more of these areas—can also contribute to the development of LBP and the high degree of variability in symptom severity and recurrence (141). 
Key Point
Low back pain is highly variable and complex in etiology and is most commonly of unknown cause or origin. Symptom severity and recurrence are also highly variable, making an individualized treatment plan essential. 
Common Medications Given to Individuals With Low Back Pain
Various over-the-counter (OTC) and prescription medications are prescribed for and used by individuals with LBP (see medications table 3.1 near the end of the chapter) (1, 157). Over-the-counter nonsteroidal anti-inflammatory drugs (NSAIDs) such as ibuprofen (e.g., Advil and Motrin) and naproxen (e.g., Aleve) may reduce inflammation, swelling, and mild pain. Over-the-counter nonopioid analgesics such as acetaminophen (e.g., Tylenol) are mild to moderate pain relievers that are also often used by those with LBP. If used as directed, both NSAIDs and nonopioid analgesics have minimal side effects and impact on the acute responses to physical activity (1, 140) but may impair the postexercise skeletal muscle protein synthetic response (153). Ingestion of NSAIDs can also result in gastrointestinal (GI) irritation or bleeding if they are taken for prolonged periods or at higher than recommended doses; acetaminophen may similarly cause GI discomfort such as stomach pain and in rare cases may lead to GI bleeding or negatively affect hepatic and renal functioning (159). It should also be noted that in 2015 the U.S. Food and Drug Administration (FDA) updated and strengthened its warning that the use of NSAIDs increases the risk of heart attack and stroke and that these risks increase with high doses and longer use (158). Topical capsicum plasters, another OTC medication, may also provide pain relief for individuals with LBP and appear to have no impact on exercise capacity (1). 
Individuals with LBP may also use antispasmodic muscle relaxants such as Valium in conjunction with or in isolation from other medications and may suffer from dizziness and drowsiness as a result. This class of medication is typically prescribed to be taken before sleep and should have little effect on exercise capacity the following day, but communication with clients to verify is essential. Those individuals prescribed antidepressants, the most common class of which is selective serotonin reuptake inhibitors (SSRIs) (e.g., Prozac, Zoloft, and Paxil), may experience numerous side effects such as nausea, dizziness, drowsiness, and headaches; however, these are less severe than with other classes and do not appear to affect the response to exercise (112). People who experience these side effects should talk with their physician about timing, such as in the evening before sleep, so as to facilitate engagement in a physical activity program during the day. 
Few research studies are available on whether oral opiates to treat the symptoms of nonspecific LBP have any negative effects on exercise capacity; however, some evidence suggests that opiates may affect hand–eye coordination (2), and this should be taken into account. Long-term use of SSRIs and opiates is not recommended, as the list of side effects increases as does their physiological impact. 
Exercise professionals should also be aware that normal aging affects pharmacodynamics and that older adults with LBP are at a greater risk than others for side effects from medications taken for this condition; this may be further complicated by other medications that are being taken concomitantly (30). 
Effects of Exercise in Individuals With Low Back Pain
Low back pain and nonspecific LBP often result in a reduction in levels of physical activity, which may or may not be a result of physical impairment or disability (88). As such, a key aspect in the treatment of this condition is education regarding the efficacy of physical activity in both the treatment and management of the condition, as well as improving general health and physical functioning. The research examining the roles of exercise for individuals with LBP has focused on either a biomedical impairment or a general conditioning model (140). The biomedical impairment model reflects the assumption that the condition is a function of insufficient trunk strength, mobility, or both, whereas the general conditioning model assumes that deconditioning is a significant underlying contributor. However, while trunk strength, trunk mobility, and aerobic conditioning are common modalities for chronic nonspecific LBP treatment, systematic reviews of the scientific literature have failed to show strong correlations or predictive capacity between these proposed causes and the condition itself (140). These findings may be a product of the high variability in the methodologies employed in the research of this area or the highly variable and individualized nature of symptoms. In any case, what is currently evident is that exercise is more efficacious than rest, so in the absence of specific guidelines, it is recommended that exercise professionals refer to the generally accepted guidelines adopted by the U.S. Department of Health and Human Services (DHHS) in 2008 for developing exercise workouts and programs for adults with LBP (156). However, the exercise prescription must be individualized in its implementation and progression to reflect the limitations, strengths, weaknesses, and goals of the client for successful development of health, fitness, and function. 
Exercise Recommendations for Clients With Low Back Pain
With this in mind, testing and assessment for trunk strength, muscular endurance, and mobility, as well as general aerobic capacity, may be considered before initiating a training program. In conjunction, a medical clearance should be required before testing to ensure there are no structural limitations to exercise. 
Program design guidelines for clients with LBP are summarized in table 3.1. The recommendations for a resistance training program to improve overall muscular strength and endurance, and in particular abdominal and lumbar extensor strength, are two to four sets (one set if the client is sedentary or low in conditioning) of 8 to 12 repetitions per exercise at an initial light to moderate intensity, one or two times per week (156). Flexibility training should aim to increase trunk, hip flexor, and extensor mobility via three repetitions of 10-second static hold for each exercise (141). Recommendations for aerobic exercise (e.g., brisk walking) are to engage large muscle groups at an initial light to moderate intensity for at least 10 minutes three or more times per day on three or more days per week, progressing to at least 300 minutes of moderate or 150 minutes of vigorous (or an equivalent combination of both intensities) per week. Exercise should cease immediately if there is an increase in lower back pain, with possible referral to a physician or other health care professional depending on the severity and duration of the increased pain. 




Low Back Pain

Case Study

Mr. Y, 41 years old, has had persistent dull pain on the left aspects of his lower back for 14 weeks. He is an office administrator who sits at his desk for almost 8 hours each day. The onset of pain occurred while he was play wrestling with his four children, when he felt a sharp pain in his lower back. He was able to stand but with considerable pain and stiffness. Mr. Y has taken acetaminophen intermittently for pain relief ever since and uses a heating pad for relief also. Flexion of the spine, such as in picking up his children, heightens the pain; and although the pain has subsided it is still present, sometimes radiating down his left leg. Before his injury Mr. Y had been inconsistently running and doing resistance exercise a total of one or two times per week over the past year. 

With this medical and fitness history, and following clearance from Mr. Y’s physician or other health care professional, his exercise professional altered the resistance training program to light to moderate intensity and added a second abdominal and lower back and gluteal activation exercise, for an initial four-week phase. The exercise professional also added trunk, hip flexor, and extensor mobility exercises before each resistance and aerobic session, which Mr. Y had not been doing previously. After this initial phase, the exercise professional will reassess symptoms, trunk strength, muscular endurance, and mobility, as well as general aerobic capacity, to determine the efficacy of these training program modifications. 
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Posture Conditions
The term posture generally refers to the position of a person’s head, neck, trunk, and limbs in space or when standing, seated, or lying down. “Good posture,” then, may be seen as alignment of the musculoskeletal system that allows maximum efficiency of body movement and functions and does not place pathological stress on the muscular, skeletal, or nervous systems (22). In order to assess whether someone’s posture allows for optimal health and functioning, testing should be undertaken under both static and dynamic conditions to reflect daily conditions that are static (e.g., sitting and standing) and those that are dynamic (e.g., walking) (22, 79). The roles of the spine in posture are significant, and various spinal conditions exist that lead to postural dysfunctions, pain, and discomfort, such as excessive scoliosis. The spine has a natural shape and curvature expressed as the forward convex (i.e., lordotic) cervical curve, the forward concave (i.e., kyphotic) thoracic curve, and the lordotic lumbar curve (figure 3.2). This curvature assists in maintaining a balanced and efficient upright posture during standing and locomotion (22). However, certain medical and nonmedical conditions exist that can lead to hyperlordosis (i.e., excessive lordosis of the cervical or more commonly the lumbar spine), hyperkyphosis (i.e., excessive kyphosis of the thoracic spine), and scoliosis (i.e., mediolateral curvature of the spine), all of which negatively affect optimal posture. 



Figure 3.2  The normal, hyperlordotic, hyperkyphotic, and scoliotic spine. 

The prevalence of these spinal conditions varies greatly depending on the population studied, environmental factors, methodology for spinal measurement, and age (19, 22, 47, 71, 131, 135, 171). However, the National Scoliosis Foundation estimates that 2% to 3% of the U.S. population, or approximately 7 million people, have scoliosis. The highest incidence of scoliosis is between 10 to 15 years, with females being eight times more likely than males to have a curvature that requires treatment (104). This prevalence, and the potential for long-term and chronic health issues if the opportunities for early intervention are missed, may result in adverse personal and societal health impacts. 
Pathophysiology of Posture Conditions
The spine undergoes a variety of changes throughout the life span that alter the susceptibility to adverse spinal curvature and subsequent postural dysfunction (22). In general, the causes of lumbar hyperlordosis, hyperkyphosis, and scoliosis are unknown (i.e., idiopathic); however, a number of risk factors have been identified. Physical and psychological stress, trauma, sporting activities, occupational behaviors such as prolonged sitting, slouching, and wearing high heels have been associated with increased risks (22). Lumbar hyperlordosis has also been associated with conditions such as cerebral palsy, muscular dystrophy, obesity, osteoarthritis, and in some cases pregnancy, as well as from shortened (i.e., “tight”) hip flexor muscles or weak abdominal, lower back, hamstring or gluteus maximus musculature (17, 22). Lumbar hyperlordosis can lead to LBP and increased risk of lumbar injury. Hyperkyphosis (also called “humpback,” “hunchback,” or “dowager’s hump”) may occur as the result of osteoarthritis, osteoporosis, or trauma to the thoracic spine. Severe hyperkyphosis can lead to impaired lung capacity and function, nerve impingement, and pain (39). While the majority of scoliosis cases are largely idiopathic (104), they may still be categorized as structural (e.g., a deformity in the vertebrae) or functional scoliosis (which is reversible and the result of either disparity in leg lengths, pain, or muscle spasm). Scoliosis can lead to compromised movement patterns, pain, reduced physical functioning, and impaired respiratory functions (166). 
Common Medications Given to Individuals With Posture Conditions
Treatment for spinal deformities depends on the severity, location, age of diagnosis, and concomitant conditions. Severe curvature and resulting symptoms may require bracing or corrective surgery such as disc replacement, kyphoplasty, or spinal fusion. Mild lumbar hyperlordosis, hyperkyphosis, and scoliosis, on the other hand, may be treated with exercise or medications such as NSAIDs (e.g., ibuprofen), or both, and nonnarcotic analgesics (e.g., acetaminophen) for pain, inflammation, and swelling (see medications table 3.1 near the end of the chapter). As mentioned previously, caution is advised with NSAIDs, as their use increases the risk of heart attack and stroke, and these risks increase with high doses and longer use (158). 
Effects of Exercise in Individuals With Posture Conditions
Exercise is commonly recommended as a means to treat or manage certain posture conditions and their symptoms (13, 57, 134). However, individuals who have more than mild severity of any of these conditions should be referred to a physician or other health care professional for treatment, including corrective exercise programming. The goals of an exercise program for clients with posture conditions are typically to improve flexibility and range of motion and build muscular strength to support and maintain optimum posture. This is true also for those experiencing one or more of these conditions during pregnancy or postpartum. In conjunction, reducing body fat in individuals for whom this is a contributing factor may also be a goal of an exercise program. 
Key Point
Individuals who have a posture condition of more than mild severity should be referred to a medical professional for treatment.
Exercise Recommendations for Clients With Posture Conditions
Meta-analysis of the existing literature has not yielded a consensus on specific exercise prescription to attenuate or reverse posture conditions. This appears largely due to variance in the methodologies, populations, and exercise prescription, as well as the preponderance of idiopathic diagnoses. As such, guidelines and goals are general and include increased strength of the weakened muscles and increased flexibility and range of motion of the tight and shortened muscles, which may have contributed to the condition. 
 
	For those with mild lumbar hyperlordosis, inclusion of exercises that increase flexibility of the hip flexors, hamstrings, and erector spinae, plus those that strengthen the abdominal, lower back, and gluteal muscles and hamstrings, are recommended. 
	Mild hyperkyphosis exercise programming should include stretching the cervical and thoracic vertebral flexors (e.g., isometric and dynamic neck retraction) and strengthening the thoracic vertebral extensors. It should also be noted that hyperkyphosis can make it difficult to complete overhead exercises such as a military press. 
	For clients with mild scoliosis, include stretching for the concave side and strengthening exercises for the convex side. If vertebral column rotation is also present, these clients should first be referred to a physician or other health care professional for further testing to ensure there is no risk of nerve impingement. 

Program design guidelines for clients with posture conditions are summarized in table 3.2. The recommended initial prescription for improving strength for beginner or deconditioned adults with mild posture conditions is one to three sets of 6 to 12 repetitions at approximately 60% to 80% of estimated 1RM, two or three times per week, with the goal of progressing (over 12 or more months of consistent training) to an advanced program of two to six sets of up to six repetitions at ≥85% of 1RM and 2 to 5 minutes rest between sets four or more times per week (105, 156). To increase flexibility and range of motion, it is recommended that clients initially complete static stretches three to seven times per week of all major muscle groups and hold each stretch for 15 to 30 seconds (105). An increased number of repetitions (typically two or three initially) should be incorporated for those areas specific to the posture condition of the client as identified earlier in this section. 




Posture Conditions

Case Study

Mrs. P is a 79-year-old retiree who has been diagnosed by her physician with mild thoracic hyperkyphosis. Assessment by the exercise professional has also highlighted that she has poor lower and upper body mobility and muscular weakness. The exercise professional has developed a training program that initially includes resistance training two days per week, and because Mrs. P is a novice with risk of falling, has prescribed a total body circuit weight training format on machines, including two exercises to strengthen the thoracic vertebral extensors (e.g., supermans and back extension if tolerated), with one to three sets of six repetitions. Before and after each training session (i.e., weight training and aerobic sessions) Mrs. P will complete upper and lower body static stretching and mobility exercises for 5 to 10 minutes with particular emphasis on dynamic neck retraction to stretch the cervical flexors, as well as stretches for the thoracic spine flexors. 
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Disorders of the Skeletal System 
The adult human skeleton consists of approximately 206 bones as well as associated cartilage, ligaments, and tendons; it functions to provide leverage, support, protection, blood cell production, endocrine functions, and energy metabolism and also acts as a reservoir for calcium and phosphorus. However, bone is not a static material. Rather, it is highly dynamic and responds to stimuli such as muscular contractions, which result in movement around joints and locomotion, and the lack of stimuli, resulting in loss of bone mass and strength. Disorders of the skeletal system such as osteoporosis and osteopenia, osteoarthritis, and joint disorders can have profound direct and indirect impacts on an individuals’ health, well-being, and fitness. Due to these concerns and the prevalence and incidence of these diseases and disorders, as well as the ability of exercise to positively affect them, exercise professionals should be knowledgeable of their pathophysiology, medical treatments, and optimal exercise interventions. 
Osteoporosis
The World Health Organization (WHO) defines osteoporosis as a bone mineral density (BMD) at the hip or spine greater than or equal to 2.5 standard deviations (SD) below the “young normal” adult score (clinically referred to as T-score ≤2.5 SD), as measured by dual-energy x-ray absorptiometry (DXA) (164). The National Institutes of Health further defines osteoporosis functionally as a reduction in bone strength resulting in an increased risk of fracture (75). Bone is a dynamic tissue with active and mature cells involved in bone deposition and resorption (figure 3.3), so bone mass at any point in time is a function of the net effects of bone formation and resorption mechanisms. Osteoporosis then is the result of cumulative net bone resorption. 



Figure 3.3  Bone is a dynamic tissue that consists of active deposition (osteoblasts), resorption (osteoclasts), and mature bone cells (osteocytes). 

In 2014, osteoporosis was estimated to affect 10.2 million adults 50 years and older in the United States (169), contributing to approximately 2 million bone fractures per year and other physical and psychological effects (169). A further 43.4 million are estimated to have low bone density (i.e., osteopenia), which increases the risk for osteoporosis. Significant sex differences in osteoporosis have been observed, with women eight times more likely to have type 1 and two times more likely to have type 2 osteoporosis (see next section for subtype clarification) (169). The estimated prevalence of osteoporosis in the United States also differs among racial and ethnic groups, affecting an estimated 7.7 million non-Hispanic white, 0.5 million non-Hispanic black, and 0.6 million Mexican American adults (169). The increase in mortality and morbidity associated with osteoporosis is highlighted by the approximately 24% of individuals over the age of 50 with hip fractures who die within one year after the fracture (146). In addition, the financial cost of osteoporosis and associated fractures in the United States in 2008 was estimated at $22 billion (18), making it a significant health concern. 
Pathophysiology of Osteoporosis
Osteoporosis may be classified as either primary or secondary. Primary osteoporosis, often called age-related osteoporosis, is the most common and represents the cumulative loss of bone associated with aging in both females and males (155). This is in part a consequence of declining activity of osteoblasts (i.e., bone-forming cells) after the age of 35 years, resulting in a small but natural loss of bone mass each year thereafter (146). Primary osteoporosis may be subclassified as type 1 or type 2. Type 
1
 osteoporosis, also referred to as postmenopausal osteoporosis, generally occurs from 50 to 65 years of age, resulting in accelerated bone resorption and decreased bone formation due to the loss of estrogen binding to its receptors on bone (155). This accelerated phase of bone loss appears to last from 4 to 10 years, resulting in an estimated loss of 5% to 10% and 20% to 30% of cortical and trabecular bone, respectively (35, 121). This is followed by a continued but slower phase of loss (i.e., type 2
[senile] osteoporosis, which is evident after 70 years of age), resulting in a further 20% to 25% loss of cortical and trabecular bone in both men and women before the end of life. Type 2 osteoporosis is thought to be caused by a combination of factors in both men and women, including decreased renal vitamin D production and subsequent calcium absorption, decreased nutrient intake including calcium and vitamin D, decreased physical activity, and decreased estrogen and testosterone activity (121, 155). In men, while testosterone positively affects bone formation, estrogen is a more potent stimulator; and as testosterone levels decrease with aging, so too does the amount of testosterone available to be converted by the aromatase enzyme to estrogen (121, 122). In conjunction, aging men experience an increase in sex hormone-binding globulin, produced by the liver, which binds both testosterone and estrogen, thus further reducing bioavailability and negatively affecting bone mass and strength (62). 

Secondary (type 3) osteoporosis is a consequence of another disease state (e.g., cystic fibrosis, anorexia nervosa, Crohn’s disease) or medication use (e.g., glucocorticoid-induced osteoporosis) (155). However, other risk factors for osteoporosis have been identified, including hypogonadism, inactive lifestyle, smoking, alcohol abuse, and excessive protein, sodium, and caffeine intake (73). 
Osteoporosis is a significant health concern because it not only increases the risk of bone fracture and health disorders such as progressive spinal deformity (e.g., thoracic kyphosis) in older adults, but also increases morbidity and mortality rates (155). However, much can be done to prevent and treat this disease especially if it is diagnosed and treated early. 
Common Medications Given to Individuals With Osteoporosis
Several medications have been shown to be effective at improving BMD in osteoporotic individuals via antiresorptive and bone-forming mechanisms (see medications table 3.2 near the end of the chapter). Hormone therapy (previously known as hormone replacement therapy, HRT) using estrogen, progesterone, or both was formerly the most prescribed antiresorption treatment for osteoporosis; however, evidence for a concomitant decreased risk of heart disease with HRT has recently been questioned, as several long-term clinical trials have shown an increased risk for breast cancer, blood clots, stroke, and heart attacks (91). Thus it is recommended that cardiovascular risk factors be examined when HRT is being considered as a treatment for osteoporosis. (Note that progesterone is added to estrogen to reduce the risk of endometrial cancer.) 
Selective estrogen receptor modulators (SERMs) are also classified as agents that reduce bone resorption. These include raloxifene, which is approved for use in postmenopausal women (146), and tamoxifen citrate, the first commercially available SERM, which is also used to treat metastatic breast cancer. Oral amino bisphosphonates such as alendronate are commonly prescribed to reduce the resorption of bone; however, a common side effect of this class of drugs is GI irritation (146). A number of synthetic analogues of the thyroid hormone calcitonin exist and may be used to decrease bone resorption by inhibiting the actions of the bone-resorbing osteoclasts and increasing osteoblast activity (32). From a nonpharmaceutical standpoint, the National Osteoporosis Foundation also recommends 1,200 mg per day of calcium for adults more than 50 years of age and not taking estrogen. 
Effects of Exercise in Individuals With Osteoporosis
The National Osteoporosis Foundation of the United States recommends the implementation of regular weight-bearing and muscle-strengthening exercise to both prevent and treat osteoporosis (38). While moderate- to high-intensity weight-bearing exercise with a cyclical movement pattern has been shown to be more beneficial (100), light-intensity physical activity is a viable option for those whose bones are too fragile or who have another condition that precludes high intensity (146). Increasing muscular strength improves bone mass and strength through the transfer of mechanical stress to the bone via tendons. In conjunction, improvements in muscular strength also assist in reducing the risk of falls (100). Regular aerobic exercise has also been shown to provide sufficient stimulus to improve markers of bone synthesis and breakdown (124). In conjunction, activities that improve balance and proprioception should also be included to reduce the risk of falls and fractures (100). 
Key Point
Resistance training can reduce the risk of fractures not only by increasing bone strength and density, but the resultant increases in muscle strength can reduce the risk of falls. 
Exercise Recommendations for Clients With Osteoporosis
As part of the preexercise screening process for those with osteoporosis, it is important to be aware of (1) any exercise limitations due to previous fractures (e.g., reduced locomotion capacity due to hip fracture), (2) muscle weaknesses or imbalances, (3) balance or proprioceptive issues, (4) the presence of other chronic diseases (e.g., cardiovascular disease, osteoarthritis), and (5) associated medications. The severity and location of osteoporosis are also important, as clients who are severely osteoporotic should avoid high-impact weight-bearing activity, despite the evidence of its efficacy, due to their increased risk of fracture. 
Exercise testing can be undertaken with those who have osteoporosis to establish baseline values and determine exercise tolerance to assist in prescription; however a physician or other health care professional’s clearance should be obtained before testing, and fall mitigation procedures should be implemented and maintained at all times. The validity of such tests may be compromised in clients with a fear of falling, so appropriate education about the mitigation procedures may improve test results. 
Program design guidelines for clients with osteoporosis are summarized in table 3.3. Clients with osteoporosis are likely to be deconditioned, and thus initial use of light-intensity training is recommended (146). 
 
	Aerobic exercise for those with mild to moderate osteoporosis (T-score <3) should include weight-bearing, large muscle mass activities such as running or walking at light to moderate intensity, 30 to 60 minutes per session, three to five days per week (i.e., ≥150 minutes per week) (146). 
	Aerobic exercise in clients with severe osteoporosis, which may be represented as multiple fractures in recent years or noticeable spinal changes (e.g., kyphosis), should follow the same guidelines for duration and frequency but use light-intensity and low-impact exercises such as walking or swimming in the exercise program. 
	Resistance training of two or three sets of 8 to 10 repetitions at 60% to 80% 1RM, two or three days per week, is also recommended (146). Using free weights with clients who are conditioned to do so safely will increase proprioceptive and balance demands. Again, for those with severe osteoporosis, a more conservative approach should be taken to reduce or avoid high-impact, twisting, and any activity resulting in bone or joint pain. 
	Also recommended is flexibility training to increase mobility and range of motion, particularly at the hip, knee, and pectoral girdle, consisting of three stretches per muscle group, holding each stretch for up to 30 seconds, at a frequency of five to seven days per week (146). Avoid excessive twisting, flexion, and extension of the spine for anyone diagnosed as severely osteoporotic or with a history of fractures. 
	Functional training that specifically aims to increase balance and proprioception is recommended two to five days per week.

In order to achieve the frequency of prescription, it may be necessary to complete more than one training modality in a single session, for example, flexibility exercises before and after resistance training. 




Osteoporosis

Case Study

Ms. L is a 61-year-old woman who has recently been having pain in her hips and back when she walks or stands for long periods of time. She thought this might be arthritis, which “runs in her family,” but she fell on the ice this past winter and the pain has worsened. X-rays showed a vertebral compression fracture, and follow-up DXA showed that she had a T-score of −2.6 SD. 

Ms. L’s initial treatment for the vertebral compression fracture involved two weeks of rest and NSAIDs for pain management followed by two months of wearing a brace. After her recovery phase, her physician provided clearance and encouragement for her to participate in a resistance exercise program; she received directions to avoid direct spinal loading from exercises such as squats and avoid exercises that encourage or require excessive spinal flexion or extension. To mitigate her osteoporosis, the exercise professional prescribed resistance training of three sets of 8 to 10 repetitions at 75% 1RM two days per week using free weights, as well as limited range of motion back extension and abdominal flexion on machines. Ms. L already walked seven days per week for 60 minutes; however, she did not stretch before or after. So, her exercise professional added static range of motion exercises for 5 to 10 minutes before and for 5 minutes afterward (avoiding excessive vertebral flexion, extension, and rotation) and intermittent periods of higher intensity during her walks. 
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Osteopenia

Osteopenia is defined by the WHO as a BMD of 1.0 to 2.5 SD below that of a “young normal” adult (i.e., T-score −1.0 to −2.5 SD) (164) and has been estimated to affect approximately 43.4 million individuals in the United States (169). These individuals are at a significantly increased risk of osteoporosis and associated negative health concerns. 
Pathophysiology of Osteopenia
The pathophysiology of osteopenia is generally the same as that already described for osteoporosis; however, the loss of bone mass and strength has not progressed to the same degree. It should be noted that osteopenia is not a condition exclusive to postmenopausal women but rather is present in younger women as a result of various factors, which may include hypothalamic amenorrhea, anorexia nervosa, limited calcium intake, or vitamin D insufficiency (61, 74). Individuals diagnosed with osteopenia should ensure that they have an appropriate intake of readily bioavailable calcium and vitamin D and rule out malabsorption from conditions such as celiac disease and Crohn’s disease or the effect of medications such as cholestyramine and neomycin, among others. In conjunction, assessment of current and previous physical activity and exercise training programs can provide insight into whether afflicted individuals have been exposed to sufficient bone-forming stimuli throughout their lifetime. Diagnosis of osteopenia before osteoporosis allows for the implementation of interventions that increase the likelihood of reversing or slowing the rate of this disease. 
Key Point
Osteopenia is not just a condition of postmenopausal women, but can be present in younger women as a result of a variety of factors including certain medical conditions, insufficient nutrient intake, or the side effect of a medication. 
Common Medications Given to Individuals With Osteopenia
All medications have risks for side effects, and because the absolute risk of fracture for someone with osteopenia is relatively low, medications are generally not recommended until lifestyle (i.e., diet and exercise) and underlying conditions have been investigated as potential contributors. Those who are deemed to have a high risk for fractures—that is, they have other risk factors including the presence of osteopenia—may be prescribed medications such as those for osteoporosis (see medications table 3.2 near the end of the chapter). 
Effects of Exercise in Individuals With Osteopenia
The positive effects of various resistance training and aerobic exercise protocols to treat and manage osteopenia have been demonstrated (20, 101, 102) and reflect those for osteoporosis. These protocols typically place high cyclical strain on bone, which appears to be most effective at increasing BMD and strength. 
Exercise Recommendations for Clients With Osteopenia
Due to the shared pathophysiology and progressive nature of osteopenia in relation to osteoporosis, the exercise recommendations for osteopenia are the same as those for osteoporosis (see exercise recommendations for osteoporosis earlier in the chapter), with the exception that in most cases of osteopenia, the absolute risk of fracture is lower than that of osteoporosis, so the high-impact or high-intensity exercise may be included. Note that consultation with the client’s physician to determine fracture risk should be undertaken as part of the assessment phase of developing an exercise program. 
Osteopenia

Case Study

Mrs. A is a 34-year-old executive who has a sedentary job but is an active triathlete. She is conscious of her diet and has been gluten and dairy free for 10 years. She has been having pain in her shins when she runs and has found that she has multiple stress fractures in both tibia. Further testing showed that she has celiac disease, resulting in calcium and vitamin D malabsorption. Subsequent DXA illustrated that she has a BMD T-score of −1.4 SD. 

To improve Mrs. A’s BMD and strength, her physician recommended that she start calcium and vitamin D supplementation. She was also asked to refrain from running but to maintain her swimming and cycling until her stress fractures healed (six to eight weeks) and then gradually reintroduce running. In addition it was recommended that she incorporate and maintain high-intensity resistance training to improve muscle strength and bone stress to further increase her bone density. 

Because Mrs. A had no experience in resistance training and knew she would struggle to slowly reintroduce running into her program, she hired an exercise professional to assist her. She began her resistance training with two sessions per week at 75% of her predicted 1RM, with three sets per exercise of 8 to 10 repetitions and 2 minutes rest between sets. Her exercise professional included core multijoint exercises such as the squat and deadlift to engage all major muscle groups and to maximize the bone deposition stimulus. Mrs. A also started a walking program of 30 minutes five days per week and progressed to three days of running at 70% of her peak heart rate and two days of walking. Her exercise professional prescribed flexibility training before and after all training sessions, with three repetitions of each stretch, and 30 seconds of holding each postexercise static stretch. Given that specialized nutrition guidance and prescription and clinical psychology were outside her exercise professional’s scope of practice, it was recommended that Mrs. A meet and work with a sport dietician in conjunction with her sport psychologist to optimize her short- and long-term success. 
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Disorders of Joint Structures 
Joints are a key component of the musculoskeletal system and not only play a central role in movement of the human body and body segments (e.g., appendages), but also must support the weight of the various limbs and the entire body (e.g., vertebral joints). Thus the health and viability of joints are integral to movement and subsequently to health. The structural components of the body’s joints undergo various normal and sometimes degenerative changes due to aging and are also susceptible to injury, infection, disease, and other conditions that can have negative impacts on the ability of joints to function optimally. This in turn can often lead to decreases in movement and physical activity and thereby a plethora of well-known associated negative health consequences. However, physical activity can also provide a positive stimulus for joint health and, as previously discussed, is important to overall health. 
This section examines a number of the more common conditions associated with joints (i.e., osteoarthritis, joint sprains and dislocations, and joint replacements) that the exercise professional is most likely to encounter in clients. Exercise professionals should be knowledgeable regarding the pathophysiology, medical treatments, and considerations and the roles of exercise interventions that can support individuals’ physical activity and health even with these joint structure disorders. 
Osteoarthritis

Osteoarthritis (OA) is a degenerative joint disease affecting the cartilage, joint lining, ligaments, and bone, leading to pain, swelling, and stiffness of the affected joint(s) (figure 3.4). Osteoarthritis most commonly affects the knees, hips, hands, and spine and is associated with decreased physical activity and increased morbidity and mortality (108, 130). Osteoarthritis is the most common form of arthritis and joint disorder in the United States (106, 172), affecting approximately 13.9% or 26 million adults over the age of 25 years (82). Females are at higher risk than males, especially after the age of 50 years (25), and there is an increased incidence with aging for both sexes that plateaus at approximately 80 years (25). As such, with an expanding older population, the prevalence of OA is expected to concomitantly increase. In terms of financial impact, the direct and indirect costs of OA were estimated in excess of $40 billion in 2009 (103). 



Figure 3.4  Osteoarthritis is a degenerative joint disease affecting the cartilage, joint lining, ligaments, and bone of the affected joint. 

Pathophysiology of Osteoarthritis
The American Academy of Orthopedic Surgeons defines OA as quantifiable joint deterioration (cartilage, bone, and joint space) by x-ray or DXA, symptoms of deterioration (i.e., pain, swelling, inflammation, and stiffness of the joint), or a combination of the two (5). The progressive degeneration of cartilage and underlying bone changes with OA can be substantial and may result in bone articulating directly with bone. The symptoms of OA typically begin at 40 years of age and increase in severity and range with aging (85). 
The specific cause(s) of OA are currently unknown, and while a genetic association has been proposed, other risk factors for the development of OA have been identified (72, 118, 147); these include sex, age, race, excess body mass, prior joint trauma, physically demanding occupation, structural misalignment, muscle weakness, and estrogen deficiency. Progression of the disease can be influenced by improper loading patterns that place repetitive stress on areas of the joint cartilage and associated structures that are suboptimally suited to accommodating such loads (159). With these risk factors in mind, OA is classified by its etiology and is generally regarded as idiopathic localized, idiopathic general, or secondary osteoarthritis (i.e., associated with known trauma, neuropathic, or other identifiable medical condition). 
Key Point
The progression of osteoarthritis can be influenced by improper loading patterns that place repetitive stress on areas of the joint cartilage; therefore, it is essential that proper exercise technique and movement patterns be taught and demonstrated before increasing training load or volume. 
Common Medications Given to Individuals With Osteoarthritis
Currently there is no cure for OA, and thus the goal of treatment options is to reduce pain, inflammation, and other symptoms as well as progression of the disease, thereby increasing function. This may be achieved, depending on the risk factors present with each individual, by a combination of education, weight reduction, gait modification, exercise, medication, or surgery (e.g., arthroscopy, osteotomy, joint fusion, and joint replacement) (see medications table 3.3 near the end of the chapter). The American College of Rheumatology (ACR) recommends a combination of pharmacological and nonpharmacological measures to improve the effectiveness of the treatments (65). 
A number of OTC and prescription medications are used by individuals in the management and treatment of symptoms of OA (see medications table 3.3 near the end of the chapter) (9). Over-the-counter NSAIDs such as ibuprofen (e.g., Advil and Motrin) and naproxen (e.g., Aleve) may reduce inflammation, swelling, and mild pain. Over-the-counter nonopioid analgesics such as acetaminophen (e.g., Tylenol) are mild to moderate pain relievers that are also often used by those with LBP. Over-the-counter dietary supplements such as glucosamine (hydrochloride and sulfate) and chondroitin sulfate individually and in combination have been extensively researched as nutraceuticals to assist in relieving pain and inflammation and stimulating net cartilage production (48). Current reviews of the literature are equivocal in humans; however, a limitation in some studies is the use of nonpharmaceutical-grade ingredients that may affect potency; more research is needed to determine their efficacy (48, 64, 113). (Note that the U.S. FDA does not test or analyze dietary supplements, as they are not regulated in the same manner as pharmaceuticals. People should always consult their physician or other health care professional before consuming dietary supplements.) Various topical pain relievers with ingredients such as capsaicin, menthol, comfrey, and salicylates (e.g., Aspercreme, Bengay, Capzasin-P, and Icy Hot) are also available OTC; however, they appear to have equivocal beneficial effects on OA pain (3, 27, 148), and further research to elucidate their effectiveness is needed. 
Nonsteroidal anti-inflammatory drugs including ibuprofen (e.g., Advil) and aspirin, which can help reduce inflammation, swelling, and associated pain, are common nonprescription medications taken by those with OA. If taken as directed in low doses for short periods of time, OTC NSAIDs have relatively few and minor side effects. However, they can result in GI irritation or bleeding, and their use can increase the risk of heart attack and stroke; these risks increase if they are taken for prolonged periods or at higher than recommended doses (158). Nonopioid analgesics such as acetaminophen (e.g., Tylenol) are mild to moderate pain relievers that are also commonly taken by those with OA. They have relatively few side effects when taken as directed. The known side effects include GI discomfort such as stomach pain, headache, and in rare cases GI bleeding, or negative effects on hepatic and renal functioning. 
If the pain or swelling from OA is moderate to severe, the physician may prescribe one or more medications such as cyclooxygenase-2 (COX-2) enzyme inhibitors. These drugs are a subclass of NSAIDs but act selectively on COX-2 enzymes to reduce inflammation, with reduced risk of stomach irritation. However, as with other cyclooxygenase inhibitors, there is an increased risk of heart attack and stroke with longer duration of use. 
Corticosteroids, powerful anti-inflammatory agents that are injected directly into the joint (e.g., betamethasone, cortisone acetate, and prednisone), may also be used in isolation or conjunction with other medications depending on the individual’s symptoms. Despite the name, corticosteroids are not in fact steroids but rather are synthetic drugs that structurally resemble cortisol. Corticosteroids are prescribed for moderate to severe joint pain or inflammation after NSAIDs have been found to be ineffective. In general, corticosteroids are considered safe; however, potential side effects associated with large doses taken over prolonged periods (i.e., months or years) include heart attack, stroke, and stomach bleeding. Another known potential side effect of use of corticosteroids is osteoporosis, as they can both reduce osteoblast activity and increase bone resorption. Viscosupplements are agents injected into the joint cavity of patients with OA to increase joint lubrication and cushioning. Hyaluronic acid (e.g., Euflexxa, Hyalgan) is one such agent that is naturally found in joint fluid (149) and has been shown to be safe and efficacious as a treatment and may be given as a weekly injection (149). 
For severe joint pain, powerful prescription analgesics (i.e., narcotic pain relievers) may be used for short-term treatment (e.g., Darvocet, morphine, Oxycontin, Percocet, and Vicodin). Unlike NSAIDs, which act as anti-inflammatory agents and have a mild analgesic effect, narcotic pain relievers have no anti-inflammatory effects. The most common side effects are constipation, drowsiness, dry mouth, and sometimes difficulty urinating. Caution should be taken with their use, as there is a risk of developing a tolerance, dependency, or addiction. 
Effects of Exercise in Individuals With Osteoarthritis
While activities that cause or exacerbate pain in individuals with OA should be avoided, the benefits of exercise are well documented and may reduce joint pain for many (81, 123). Those with OA who are overweight or obese can also benefit from physical activity and exercise-induced fat loss as this reduces the pressure on weight-bearing joints. Exercise may also increase joint stability, muscle strength, coordination, balance, proprioception, and joint mobility (11). 
Exercise Recommendations for Clients With Osteoarthritis
Program design guidelines for individuals with OA are summarized in table 3.4. The American College of Rheumatology recommends that clients with OA engage in range of motion, resistance, and aerobic exercise. 
 
	Aerobic exercise that uses large muscle mass such as swimming, cycling, or walking should be undertaken three to five days per week at a light to moderate intensity (i.e., 55 to <75% maximal heart rate [MHR] or an RPE of 9 to 13) for 20 to 30 minutes (10). 
	Resistance training, two or three times per week at a moderate intensity for six to eight repetitions and two or three sets per exercise, in a progressive overload manner is also recommended (10). 
	Exercise to increase flexibility and mobility should be initiated three to seven days per week, with three sets of one to five repetitions per muscle group, and held for 5 to 30 seconds, according to initial flexibility and comfort levels. 





Osteoarthritis

Case Study

Mrs. J is 58 years old, physically active, 5 feet, 6 inches tall (1.68 m), and 135 pounds (61 kg). She is a manager for a temporary staffing agency and has had progressively increasing pain and swelling in both knees for the past 12 months. Initially in the morning her knees are stiff until she has been moving for 10 to 15 minutes. She has had to reduce her running to walking, and recently even walking more than 20 minutes has become painful. She has been taking ibuprofen daily for nine months to reduce swelling and pain, and while her self-selected dosage has steadily increased, it is no longer effective at managing her pain. X-rays of her lower back, hips, and knees reveal that Mrs. J has narrowing of the joint spaces, an indication of cartilage loss, and mild increased density of the subchondral bone consistent with OA. Due to the ineffectiveness of ibuprofen, her physician has prescribed celecoxib (Celebrex), a COX-2 inhibitor, even in light of the FDA’s recent warning that COX-2 inhibitors may increase the risk of heart attack and stroke. This was in conjunction with recommending a modified aerobic training program, adding resistance training and mobility to improve overall joint health and function, as well as addressing any potential issues of bone and muscular strength, which are both important at Mrs. J’s age. 

Due to the continuing decline in her exercise abilities in the past year and the long-term medical and health implications, Mrs. J hired an exercise professional with certification and experience working with OA clients. With her reduced ability to run, her exercise professional prescribed aerobic sessions on a bicycle three to five days per week at a moderate intensity (RPE of 12-13) for a duration as long as she was pain-free or her pain was tolerable. On days when her symptoms are low, Mrs. J was encouraged to walk, as this is what she prefers and enjoys. Her exercise professional also initiated a resistance training program twice a week again at a moderate intensity, given her athletic background, engaging in two sets of six to eight repetitions of predominantly multijoint exercises while remaining in a pain-free range of motion. However, to accommodate the cartilage loss in her lower back, hips, and knees, Mrs. J’s exercise professional implemented low step-ups, leg press, and lying hamstring curls instead of squats and deadlifts, and asked her to limit her range of motion by her symptoms. Her exercise professional also started her on a progressive flexibility program of static stretches three days per week, repeating each stretch three times and holding for up to 30 seconds. 
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Joint Disorders
The joints of the human body are made up of primary and supporting structures including cartilage, ligaments, bone, bursa, joint cavity, synovial fluid, muscle, tendons, blood vessels, and nerves. Joints, and the various structures that make up a joint, are susceptible to disorders of varying etiology, for example, genetics, disease, trauma, and aging. Two of the most common joint disorders are sprains (figure 3.5) and dislocations (figure 3.6). 



Figure 3.5  Joint sprain is one of the most common joint disorders and involves a stretch or tear of a ligament. 




Figure 3.6  Joint dislocation is one of the most common joint disorders and is categorized in terms of the degree of separation and extent of the injuries to the associated structures. 

The American Academy of Orthopaedic Surgeons (AAOS) defines a joint sprain as a stretch or tear (or both) of a ligament (8). Typical acute symptoms of a sprain include tenderness or pain at the joint, bruising, inflammation, swelling, and joint laxity or stiffness. The joints most susceptible to sprains are the ankles, knees, and wrists. From 2002 to 2006 there were an estimated 3,140,132 ankle sprains in the United States (162), with the incidence higher in females compared with males, children compared with adolescents, and adolescents compared with adults (46). Lateral ankle sprains were the most common ankle sprain cited (46), with nearly half of all ankle sprains reported during athletic activity. Basketball, football, and soccer were associated with the highest percentages of ankle sprains at 41.1%, 9.3%, and 7.9%, respectively (162). 

Joint dislocation (i.e., luxation), on the other hand, is an abnormal separation of the joint surfaces. Common acute symptoms of a dislocation include pain at the joint especially during movement, limited range of motion, numbness or tingling, swelling, and bruising. The joint may be visibly misshapen, particularly in the case of complete dislocation; however this is not always the case, as with partial dislocations. The shoulder is the most commonly reported joint dislocation, with 71.8% of cases occurring in males and with a peak incidence for those aged 20 to 29 years (170). 
The risks of joint sprains or dislocation with participation in exercise and physical activity are evident, with almost half of the reported injuries occurring during sport activity or recreation (170). Thus, since all children and adults are encouraged to engage in daily physical activity to improve and maintain health, exercise professionals should be knowledgeable about these conditions. 
Pathophysiology of Joint Disorders
Sprains are caused by direct or indirect trauma such as a fall (e.g., landing on outstretched arms and hands while falling, causing wrist sprain), excessive joint movement (e.g., “rolling an ankle” on a rock while walking), or a blow to the body or joint (e.g., tackling an opponent at the knee, causing sprain of the medial collateral ligament of the knee). The latter forces the joint beyond its functional range of motion, stretching ligament(s) farther than their normal length. This excessive movement results in overstretch, tear, or complete rupture of one or more ligaments that support the joint. 
Sprains are categorized by (1) the degree of stretch or tearing of the ligament’s collagen fibers and (2) the resulting degree of joint instability. A grade 1 sprain (i.e., mild) is identified as minimal tenderness and swelling with overstretch of the ligament, no significant tear of fibers, and no apparent joint instability. A grade 2 sprain (i.e., moderate) has moderate degrees of tenderness and swelling, with tearing of some fibers but not the entire ligament, and possible mild joint instability. Grade 3 sprain (i.e., severe) is a complete rupture of the ligament with concomitant joint instability, significant swelling, and tenderness. 
Similar to the situation with sprains, the primary cause of joint dislocation is sudden impact caused by either a blow to a joint or associated structure(s) or a fall. In the case of shoulder dislocation, aside from the previously mentioned risk factors of sex, age, and sport participation, genetics is also a risk factor for individuals with hypermobile joints due to loosened ligaments (142). A previous dislocation is also a risk factor for further injury to the joint, as the trauma from dislocation often does irreparable damage and joints are more loose after each dislocation (77). Dislocation is categorized in terms of the degree of separation, partial or complete, and extent of the associated injuries: simple dislocation (no major bone trauma), complex dislocation (significant bone and ligament trauma), or severe dislocation (damage includes trauma to blood vessels and nerves associated with the joint) (4). 
Common Medications Given to Individuals With Joint Disorders
Medications commonly prescribed in the acute recovery phase of sprains and dislocations include ibuprofen and other OTC NSAIDs to reduce inflammation, swelling, and mild pain, or acetaminophen or other nonopioid analgesics for mild to moderate pain. Both NSAIDs and nonnarcotic analgesics have few side effects, which are typically mild if they are used for short periods of time and in low doses. However, as mentioned previously, these drugs can impair skeletal muscle protein synthetic response (153). It is also worth emphasizing that caution is advised with NSAIDs as high doses and longer use have been associated with increases in the risk of heart attack and stroke (158). 
Effects of Exercise in Individuals With Joint Disorders
According to the American Physical Therapy Association, there is some evidence that supports the inclusion of weight-bearing functional exercises and single-limb balance activities in the postacute rehabilitation period to improve strength and mobility for ankle sprains (93). In addition, there is evidence that sport-related training may reduce the risk of recurring ankle sprains (93). 
According to the AAOS, treatment for grade 1 sprains includes strengthening, range of motion, and flexibility as tolerated, but should be initiated only after a physician or other health care professional’s clearance has been obtained and the initial healing phase (typically two or three days), denoted by lack of pain and swelling, is complete (8). Note that complete healing may take four to six weeks. The treatment of grade 2 and 3 sprains requires immobilization and physical therapy treatment and as such is outside the scope of practice for exercise professionals. As with rehabilitation for sprains, the goals of rehabilitation for dislocation are to optimize joint range of motion and strength. The treatment of partial and complete dislocations typically requires immobilization and physical therapy and is outside the scope of practice of exercise professionals. 
Key Point
While the goals of rehabilitation for sprains and dislocations are to optimize joint range of motion and strength, exercise professionals should ensure the client has been released by a physician, physical therapist, or other health care professional before initiating a training program. 
Exercise Recommendations for Clients With Joint Disorders
For ankle sprains, the AAOS recommends an initial one-week phase of rest and repair, followed by a second phase of one to two weeks to restore range of motion, flexibility, and strength, with a subsequent final phase of several weeks to months of progressive modified training with no turning or twisting of the ankle (8). The specific exercises and programming depend on the severity of the injury and speed of recovery. It should be noted that exercise programming for postrecovery sprains and dislocations should be undertaken after consultation and clearance from the client’s physician or other health care professional, and exercise should cease if there is any pain. A final-phase program for an ankle sprain might include flexibility training sessions of an initial low-impact dynamic warm-up of 5 to 10 minutes such as walking or stationary bicycle, then completion of three or four low-intensity stretches for the musculature that supports the joint, holding each stretch for 30 seconds, with two sets of 10 repetitions, six or seven days per week (6). This final phase of strengthening should also include two to four bodyweight strengthening and balance–coordination exercises (e.g., calf raise for ankle sprain) of one or two sets of 5 to 10 repetitions through full joint range of motion, again six or seven days per week, and one resisted exercise of three sets of 10 repetitions with a frequency of three times per week (6). 
The AAOS also provides exercise guidelines for those having suffered a shoulder injury such as dislocation (7). Guidelines are similar to those for joint sprain. The initial postrecovery program is typically four to six weeks in duration. For each exercise session, after an initial warm-up of 5 to 10 minutes of walking or stationary cycling, the client should complete three or four low-intensity stretches for the musculature that supports the shoulder (i.e., the deltoids, rotator cuff muscles, trapezius, rhomboids, biceps, and triceps) with one or two sets of 4 to 10 repetitions, with each stretch held for 30 seconds, five to seven days per week. This is followed by three to six initial light-resistance (e.g., bands or lightweight dumbbells) strengthening and stabilization exercises in each plane, with one to three sets of 5 to 20 repetitions through full joint range of motion, three times per week. Intensity and volume should follow a progressive overload model from an initial low intensity and volume. Program design guidelines for individuals with joint disorders are summarized in table 3.5. 




Joint Disorders

Case Study

Mrs. S (35-year-old married mother of three young children) presented to the exercise professional on Tuesday at her local health club after spraining her right ankle playing a game of soccer with her children in her backyard on Friday night. Her ankle rolled over, and it was instantly very painful, with significant swelling and bruising starting to show shortly thereafter. Mrs. S went to the emergency room, and an x-ray confirmed that there was no fracture. She elevated and rested her foot over the weekend and on Monday at work elevated as much as possible. She met with her primary care physician on Monday, who confirmed there was no fracture and cleared her for walking and light exercise to mobilize the joint. While bruising is still present, she is no longer experiencing tenderness and there is virtually no swelling. Mrs. S is currently taking 400 mg of acetaminophen as directed by her physician. 

Mrs. S had been working out consistently for several months with continued weight loss for an upcoming class reunion and would like to continue to train. Her exercise professional asked her to warm up on the stationary bicycle and maintain a low intensity for 5 minutes. With no pain during warm-up, Mrs. S’s exercise professional directed her through low-intensity stretches as normal but with one extra calf stretch (for a total of three), then bodyweight calf raises and banded ankle dorsiflexion and plantarflexion. The exercise professional initially modified her existing program to reduce stresses on her ankle, for example using knee extension and hamstring curl machines instead of squats and deadlifts for her lower body to avoid extra pressure on her ankle, and using bench press and lat pulldown instead of physioball dumbbell press and one-arm bent-over row, respectively. She also avoids planks (supine, prone, and side) due to the increased stress on her ankles. 
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Joint Replacements
Joint replacement surgery (also known as arthroplasty) involves replacement of part (e.g., articular cartilage) or all of a damaged or arthritic joint with a metal, plastic, or ceramic prosthesis in order to return the joint to normal pain-free movement (figure 3.7). While total hip and knee replacements are the most common, other joints are also replaced, including, but not limited to, shoulder, elbow, and ankle (63). In 2011 approximately 1.4 million joint replacement surgeries were performed in the United States, including over 640,000 knee and 300,000 hip total joint replacements. The cumulative number of individuals living in the United States with knee replacements is estimated at over 4 million (165), with a higher prevalence in females than males (165) and overall prevalence increasing with age. The financial cost of joint replacements was estimated at approximately $16 billion in the United States in 2006 and was projected to rise with the increasing aging population and prevalence of obesity (167). 



Figure 3.7  Joint replacement surgery (arthroplasty) involves replacement of part or all of a damaged joint with a metal, plastic, or ceramic prosthesis in order to return the joint to normal pain-free movement. 

Pathophysiology of Joint Replacements
Several risk factors leading to joint replacement have been identified; these include age, sex, body mass index, developmental disorders, fractures, injury, and diseases leading to degeneration of one or more aspects of the joint. However, both primary and secondary OA was the principal diagnosis for 85.3% and 97.3% of hip and knee total replacement surgeries, respectively, in the United States in 2011 (63). 
Common Medications Given to Individuals With Joint Replacements
Arthroplasty is an invasive procedure, and the medications commonly associated with the surgery include anesthesia, sedatives, intravenous prescription opioid pain relievers (e.g., morphine, fentanyl, oxycodone), and antibiotics. Once the individual is released from the hospital following surgery and acute recovery, various OTC and prescription medications are prescribed (see medications table 3.4 near the end of the chapter). Over-the-counter medication for mild to moderate pain relief (e.g., acetaminophen [Tylenol]) and reducing inflammation (e.g., ibuprofen [Advil]) may be taken for up to several weeks postsurgery; however, as noted earlier, caution is advised as NSAIDs increase the risk of heart attack and stroke with higher doses and longer use. Prescription oral opioid pain relievers may be prescribed for those with more severe pain; however, extended use of these drugs is not recommended because they are highly addictive. Oral antibiotics are also typically prescribed to prophylactically prevent infections, and while side effects are not common, they may include nausea, vomiting, GI distress, or allergic reaction. Oral anticoagulants such as warfarin (Coumadin) are also commonly prescribed because surgery increases the risk of blood clots. 
Effects of Exercise in Individuals With Joint Replacements
Postoperative physical activity and exercise to stimulate leg blood flow are encouraged to reduce the risk of blood clots such as deep vein thrombosis and pulmonary embolism, which are strikingly common; 40% to 60% of total hip and total knee arthroplasty patients who did not receive antithrombosis treatment had a confirmed postoperative diagnosis (59). 
Key Point
Postoperative physical activity is encouraged in individuals with joint replacements to stimulate leg blood flow and reduce the risk of blood clots. Clearance to exercise from a physician or other health care professional should be obtained prior to initiating exercise. 
Exercise Recommendations for Clients With Joint Replacements
Recovery and rehabilitation following joint replacement are highly individualized, as the healing and pain associated with the surgery can last weeks to months, as can the adjustment to the new joint and its movement. During this period of reduced activity, loss of muscle strength will accrue and should be considered and addressed. Initially the client’s physician and physical therapist direct the exercise prescription to restore normal and healthy movement patterns and strengthen the joint and associated structures and musculature. 
Due to the invasive nature of the surgery, the various types of joint replacement (i.e., partial or total), individualized responses to recovery and rehabilitation, and inconsistencies in the literature, specific exercise prescription is highly individualized. Following the initial recovery and rehabilitation phase, evidence of functionally stable and painless movement patterns of the affected joint is necessary before the client begins a strength and conditioning program. General guidelines for such a program include the following (95, 160): 
 
	A period of six months is recommended before engaging in vigorous exercise.
	An initial period of low-impact aerobic exercises (i.e., those that combine cyclic low limb movement patterns with low rotational and minimal impact forces) is highly recommended. This includes cycling, swimming, walking, low-impact aerobics, weight training, and cross-country skiing. 
	High-impact activities and contact sports should be avoided.
	Exercise and physical activity that include frequent jumping or plyometrics are contraindicated in most cases but should be evaluated individually. 
	The client’s prior exercise and sporting experience should be considered in these recommendations, as this may indicate an increased tolerance for those activities. 

In conjunction it is recommended that exercise professionals refer to the generally accepted guidelines adopted by the U.S. DHHS for developing exercise sessions and programs for adults with joint arthroplasty (156), while ensuring that the exercise prescription is individualized in its implementation and progression to reflect the limitations, strengths, weaknesses, and goals of the client. The recommendations for a resistance training program are to improve overall muscular strength and endurance; however, a loss of muscle mass may also have occurred, and if so should be addressed. Initial recommendations are two to four sets (one set if the client is sedentary or low in conditioning) of 8 to 12 repetitions per exercise at an initial light to moderate intensity, one or two times per week (156). To increase flexibility and range of motion it is recommended that clients initially complete static stretches three to seven times per week of all major muscle groups and hold each stretch for 15 to 30 seconds (105). Recommendations for aerobic exercise are to engage large muscle groups (e.g., brisk walking) at an initial light to moderate intensity for at least 10 minutes three or more times per day, three or more days per week, progressing to at least 300 minutes of moderate or 150 minutes of vigorous (or an equivalent combination of both intensities) per week. Exercise should cease immediately if there is any pain, with referral to a physician or other health care professional. Program design guidelines for clients with joint replacements are summarized in table 3.6. 




Joint Replacements

Case Study

Mr. D, a 66-year-old retired school teacher and prior semiprofessional rugby player, was diagnosed with obesity, diabetes, hypertension, and OA of both knees and right shoulder. Mr. D experienced increasing knee pain, swelling, and stiffness with concomitant decreased range of motion and functional ability over several years. After initial NSAID medication use, he was prescribed a COX-2 inhibitor and weekly hyaluronic acid injections for five weeks. At that time, due to continuing pain, Mr. D underwent a bilateral total knee arthroplasty with no complications or infection. He started an inpatient rehabilitation and recovery program due to the bilateral nature of his surgeries and progressed well with minimal narcotic pain medication use. He also participated in nutritional counseling and weight loss exercise programming. Following nine months of outpatient and at-home rehabilitation, Mr. D lost a significant amount of weight (predominantly fat mass but also some muscle mass based on DXA) and was more active and pain-free than he had been in many years. He swims three times per week, participates in progressive resistance training twice a week with an exercise professional, and plays with his four grandchildren as often as possible. 
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Disorders of the Muscular System 
Skeletal muscle mass plays a central role in an individual’s health both directly and indirectly via metabolic functions, whole-body protein metabolism, and the production of locomotion, muscular endurance, strength, and power. Consequently, conditions that negatively affect the muscular system, such as injury, disease, aging, and disuse, can have significant effects on an individual’s health and fitness. This section examines two disorders of the muscular system associated with aging: frailty and sarcopenia. 
Frailty

Frailty is a commonly used term in the health and medical communities, yet there is currently no consensus definition (14, 58, 90). While frail health may occur at any time in one’s life (14), frailty is generally associated with older adults who experience a syndrome of poor health, reduced muscle strength, and reduced ability to participate in physical and functional activities, including activities of daily living, leading to further increased vulnerability to negative health conditions, morbidity, and mortality (24, 42, 119, 152). Evidence suggests that the prevalence of frailty increases with age and varies from 4% to 59% in older adults, with approximately 20% to 50% of those aged 85 years of age or older being frail (31, 36). And as the older adult population (i.e., 65 years of age and older) is estimated to double in the next 25 years (29), there are growing concerns about the expanding individual, societal, and economic impacts of this syndrome. 
Pathophysiology of Frailty
Disagreement among researchers and practitioners exists on the precise etiology of frailty, but frailty is generally considered the result of a multifactorial interaction of age-related deficits in various physiological and psychological systems, in conjunction with nutritional and environmental stressors (24, 152). It is associated with other chronic diseases (14), and risk increases after the age of 65 years (14). Older adults are particularly prone to frailty, as many older individuals are susceptible to a negative cycle of disease and disuse (i.e., lack of weight-bearing activities), which further exacerbates the frailty condition. For example, inadequate caloric or dietary protein intake can contribute to sarcopenia (age-related loss of skeletal muscle mass and strength). This may in turn contribute to osteoporosis and increased risk of falling—with potential hospitalization and bed rest to treat a fracture leading to further muscle and bone density loss during immobilization, making the individual even more frail. Frailty also increases the risk of and recovery from other health issues, exacerbating an already negative perpetuating cycle (14). Due to the multifactorial aspects of frailty and lack of agreement on its definition, multiple diagnostic tools and tests exist to diagnose this syndrome (24, 69). 
Common Medications Given to Individuals With Frailty
The multifactorial etiology of frailty and the potential presence of one or more comorbidities result in treatment with multiple medications (51, 68, 116). The exercise professional therefore must become aware of these medical conditions and medications via completion of prescreening medical, health, and activity history questionnaires, as well as their effects individually and in combination on exercise capacity and physiological responses to exercise (e.g., β-blockers can attenuate the normal rise in heart rate with increasing exercise intensity and duration). The side effects of these medications individually and in combination should also be known for safety and exercise prescription reasons. For example, β-blockers and diuretics can cause fatigue and weakness, while diuretics and certain antidepressants may cause postural hypotension, and the same class of antidepressants can also cause dizziness (14). See medications table 3.5 near the end of the chapter for more detail. 
Effects of Exercise in Individuals With Frailty
Exercise of varying modes, intensity, and duration has been shown to be efficacious in frail populations in improving balance, performance in activities of daily living, gait speed, fall prevention, and other markers of functional capacity (33, 34, 139). Goals for an exercise program to address the multifaceted contributors to frailty, depending on individual deficits, may include (14): 
 
	Increase functional capacity
	Increase neuromuscular coordination to improve balance and reduce risk of falls
	Increase muscular strength, power, and mass to reduce the risk of falling, increase functional capabilities, and attenuate sarcopenia and its related negative health impacts 
	Improve cardiovascular functioning to attenuate cardiovascular disease and other comorbidities

Exercise Recommendations for Clients With Frailty
Frailty is complicated by the existence of multiple conditions and a complex etiology in older clients; thus health, medical, and activity prescreening should be used to (a) stratify risks, such as cardiovascular and orthopedic risks, and (b) obtain a full and comprehensive list of all medications and supplements. The exercise professional should consider tests that assess potential neuromuscular, proprioceptive, balance, muscular strength, and flexibility–mobility deficits, as well as reflecting activities of daily living. To determine aerobic exercise intensity and duration tolerance before the onset of negative symptoms, medical supervision of a cardiorespiratory exercise test is also recommended due to the high risk of falls and other adverse events in this population. 
Program design guidelines for frail older clients are summarized in table 3.7. In order to increase functional capacity and independence, aerobic exercise that recruits large muscle mass such as walking, cycling, swimming, and chair exercises is recommended three to five days per week for 5 to 60 minutes per session (14). Light-intensity resistance exercise three days per week and progressing to moderate intensity is also recommended (14). Moderate- to high-intensity resistance exercise has been shown to be well tolerated and to have positive effects on functional capacity, muscle mass, and strength; however, this should proceed in a progressive fashion based on individual responses (52, 138). Flexibility and mobility training is encouraged on most or all days in order to promote healthy movement patterns, continued independence, and activities of daily living (110). Neuromuscular exercises that increase coordination, balance, and gait are also recommended within a comprehensive training program to reduce the risk of falls and associated increased morbidity and mortality. These may be functionally based exercises such as chair stand, one-foot stand, or tandem gait (14). 




Insufficient nutritional intake (i.e., total calories and protein) is common in older adults, and referral to a registered dietician or nutritionist is recommended so that dietary recall or blood tests (or both) can be undertaken to determine nutritional status, as well as counseling regarding the importance of nutrition for health and optimal adaptations to exercise (145). Older frail clients have an increased risk of overhydration and dehydration; it is important to appreciate this throughout training sessions, as it can adversely affect health, training adaptations, recovery, and consistency of training (97). 
Frailty

Case Study

Mrs. R, an 87-year-old widow living alone, is 5 feet, 1 inch (1.55 m) tall, weighing 104 pounds (47 kg). She has been prompted repeatedly by her sons to join a fitness facility and work with an exercise professional to get stronger and become more active. She admits being fatigued a great deal and has various muscular and joint aches. Mrs. R has slow ambulation and jerky gait movement patterns with a wide stance and is slow to rise from a chair, often requiring assistance due to poor strength and balance. She agreed to go to a fitness facility, and her oldest son, who pays for the sessions, drives her to the facility and helps her get from the car to inside the facility. 

Mrs. R takes multiple medications, including Benazepril (an angiotensin-converting enzyme [ACE] inhibitor for high blood pressure), Coumadin to reduce her risk of blood clots and stroke, Celebrex for her OA, and Lipitor (a statin for lowering her cholesterol). She also had osteoporotic fractures of the right wrist and proximal hip from slipping on the ice last winter. 

Mrs. R is on a fixed income and often does not have an appetite so she eats infrequent small meals with very little protein content. Mrs. R has unintentionally lost 10 pounds of mass in the past two years. Low nutrient consumption may have affected her calcium, magnesium, and protein intake. 

Her exercise professional prescribed a total body program incorporating seated upper body exercises using light dumbbells and low resistance bands, and sit-to-stand and standing knee flexion for the lower body to improve muscular strength, balance, and tension on bone. Recumbent cycle ergometer for aerobic conditioning in the temperature-controlled environment was also included, and each session starts and finishes with flexibility and mobility exercises. 
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Sarcopenia

Sarcopenia is the multifactorial loss of skeletal muscle mass, strength, power, and functional capacity with aging (23, 50, 53, 98, 120, 125, 126). Sarcopenia appears to begin at approximately 20 to 35 years of age depending on various factors, and it results in a loss of 30% of one’s muscle mass by 80 years (16, 56, 163) as well as increased morbidity and mortality rates (99). In 2001 it was estimated that the cost of sarcopenia in the United States was $18.4 billion per year (70). It is also estimated that more than 250,000 deaths a year in the United States are the result of inactivity, a risk factor for sarcopenia (76). Sarcopenia is a current and considerable health concern, particularly in light of the projected doubling of the population aged 65 years and older from 2010 to 2040 (29). 
Pathophysiology of Sarcopenia
Research has shown that sarcopenia has multiple contributing factors, including physical inactivity or disuse, chronic diseases, inflammation, insulin resistance, motor unit remodeling–functional muscle denervation, altered endocrine function and decreased anabolic hormone levels, decreased muscle protein synthesis, and nutritional deficiencies including inadequate protein and energy intake (43, 80, 107, 127-129, 158, 168). Due to the number of contributing risk factors and the increasing older adult population, a significant amount of research investigating various interventions is currently being undertaken. 
Key Point
While various factors may contribute to sarcopenia, the integrated roles of resistance training and adequate nutrition, particularly protein and energy intake, have been shown to be highly efficacious. 
Common Medications Given to Individuals With Sarcopenia
Physicians and researchers have implemented a number of interventions to address the primary symptoms of reduced muscle mass and strength for those with sarcopenia. Currently the most prevalent treatments for sarcopenia are nutrition (e.g., increasing protein, amino acid, or total caloric intake or some combination of these, as well as vitamin D), resistance exercise (e.g., training to increase muscular strength, power, or both), and hormonal therapies. Hormonal therapy to attenuate or reverse sarcopenia has included the administration of testosterone and other androgens such as dehydroepiandrosterone sulphate (DHEA), with some evidence that they may increase skeletal muscle mass and satellite cells; however, effects on muscle strength and function are mixed (26, 60, 89, 132). In conjunction, the side effects of testosterone supplementation (e.g., increased prostate size, fluid retention, polycythemia [i.e., elevated hematocrit], and sleep apnea [26]) have meant that this is an ongoing area of research that is not universally implemented in those with sarcopenia. Growth hormone and insulin-like growth factor 1 (IGF-1) also act to increase skeletal muscle mass and stimulate satellite cells, and like testosterone, they decline with aging; thus supplementation has been investigated as a treatment option. Equivocal results have been obtained to date in the literature as a whole, with a relatively high incidence of side effects (e.g., fluid retention, orthostatic hypotension, and carpal tunnel syndrome); however, some studies have shown increases in muscle mass and strength, and further research is ongoing (26, 132). 
Other interventions such as creatine, myostatin, and angiotensin-converting enzyme (ACE) inhibitors are also undergoing study as potential treatment options (26, 132). See medications table 3.6 near the end of the chapter for a summary of common medications used for treatment of sarcopenia. 
Effects of Exercise in Individuals With Sarcopenia
Unfortunately, it is estimated only 10% of older adults participate in resistance training programs (137). While numerous barriers to exercise participation by older adults have been identified, many studies cite poor health, injury, and pain as the major barriers (94, 136). Resistance training has been shown extensively to improve skeletal muscle mass, strength, and power in older individuals via improved neuromuscular functioning, plasma hormone concentrations, and skeletal muscle protein synthesis, thus attenuating the effects of sarcopenia (28, 41, 44, 49, 137, 154). More recent evidence indicates that muscular power, the ability to rapidly produce force, may affect daily physical performance more than strength (15, 67, 87, 92). Further, there is evidence that muscular power may be lost at a greater rate than muscle strength in older individuals (143, 151). There is evidence that Type II muscle fibers, those responsible for high force and rate of force development, experience selective atrophy with advancing age (83, 87). Due to this accelerated loss of Type II fibers, an exercise intervention to ameliorate or reverse sarcopenia should target these fibers by requiring the individual to generate high levels of force at higher speeds. Sayers found that peak muscle power was experienced at high resistances of 80% to 90% of maximum (133), and Peterson and colleagues obtained similar results in a variety of populations for developing maximum strength (114). 
Exercise Recommendations for Clients With Sarcopenia
Older adults with sarcopenia often have comorbidities, which the exercise professional should be aware of, as both the comorbidities and the condition of sarcopenia can be barriers to exercise. With this in mind, it is recommended that a health and activity questionnaire be completed by all clients with sarcopenia to identify potential risk factors for cardiovascular disease and orthopedic conditions. Clients with two or more risk factors should be referred to their physician or other health care professional for clearance before starting an exercise program. 
Program design guidelines for clients with sarcopenia are summarized in table 3.8. For clients who are cleared to exercise, it is recommended that they engage in a progressive resistance training program, completing one to three sets of 10 to 15 repetitions per muscle group of 8 to 10 multijoint exercises at a light to moderate intensity (12, 115) and advance to higher-intensity training if and when appropriate (96). It is recommended that 1RM or similar high-intensity testing be avoided in clients with sarcopenia due to the risk of injury or aggravating any other existing condition (115). A frequency of two resistance training sessions per week is recommended; however, the optimal frequency for the mature and frail adult has not been definitively established. It should be noted that maintenance of strength in older adults has been achieved with as little as one session per week (115). 




Aerobic exercise capacity declines with aging, and inclusion of aerobic training has been shown to improve skeletal muscle and cardiovascular function in older adults (54). It is recommended that clients with sarcopenia engage in aerobic exercise that recruits large muscle mass such as walking, cycling, or swimming, three to five days per week, for 20 to 60 minutes per session at light to moderate intensity. 
Flexibility and mobility training in order to promote healthy movement patterns and reduce mortality (110), as well as neuromuscular exercises that increase coordination and balance, is also recommended five to seven days per week. 
Sarcopenia

Case Study

Mr. C, age 72, is a retired university professor who has been referred to an exercise professional by his physician to start a resistance training program after a fall resulted in a fractured scaphoid and four fractured ribs. Mr. C’s physician diagnosed him with sarcopenia. Mr. C appears otherwise relatively healthy for his age, although he takes Lipitor for high cholesterol and Tamsulosin for an enlarged prostate. 

Based on discussion with an exercise professional about his health, activity, and nutritional habits, it appeared that Mr. C was chronically hypocaloric and consumed insufficient dietary protein. This was confirmed by a follow-up consultation with a registered dietician. The exercise professional started Mr. C on a machine-based total body circuit workout at moderate intensity for 8 to 12 weeks, with the goal to move to free weights and higher intensities depending on how quickly he adapted. The dietician also initially recommended that Mr. C consume the recommended 0.8 gram protein per kilogram body weight per day and that they meet again to discuss ways to implement recommendations for his total calorie intake and other nutritional needs. 
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Conclusion 
The important theme of this chapter for the exercise professional is that while musculoskeletal disorders and conditions are often associated with varying levels of pain, may be seen as pervasive across the age span, and have various etiologies, appropriate individualized exercise, even in the presence of medications, offers the opportunity to provide symptom relief and improved functionality for the vast majority of clients. Accordingly, exercise professionals need to be aware of the pathophysiology, medications, symptoms, and issues associated with each condition, as well as how they may limit and interact to influence the exercise response, in order to guide their clients safely and effectively. Exercise programming must be individualized, and in certain circumstances such as daily variations in pain, the exercise professional must be flexible in programming to support individuals with muscular disorders and conditions so that they may reach their goals of health, fitness, and functionality. 
Key Terms
 
	arthroplasty
	complete dislocation
	complex dislocation
	frailty
	grade 1 sprain
	grade 2 sprain
	grade 3 sprain
	hormone therapy
	hormone replacement therapy (HRT) (see hormone therapy)
	hyperkyphosis
	hyperlordosis
	idiopathic general osteoarthritis
	idiopathic localized osteoarthritis
	joint dislocation
	joint sprain
	kyphotic
	lordotic
	low back pain (LBP)
	osteoarthritis (OA)
	osteopenia
	osteoporosis
	partial dislocation
	posture
	primary osteoporosis
	sarcopenia
	scoliosis
	secondary osteoarthritis
	secondary osteoporosis (type 3 osteoporosis)
	severe dislocation
	simple dislocation
	type 1 osteoporosis (postmenopausal osteoporosis)
	type 2 osteoporosis (senile osteoporosis)
	Type II muscle fibers

Study Questions
 
	Which of the following terms refers to an excessive forward convex curvature of the lumbar spine? 	scoliosis
	hyperlordosis
	kyphosis
	hyperkyphosis


	The usage of topical capsicum plasters to treat low back pain 	can cause drowsiness or dizziness
	may cause long-term liver function problems
	does not appear to have an impact on exercise capacity
	works by inhibiting inflammation in the affected tissue


	Osteoarthritis affects women more than men, but at what age does the risk plateau for women and men? 	50
	60
	70
	80


	All of the following are goals for an exercise program to improve frailty except 	reduce the risk of falling
	increase functional capacity
	lessen the effects of sarcopenia
	decrease neuromuscular coordination
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Metabolic Conditions and Disorders 
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After completing this chapter, you will be able to
 
	understand the underlying causes and prevalence of obesity, type 1 and type 2 diabetes, dyslipidemia, hyper- and hypothyroidism, and chronic kidney disease; 
	recognize the most common medications prescribed in the management of these conditions and their basic mechanisms of action and side effects; 
	explain the benefits of exercise in the prevention and management of these metabolic conditions; and
	understand the essential principles of exercise programming, including precautions, for clients with obesity, type 1 and type 2 diabetes, dyslipidemia, hyper- and hypothyroidism, and chronic kidney disease. 

Numerous studies have shown that chronic metabolic disorders including obesity, dyslipidemia, hypertension, and type 2 diabetes are largely preventable (1, 32, 188). Evidence (88, 154) is strong that persons who adhere to a low-risk lifestyle have a 72% to 90% lower risk for diseases such as type 2 diabetes compared to persons with a high-risk lifestyle (table 4.1). Unfortunately, only 3% to 8% of persons in the United States practice a low-risk lifestyle (14, 65, 66, 124, 188). This chapter addresses the role of exercise in the prevention and management of four common metabolic disorders: obesity, type 2 diabetes mellitus, type 1 diabetes mellitus, and dyslipidemia. In addition, a brief discussion of exercise and hypothyroidism, hyperthyroidism, and chronic kidney disease is presented. 







Obesity 
Obesity is a term that reflects excess adipose tissue. Obesity develops and progresses in humans and animals due to an imbalance of calorie intake and expenditure in which intake exceeds expenditure over an extended period of time. A genetic component is present, but the exact contribution and magnitude of genetics are uncertain (32a, 101a). However, it appears that obesity is rarely solely due to genetic abnormalities. 
Epidemiology of Obesity
Over the past 30 years, obesity in the United States has reached epidemic proportions (157). The prevalence of overweight and obesity combined in the U.S. adult population was almost 70% in 2010 (157), and recent data from the Centers for Disease Control and Prevention showed that self-reported obesity prevalence among U.S. adults was 30.4% (34). Also, 18% of youth between ages 6 and 19 are classified as obese (156). The terms overweight and obesity are defined in various ways, but in this chapter they are defined as follows: 
 
	
Overweight refers to a body mass index (BMI) between 25 and 29.9. The health risk of being overweight is less definitive than that for being obese. 
	
Obesity refers to a BMI over 30. 	Stage 1 obesity: 30.0 to 34.9
	Stage 2 obesity: 35.0 to 39.9
	Stage 3 obesity: ≥40.0



Pathophysiology of Obesity
Many chronic diseases including obesity appear to have a similar underlying pathophysiology. The cluster of conditions includes a systemic, subclinical inflammation, vascular and metabolic dysfunction, and hormonal irregularities (81, 116). Adipose tissue was previously thought of as simple fat storage depots. It is now clear that adipose tissue is metabolically active; it produces substances called adipokines (i.e., adiponectin and leptin) and other hormone-like substances that promote inflammation, metabolic dysfunction, and increased deposition of adipose tissue (122). The inflammation that accompanies excess adipose tissue results from an imbalance between pro- and anti-inflammatory adipokines. Proinflammatory adipokines facilitate metabolic, immune, and vascular dysfunction, as well as abnormal glucose and fat metabolism, excess insulin secretion, insulin resistance, and other pathophysiological changes (25, 81, 122). 
The initial factor responsible for accumulation of adipose tissue is a positive net caloric balance. Therefore the effects of dietary pattern and specific macronutrients on pathophysiology are pertinent to this discussion. Consumption of excess dietary fat, particularly saturated and trans fat, processed meats, and refined simple and processed carbohydrate, causes variable degrees of inflammation and vascular, metabolic, and immune system dysfunction (123). These foods are prevalent in excess within the American or “Western” dietary pattern (121, 202, 213). Table 4.2 provides a comparison of a Western animal-based versus a plant-based dietary pattern (a Mediterranean diet, for example). Low levels of physical activity and long bouts of sitting add to the inflammation and metabolic dysfunction (73, 174). 




Key Point
Consumption of saturated and trans fat, processed meats, and refined simple and processed carbohydrate is linked with inflammation and vascular, metabolic, and immune system dysfunction. 
Finally, the neurohormonal and physiological control of appetite is influenced both by the central nervous system and by adipokines. One example is the neurohormone leptin, a protein produced in fat cells that circulates in blood and alerts the brain that there is enough stored energy. Persons with obesity often have high levels of leptin but their brains are not receiving the message that they have adequate energy (127). This has been described as leptin resistance and is similar to insulin resistance. The pathophysiology associated with obesity includes excess plasma leptin, increased hunger, and decreased fatty acid catabolism promoting accumulation of adipose. Resistance, aerobic, and combined training have been shown to improve leptin resistance (20, 57, 110). 
Common Medications Given to Individuals With Obesity
Numerous efforts have been made to develop an effective antiobesity medication. The optimal medication obviously would result in a sustained and significant weight loss (i.e., perhaps greater than 10%) with minimal side effects and contraindications. Considering the multifactorial genetic and environmental causes of obesity, it is not surprising that a “magic bullet” has not been discovered (172). It also is essential that any medication used to promote weight loss be prescribed in conjunction with a progressive resistance and aerobic exercise training program and a healthy lower-calorie diet. See medications table 4.1 near the end of the chapter for information on Food and Drug Administration–approved medications for obesity. 
Effects of Exercise in Individuals With Obesity
This section discusses weight loss programs and research on exercise, daily physical activity, diet, and weight loss. It is particularly pertinent to emphasize that individual preference and situations are extremely important in guiding successful long-term sustainable weight loss programs. Exercise professionals must be aware of the needs and goals of clients in achieving successful weight management outcomes. 
Energy Balance
It is rare that either food restriction or increased physical activity alone can produce significant long-term weight loss in persons with obesity (86, 187). Thus the optimal strategy for weight loss and prevention of weight regain uses a combination of exercise and calorie restriction to create a daily negative caloric balance (4, 5, 48, 64, 68, 83, 137). For example, combining 250 kcal/day in exercise-related energy expenditure with 250 kcal/day in calorie restriction produces an energy deficit of 500 kcal/day. Theoretically, based on the assumption that a negative caloric balance of 3,500 kcal is equivalent to 1 pound (0.5 kg) of adipose fat, this approach should produce a weight loss of approximately 1 pound/week. Though this seems logical, individual physiological, biochemical, and genetic variations affect the real-life application of this principle; thus weight loss does not necessarily happen “as calculated” (83, 86). However, this principle works in the long term and is key to an effective weight loss program or a weight regain prevention program. 
Hill and colleagues (86), in a review article, summarized the concept of energy balance and weight loss. A positive energy balance, in which calorie intake exceeds energy expenditure, leads to excess adiposity and obesity. Energy balance is regulated through three components of energy expenditure: resting metabolic rate (RMR), the thermic effect of the digestion and assimilation of food (TEF), and the thermic effect of activity (EEPA). Obesity is the result of an imbalance in one or more of these components. Some experts suggest that a reduced calorie expenditure in physical activity (85, 86) may be the most critical factor. From a societal perspective in the United States, since the 1970s, observed increases in food intake and decreases in daily physical activity and exercise (structured physical activity) have resulted in an imbalance in calorie intake and output leading to the present epidemic of obesity (85). Pontzer (167) has suggested that the relationship between EEPA and total energy expenditure (TEE) is more complex than the current additive model (TEE = RMR + TEF + EEPA). Rather than EEPA increasing in a linear dose–response relationship, ecological and experimental data from several species suggest that TEE is constrained with respect to EEPA (i.e., TEE is maintained homeostatically within a narrow range and the body adapts to long-term increases in EEPA by reducing energy expenditure in other systems such as RMR and TEF [167]). 
In general, if a person increases energy intake above energy expenditure over an extended period of time without increasing energy output, weight gain results. As much as 60% to 80% of this weight gain can be body fat (86). Conversely, if energy expenditure exceeds energy intake, a negative energy balance is achieved and weight loss occurs. As much as 60% to 80% of this loss is body fat (86). Studies have shown that energy balance and thus body weight are best regulated at high rather than low levels of EEPA (86, 129). Food restriction is a common strategy to produce weight loss, often without concomitant increased physical activity. This strategy results in a loss of as much as 20% to 40% of lean body mass, which leads to a reduction in RMR and EEPA. 
A certain level of physical activity (EEPA) is required to maintain a healthy body weight and an even higher level to lose nonlean mass. The EEPA is the most variable of the three components—it accounts for about 15% to 30% of our daily calorie expenditure and can be manipulated upward relatively easily. Thus, increasing physical activity through exercise and nonexercise physical activity is critical to weight loss. Also if lean body mass is lost, more physical activity is required to maintain the loss of fat mass and to prevent weight regain. 
Finally, it has been established that it is easier to prevent weight gain than to lose weight over the long term (85, 86, 187). Calorie intake was more equally matched with higher levels of physical activity than with decreased levels of food consumption (86). Thus, efforts to prevent weight gain in the general population should be as assertive as those to facilitate weight loss. 
Diet and Weight Loss
Countless weight loss and fad diets are available (205). Consumers may be unaware of the drawbacks, dangers, and disadvantages of these diets. Many are based on false scientific premises while others were developed on the basis of valid scientific information that is inappropriately interpreted. Some are scientifically and behaviorally valid but virtually impossible to maintain and adhere to over long periods and therefore are not practical for most people. 
Weight loss diets can be classified into four broad categories:
 
	
Low-calorie balanced diets: Characterized by caloric restriction of around 1,200 kcal per day for women and 1,400 to 1,500 kcal per day for men. The quality of foods and the number of calories consumed are extremely important. In general, these diets are composed of low caloric density foods such as fruits and vegetables, beans, legumes, and in general a plant-based dietary pattern. 
	
Low-fat (high-carbohydrate) diets: Characterized by restriction of daily calories from fat. Often 15% to 20% and sometimes as few as 10% of kilocalories come from fat. Attention must be given to the type of fat consumed; that is, monounsaturated and polyunsaturated should be predominant in these diets. This diet also is generally a plant-based diet and should be focused on complex, high-fiber carbohydrate and lean sources of animal and vegetable protein. It can also be vegetarian. 
	
Low-carbohydrate (high-fat, high-protein, or both) diets: Restriction of carbohydrate to 50 to 150 g per day (212) or 20% to 40% of total caloric intake (69) although it may be as low as less than 10% of total daily calories. Strict limitations on refined carbohydrate (processed grains used in white pasta, white bread, processed cereals, and sugar) along with moderate to high protein and, sometimes, high fat are common characteristics of these diets. Some of these dietary plans gradually increase carbohydrate but generally are restricted to less than 150 g per day. Fat intake in some of these diets is not controlled or limited. 
	
Low-carbohydrate, low-fat (high protein) diets: These diets restrict both carbohydrate and fat while emphasizing high amounts of protein, usually of animal origin. In general, nuts, seeds, berries, and tuber plant foods are allowed, but the emphasis is on a large amount of lean meat intake. 

Although there are many variations of these broad categories, this is a convenient way to look at the dietary patterns promoted for weight loss. There are also very low calorie diets (VLCD)—less than 800 kcal per day—that are implemented under medical supervision in order to enhance safety and effectiveness and therefore outside the realm of this book. 
The basic principles of creating a negative energy balance include the following:
 
	
The total change in energy balance, called 
energy flux,
 may be important to the effectiveness of creating a negative energy balance. A greater energy flux may ensure more success than a smaller energy flux. Those individuals with the greatest energy flux (induced by a combination of reduced calorie intake and increased energy expenditure) may be more able to lose weight. Higher levels of physical activity and exercise may allow persons to regulate energy intake more effectively. On the other hand, individuals with a low energy flux (small changes in energy balance) may not be able to restrict kilocalories enough to successfully lose weight or prevent weight regain. 
	
Dietary pattern may variably affect weight loss depending on whether a person is in negative, positive, or equivalent energy balance. Studies show that specific macronutrient intake makes little difference in weight loss. In other words, a calorie is a calorie, and the type of calorie makes little if any difference. This appears to be particularly true over the long periods of time—years and decades—during which most adults gain weight. Hall and colleagues (82) found that subjects on a low-fat but relatively high-sugar diet achieved more fat loss than those on an equal-calorie, low-carbohydrate diet. Hall concluded, “We can definitely reject the claim that carbohydrate restriction is required for body fat loss” (82). In another study among young adults who were overweight and obese, isocaloric feeding after a 10% to 15% weight loss resulted in decreases in resting and total energy expenditure that were the greatest with the low-fat diet, moderate with the low glycemic index diet, and the least with the very-low-carbohydrate diet (58). 
	
When a negative energy balance is present, there is little difference in weight loss associated with high-protein, low-fat, or low-carbohydrate diets (71). However, a healthy dietary pattern that is plant based has been shown to predict successful weight loss maintenance (10, 104, 220). 
	It seems possible that moderate increases in physical activity (30 minutes per day) can prevent weight gain over the long term, but that relatively large increases in physical activity (60-90 minutes per day) are necessary to prevent weight regain (220). 
	
The challenge of maintaining a weight loss is more difficult because losing weight causes decreased energy requirements both at rest and during exercise. Therefore, after a weight loss, maintaining that loss may require increased energy expenditure (48, 219, 220). 
	
Systematic changes in the environment are needed for weight loss and to prevent weight gain. Both the food and the exercise or activity environments that support sustained healthy eating practices and physical activity are critical to weight loss and preventing weight regain (85, 202). 

In conjunction with these basic principles, it is worth noting that some people may be genetically prone to obesity (2); thus there are difficulties using traditional methods of producing a negative energy balance for intake and expenditure with food and exercise. 
Exercise Recommendations for Clients With Obesity
An important factor to consider when planning exercise for weight loss is that persons with obesity are likely to be less tolerant of weight-bearing exercise and prone to exercise-related injuries. Furthermore, the prescribed intensity, duration, and frequency interact to exacerbate the injury rate such that initially lower frequency, duration, and intensity are strongly encouraged (5, 48). In many cases, initially
using 5- to 15-minute intermittent bouts two or three times a day is recommended. The importance of a positive initial engagement with an exercise program cannot be overstated. Experts recommend gradual progression in duration from 30 to 60 minutes per session and from 150 to 300 minutes or more per week for weight loss, to prevent weight regain, and to reduce associated chronic disease risk factors (4, 48). The National Weight Control Registry (220) suggests that 60 to 90 minutes of exercise per day may be required to prevent weight regain. 
The role of resistance training as an independent contributor to weight loss or prevention of weight regain is less clear. It does not appear that including resistance training in a weight loss exercise program increases the loss of fat mass or prevents the reduced resting energy expenditure that accompanies significant weight loss (48, 91). As with aerobic exercise, resistance training alone does not appear to promote significant weight loss independent of caloric restriction. However, combining resistance training and aerobic exercise has been shown (176, 218) to be similar to aerobic exercise for bodyweight and fat loss while resistance training promotes an increase in fat-free mass. Resistance training also may improve visceral obesity and systemic inflammation (192). 
Arguably the most effective programs address increased nonexercise physical activity (NEPA) and leisure-time physical activity (LTPA) and reduced sitting time. Leisure-time physical activity refers to energy expended while engaging in recreational physical activities, and NEPA describes energy expended due to engaging in activities of daily living or non–LTPA-related activities. Prescribed increases in LTPA along with decreased sitting time can make significant contributions to the increased calorie expenditure necessary to create a negative caloric balance (105, 118). Finding ways for clients who are obese and overweight to increase daily physical activity and LTPA and to decrease sitting time appears to be critical to weight loss and prevention of weight regain. The most effective program will include regular daily exercise (300+ kcal per day), increased NEPA and LTPA, and decreased sitting time (61, 118). 
There is little question that increased physical activity and reduced calorie intake are both necessary to establish the negative energy balance required to achieve successful weight loss. Research demonstrates that weight loss programs using activity alone are not as effective as weight loss programs using diet alone. However, in both of these types of programs the total amount of weight loss is only a few pounds (~1 kg) over the long term (12 months) (9, 48, 85, 219). It also has been shown that achieving higher activity levels (2,100-2,700 kcal per week) after weight loss is necessary to prevent weight regain (48, 220). Basic logic states that both calorie restriction and increased exercise and LTPA are the most effective approaches to weight loss and weight loss maintenance. One important point to consider is that it is sometimes difficult for people who are overweight (especially those with BMIs greater than 40) to perform sufficient amounts of physical activity to lose weight. An early approach to weight loss for clients who are extremely obese is a medically supervised VLCD in combination with light-intensity, low-impact aerobic exercise and resistance training (42, 48). 
To prevent significant weight gain, clients should strive for 150 to 250 minutes per week of moderate-intensity physical activity. This amount of exercise is likely to result in only modest weight loss. Moderate-intensity activity greater than 250 minutes per week is likely to be more effective for weight loss and preventing weight regain (4, 48, 220). Table 4.3 presents basic exercise guidelines for clients who are obese. 




Exercise Modifications, Precautions, and Contraindications for Clients With Obesity
There are several precautions that the exercise professional needs to consider and be aware of when working with clients with obesity. Importantly, clients with obesity are likely to have one or more metabolic disorders such as hypertension, dyslipidemia, type 2 diabetes, or cardiovascular disease (CVD). Medical clearance is essential before starting an exercise program for most of these clients. 
 
	Clients with obesity are prone to musculoskeletal injuries and diseases, particularly osteoarthritis and hip, low back, neck, and knee pain. Thus, a carefully graded progression is critical. Also it may be helpful to emphasize that joint pain usually improves, sometimes dramatically, following weight loss of as little as 5% to 10% of body weight. Low-impact aerobic exercise may be prudent, such as cycle ergometry or moderately paced walking. 
	Both aerobic and resistance training may need to initially be performed intermittently in multiple bouts (5-15 minutes) per day. 
	The exercise professional should focus on increasing duration and frequency before increasing intensity.
	Some machines may not be usable by clients who are obese and thus adaptive equipment such as a larger seat on a bicycle ergometer may be required. 
	The exercise professional should be sensitive to the physical and emotional difficulties that the client with obesity may experience when exercising in a facility or in a group. 
	The exercise professional should encourage a client with obesity to increase daily NEPA and obtain a pedometer and initially determine his average daily steps. With this baseline measure, the client should increase daily steps by around 250 per day per week, with a goal of reaching 11,000 to 14,000 steps. This goal would include structured exercise and may take several months to achieve. 
	The exercise professional should recognize that weight loss is most effectively induced with a low-calorie diet and increased physical activity. Thus the client with obesity should be encouraged to adhere to a low-calorie, high-fiber diet that is limited in saturated and trans fat and processed carbohydrate. It is important that clients with obesity become accustomed to exercise, as exercise minimizes the loss of fat-free mass and is a key predictor of long-term weight loss maintenance. 
	Due to high risk for metabolic disorders, percent fat, weight, blood pressure, fasting blood glucose, and lipids should be assessed every three to six months. 
	For safety and as a potential motivational tool, blood pressure should be periodically assessed before, during, and after exercise to ensure safe levels and to demonstrate the postexercise hypotension that commonly occurs after an exercise bout with enhanced conditioning and weight loss. 
	The exercise professional must encourage adequate fluid intake in clients with obesity and also be attentive to maintaining a thermoneutral environment (66-72°F [19-22°C]), as persons with obesity are prone to hyperthermia. 

Preventing Weight Regain

Case Study

Mr. A, a 66-year-old retired university professor, started a weight loss program with an initial body weight of 282 pounds (128 kg), BMI of 34.4, and 33.2% body fat. A medical history revealed prediabetes (fasting glucose of 109 mg/dl), prehypertension (resting blood pressure of 136/88 mmHg), and high triglyceride (191 mg/dl) and low high-density lipoprotein (HDL) (38 mg/dl) levels. He had no history of CVD. After medical clearance and a normal physician-supervised 12-lead clinical exercise stress test, a submaximal metabolic exercise test was administered. Flexibility and muscle strength were also assessed. Mr. A was advised to exercise aerobically every other day at a heart rate of 118 to 134 beats/min beginning with 10 to 15 minutes twice per day and progressing by 10% to 15% per week to 60 minutes per session. 

A resistance training program beginning with multijoint exercise machines and specific single-joint exercises was implemented. The resistance training program was designed with an initial frequency of two or three days per week with one set and progressed over two months to three sets of 10 to 15 reps at 50% to 70% of estimated one repetition maximum (1RM). After two months, the resistance training program was advanced to three sets of 8 to 10 reps at 60% to 80% of 1RM two days per week plus a third day on which he would perform the previous program. After another two months, the program was changed to one day per week at 60% to 70% of 1RM for 10 to 15 reps per set, one day per week at 70% to 80% of 1RM for 8 to 10 reps per set, and one day per week at 80% to 90% of 1RM for 4 to 6 reps per set. 

Mr. A was initially advised by his physician and referred to a registered dietician for counseling on how to adopt and adhere to a diet that was low in total fat, high in fiber, and calorie restricted to remove 500 kcal from his daily diet and target a 1.5-pound (0.7 kg) loss per week. After a year, laboratory measurements and all tests were repeated. The table shows the changes in body composition as a result of the weight loss program. 
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Type 2 Diabetes Mellitus 
Type 2 diabetes is a disease of insulin resistance (36, 145). Normally in response to a mixed meal, blood glucose rises and pancreatic beta cells release insulin, a hormone that facilitates the uptake of glucose into muscle, fat, and other cells. Without adequate secretion and blood levels of insulin or with impaired insulin action or both, blood glucose increases to abnormal levels. Obesity is implicated because of the influence of the adipokines and their proinflammatory response, as well as the direct inhibitory effect of obesity on insulin receptors in muscle cells (117). As insulin resistance progresses, pancreatic insulin-producing cells produce less insulin, resulting in insulin deficiency and type 2 diabetes. Insulin resistance coupled with other metabolic dysfunction (45) also causes dyslipidemia in many persons with type 2 diabetes. 
In summary, insulin resistance is initially present before type 2 diabetes. It can take up to 10 years for insulin resistance to progress to the diagnosis of type 2 diabetes. However, even though the clinical diagnosis of type 2 diabetes can be delayed long after the initial insulin resistance, the pathophysiology and the associated complications (endothelial dysfunction, kidney and eye problems, sensory difficulties associated with the disease, and so on) all can and do negatively affect tissues during this time (15, 24, 113). Over 75% of type 2 diabetes cases occur among obese, inactive adults (59). Persons with a BMI >35 have up to a 30-fold greater risk of developing type 2 diabetes than persons with a BMI of <23 (38). Table 4.4 presents the definitions and classification of normal, impaired, and diabetes levels of fasting and random or postprandial (after consuming a meal) blood glucose. 




Epidemiology and Pathophysiology of Type 2 Diabetes
Approximately 29.1 million people in the United States have diabetes, and another 86 million are estimated to have prediabetes (28). There are four general classifications of diabetes: 
 
	Type 1, which is insulin dependent and thought to be the result of an autoimmune attack on the beta cells of the pancreas resulting in their destruction 
	Type 2, which is largely the result of insulin resistance
	Gestational diabetes, which occurs during pregnancy
	Diabetes due to other specific causes such as monogenic diabetes (i.e., neonatal diabetes mellitus and maturity-onset diabetes of the young), drug-induced diabetes (which may result after organ transplant or human immunodeficiency virus/acquired immune deficiency syndrome treatment), and exocrine pancreatic insufficiency (which may lead to cystic fibrosis–related diabetes) 

Approximately 90% to 95% of all cases are type 2, which in the United States was estimated at 27.85 million in 2014 (28). The prevalence of type 2 diabetes is greatest among African Americans and Hispanic Americans. Among 12- to 19-year olds of all racial groups, Li and colleagues (119) reported a prevalence of impaired fasting glucose, impaired glucose tolerance, and prediabetes of 13.1%, 3.4%, and 16.1%, respectively. Type 2 diabetes is directly and positively correlated with the mean increase in body weight over the past 2.5 decades (85), and this strong positive correlation has led to use of the term “diabesity” for type 2 diabetes (106). 
Frequently, high levels of glucose are associated with several secondary complications such as these:
 
	Coronary artery disease–myocardial infarction: 70% of persons with diabetes die of heart disease (128)
	Congestive heart failure (a complication of heart disease) (128, 150)
	Cerebral vascular accident (stroke): Diabetes is a major risk factor for stroke (28)
	Hypertension: 71% of adults 18 years or older with diagnosed diabetes have a blood pressure greater than or equal to 140/90 mmHg or are on antihypertensive medications (28) 
	Kidney disease: Diabetes was listed as the primary cause of end-stage renal disease in 44% of new cases in 2011 (28)
	High triglycerides and low HDLs are related to insulin action on adipose cells to increase storage and insulin resistance (63) 
	Eye disease: Diabetes is a major cause of retinopathy and blindness (28)
	Neuropathies and autonomic dysfunction: decreased exercise capacity, decreased heart rate response and heart rate variability, and a slow recovery heart rate (28, 47, 193, 208) 
	Peripheral artery disease (insufficient blood flow to limbs): 60% of nontraumatic amputations occur in persons with diabetes related to decreased blood flow and impaired healing (28) 

Common Medications Given to Individuals With Type 2 Diabetes
Medications table 4.2 near the end of the chapter lists the common medications used for type 2 diabetes. Medical therapy for type 2 diabetes is targeted at improving insulin resistance, reducing liver secretion of glucose, and stimulating pancreatic beta cells to secrete insulin. Initial treatment should focus on lifestyle change therapy, which has been shown in multiple studies to possibly reverse type 2 diabetes (17, 171, 189). However, for multiple reasons, a large percentage of persons with type 2 diabetes are prescribed medications. 
Effects of Exercise in Individuals With Type 2 Diabetes
Exercise has long been an essential component of the prevention and management of type 2 diabetes. Since type 2 diabetes is the result of acquired insulin resistance, the prevention and management of this disease can be conceptualized as a four-pronged strategy, depicted in figure 4.1. 



Figure 4.1  Model of lifestyle factors, medications, and effects on insulin and glucose management. 

Studies (36, 128, 180, 181) have shown that increased physical activity and structured exercise improve insulin-independent muscle glucose uptake independently of weight loss or a hypoglycemic diet. Aerobic exercise has been shown to enhance glucose delivery to exercising muscle, stimulate translocation of glucose transporter protein 4 to the cell surface, improve insulin receptor sensitivity, and increase phosphorylation and utilization of glucose intracellularly (155, 209). It has also been demonstrated that the effect of an acute exercise bout on glucose uptake persists into the recovery period (36, 128). As such, daily exercise provides an alternative mechanism (in the absence of insulin) for blood glucose disposal. 
The benefits of sustained exercise are significantly enhanced when coupled with modest weight loss (5-7%) and a low-fat, high-fiber diet (109). In the Diabetes Prevention Program Outcomes Study (46), the lifestyle intervention was significantly better than metformin in reducing the risk of developing type 2 diabetes. In adults older than 55 years, lifestyle modification resulted in a 71% reduction in the risk for developing type 2 diabetes (46). 
Key Point
Lifestyle intervention has been shown to be more effective than metformin in reducing the risk for developing type 2 diabetes.
Resistance training has been shown (36, 41, 128, 180, 181) to be safe and essentially as effective as aerobic training in the prevention and management of type 2 diabetes. In women, muscle-strengthening and conditioning activities were found (77) to be associated with a 40% reduction in risk of type 2 diabetes. If women engaged in more than 150 minutes of aerobic exercise and more than 60 minutes of resistance training per week, risk of type 2 diabetes compared to that for inactive age-matched women was reduced by 67% (77). Long-term (at least six months) resistance training increases fat-free mass, resulting in increased insulin receptors and capacity for glucose uptake. Resistance training has also been shown to stimulate glucose uptake and lower glycosylated hemoglobin in a similar manner to aerobic exercise (36, 128, 180, 181, 223). 
Recent studies have demonstrated the superior benefits on insulin resistance and glycemic control of combined resistance training and aerobic exercise in individuals with type 2 diabetes (12, 33, 41, 179). Several studies (36, 39, 128, 179) have demonstrated that glycated (or glycosylated) hemoglobin (HbA1c) levels—a long-term measure of blood glucose—improved significantly more in a combined resistance training and aerobic training group compared to resistance training–only and aerobic training–only groups, whereas improvements in blood pressure and lipids were similar among all groups. One potentially confounding factor was that the total exercise duration and caloric expenditure was greater in the combined group versus either the resistance training or aerobic training groups. It is also worth considering that accumulated bouts of aerobic exercise (e.g., three sessions of 10 minutes per day) may be as effective as one 30-minute continuous bout of exercise at improving insulin sensitivity (144). 
Key Point
Several studies have demonstrated that HbA1c improves significantly more with a combined resistance training and aerobic training program compared to a resistance training–only or aerobic training–only program. 
Exercise Recommendations for Clients With Type 2 Diabetes
Table 4.5 presents guidelines for exercise in persons with type 2 diabetes. Exercise professionals need to be aware of screening recommendations, contraindications, and precautions in clients with type 2 diabetes. All clients with type 2 diabetes should be advised to begin and sustain an individualized aerobic, resistance, and flexibility exercise program. 




Exercise Modifications, Precautions, and Contraindications for Clients With Type 2 Diabetes
There are several guidelines that the exercise professional needs to consider and be aware of when working with clients who have type 2 diabetes (5, 36, 128): 
 
	Individuals with type 2 diabetes need to be medically cleared before starting a vigorous exercise program and should undergo a thorough medical evaluation, particularly if they have any cardiovascular, kidney, nervous, renal, or visual complications or have ≥10% risk of a cardiac event over 10 years (5, 36). 
	Individuals with type 2 diabetes who have a greater than 10% risk of a cardiac event over the next 10 years should undergo a medically supervised maximal clinical exercise test before starting an exercise program (5, 36). 
	Individuals with type 2 diabetes are prone to silent
ischemia (insufficient blood flow to the heart without clinical signs or symptoms). They may need to have a clinical exercise test with radionuclide injection that allows for detection of ischemic areas of the heart (78, 128). 
	Hypoglycemia is the most common abnormal response to exercise. Hypoglycemia is clinically defined as a blood glucose of <70 mg/dl and is particularly common in individuals with type 2 diabetes on insulin or multiple oral hypoglycemic agents (36, 128). Exercise should not occur when exogenous insulin action is peaking. Thus the exercise professional must be familiar with hypoglycemic oral agents and insulin preparations (see medications tables 4.2 and 4.3 near the end of the chapter). 
	Blood glucose monitoring should be performed before and after an exercise session and when starting or progressing an exercise program (36). 
	If preexercise blood glucose is <100 mg/dl, it is prudent to have the client ingest 20 to 30 g of carbohydrate before starting exercise (recheck glucose 10 minutes after ingestion). 
	Avoid injecting insulin into exercising limbs; it is best to use an abdominal site if a type 2 diabetes client presents with a blood glucose above 200 mg/dl, and it is also prudent to check ketone bodies in urine (reagent sticks are available at most pharmacies). If no ketone bodies are present, light to moderate exercise is possible (30% to <60% O2 or heart rate reserve), but vigorous exercise (≥60%-90% O2 or heart rate reserve) should be avoided. 
	Be aware of possible dehydration, particularly if the client is hyperglycemic (207).
	For clients with retinopathy, avoid vigorous-intensity exercise and excessive elevations in blood pressure (36). Individuals with autonomic neuropathy (pathology of the autonomic nervous system) may have a blunted blood pressure and heart rate response to exercise. These clients should be referred to a medically supervised program. 
	Individuals with type 2 diabetes who have kidney disease, peripheral artery disease, or peripheral neuropathy also should be referred to a medically supervised program. 
	Be particularly cautious with vigorous exercise in all individuals with type 2 diabetes, as a high percentage of them have undiagnosed atherosclerosis of the coronary and peripheral arteries. Seventy-five percent of individuals with type 2 diabetes will die from CVD. 

Type 2 Diabetes

Case Study

Mrs. D, a 58-year-old woman with obesity and type 2 diabetes, was referred to a clinical exercise physiologist by her primary physician for lifestyle management. She is 61 inches (155 cm) tall and weighs 178 pounds (81 kg). She has a history of stage 1 hypertension treated with Lisinopril and hydrochlorothiazide. She is a nonsmoker but has a history of abnormal lipids presently not medically treated. Her physician wanted to see if type 2 diabetes and lipids could be managed with lifestyle intervention. Mrs. D reported no significant musculoskeletal issues except for several two- to four-week bouts of low back pain. She completed a physician-supervised clinical exercise stress test, which was normal. A submaximal metabolic exercise test with body composition assessment was administered. Sit-and-reach, dorsiflexion, and shoulder extension range of motion tests were performed. 

Mrs. D gradually progressed her aerobic exercise to 30 to 45 minutes per day, four days per week, at a target heart rate range of 115 to 135 beats/min. She was prescribed a general flexibility and combined aerobic and resistance training program to be done two or three days per week. The program included an 8-minute aerobic exercise warm-up, four resistance training exercises, 5 minutes of aerobic exercise, four resistance training exercises, 5 minutes of aerobic exercise, four resistance training exercises, and a 10-minute aerobic exercise cooldown incorporating flexibility exercises. She purchased a heart rate monitor and a pedometer and was advised to progress from a baseline of 5,500 steps per day to between 11,000 and 14,000 steps per day including her exercise routine. Mrs. D achieved all exercise goals. Labs and metabolic exercise test results were repeated. The table summarizes her progress and results. 
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Type 1 Diabetes Mellitus 
Type 1 diabetes is an autoimmune disease that causes the body to attack pancreatic beta cells that produce and store insulin. As a result, exogenous insulin is needed to compensate for the lack of endogenous insulin production. 
Even though type 1 diabetes was previously termed juvenile diabetes, type 1 diabetes can occur at any age. The onset of type 1 diabetes is typically by age 30, but the greatest occurrence is during puberty (19, 31, 40). The cause of the autoimmune condition is not fully known, but heredity and environmental factors are linked to a greater incidence (31). 
Epidemiology and Pathophysiology of Type 1 Diabetes
Of the nearly 30 million people in the United States who have diabetes (28), only 5% to 10% who have diabetes are type 1 and therefore are insulin dependent (19, 28, 31, 40, 206). In 2008 and 2009, more than 18,000 youth were diagnosed with type 1 diabetes, and the trend is continuing (28). By 2012, about 208,000 people of the U.S. population under 20 years of age were diagnosed with either type 1 or type 2 diabetes (28). Within this group, Caucasian children and adolescents are at the greatest risk of type 1 diabetes; worldwide, Chinese and South American people have a lower risk of developing type 1 diabetes (185). 
Individuals with type 1 diabetes need exogenous insulin via injections or an infusion pump to regulate blood glucose levels. A lack of insulin results in hyperglycemia if not treated. High blood sugar levels have a cascading effect of increasing urine production and risk of dehydration and, if unchecked, ketoacidosis can occur. When the body cannot take in the glucose from the blood into the cells (the function of insulin), the body uses fat and protein for metabolism with, in the case of fat as fuel, ketones as an acidic by-product. Accumulation of ketones lowers the pH of the blood and results in ketoacidosis, with the following common symptoms: 
 
	Dry mouth or excessive thirst
	Frequent urination
	Nausea and vomiting
	Abdominal pain
	Rapid breathing or shortness of breath
	“Fruity” breath
	Muscle weakness
	Mental confusion

Often, individuals who are unaware that they have type 1 diabetes see a physician or other health care professional for symptoms related to ketoacidosis and then are tested and diagnosed with the disease. Common tests include the HbA1c test or a random or fasting blood glucose test (133), with the result of a glucose test compared against normal values (see table 4.4). An HbA1c test reveals the average blood glucose level of the previous two to three months by measuring the percent of glucose that is attached to blood hemoglobin. An HbA1c level of ≥6.5% (7, 133) tested on two separate occasions indicates a diabetic condition, but not a distinction between type 1 and type 2 diabetes (191). If the individual is pregnant, however, an HbA1c test does not provide accurate results. 
Key Point
An HbA1c test is a valuable test for type 1 diabetes because it reveals the individual’s average blood glucose level for the previous two to three months rather than just the blood glucose level at the time of the test. 
Common Medications Given to Individuals With Type 1 Diabetes
Insulin is commonly administered using a needle and syringe, a cartridge, or a prefilled pen usually to the lower abdomen; or, alternatively, it can be inhaled or delivered via an insulin pump. Note that insulin cannot be delivered in pill form (210). The particular type of insulin that is prescribed is based on the degree and rate the individual needs to affect her blood glucose levels (6, 211): 
 
	Rapid-acting insulin reduces glucose levels within 15 minutes, but the effect lasts only for several hours.
	Short- (or regular-) acting insulin requires about 30 minutes before becoming effective but continues for 3 to 6 hours.
	Intermediate-acting insulin does not reduce blood glucose levels until 2 to 4 hours after administration, but it is effective for up to 18 hours. 
	Long-acting insulin takes several hours to begin affecting glucose levels, and it keeps levels relatively even for 24 hours.

Inhaled insulin (Afrezza) is delivered as a fine powder using an air-propelled inhaler or nebulizer to the individual’s lungs where it crosses the alveolar–capillary barrier to enter the bloodstream. At the time of this publication, Afrezza had received mixed responses from physicians and patients, however (22). An insulin pump continuously administers rapid- or short-acting versions of insulin through a catheter that is placed under the skin. If the wearer needs additional insulin, it can be administered manually (i.e., a bolus dose). 
Medications table 4.3 near the end of the chapter lists the common medications used for type 1 diabetes. 
Key Point
Insulin is categorized into four types (rapid-, short-, intermediate-, or long-acting) based on the length of the delay before the effects of the drug kick in and on the duration over which it regulates the individual’s blood glucose level. 
Effects of Exercise in Individuals With Type 1 Diabetes
Multiple studies have cited the positive effects of exercise on individuals with type 1 diabetes including reduced HbA1c levels (178, 221), improved body composition (26, 114, 152, 169), reduced high blood pressure and elevated blood lipid levels (26, 114, 152), and decreased mortality rates (112, 143). Despite its benefits, exercise can also cause hypoglycemia during (79, 84, 126, 168, 200, 201) or after the session or hours later during sleep (nocturnal hypoglycemia)
(125, 126, 200). 
Although these glucose-lowering effects of exercise are logical responses due to the pathophysiology of type 1 diabetes, not all exercise causes a hypoglycemic reaction. Several studies (194, 200) reported that only moderate-intensity exercise (40% to <60% O2 or heart rate reserve) resulted in lower blood glucose levels during or after exercise while high-intensity interval training (HIIT) caused a postexercise increase in blood glucose or at least less of a decrease (13, 55, 79, 80, 90, 197). Further, HIIT has been shown to lower the incidence of nocturnal hypoglycemia (90, 195) but not in all studies (126). 
Most of the studies that examined the effects of exercise on type 1 diabetes were based on the subjects performing aerobic exercise. The effects of resistance training on blood glucose levels are less certain (197), but research has shown that it can contribute to reducing the incidence of exercise-induced hypoglycemia (224). 
Key Point
Exercise can cause hypoglycemia during or after a workout, or hours later when the individual is sleeping. The manifestation or the extent of low blood glucose can depend on the type and intensity of the exercise session. 
Exercise Recommendations for Clients With Type 1 Diabetes
The guidelines for designing an exercise program for a client with type 2 diabetes who is taking insulin are also appropriate for a client with type 1 diabetes (37, 92). The goal is 150 minutes a week of moderate- to vigorous-intensity aerobic exercise attained via three or more weekly sessions, two or three nonconsecutive days a week of resistance training, and two or three days a week of flexibility and balance training (37). See table 4.6 for general exercise guidelines that are specific to type 1 diabetes. 




Exercise Modifications, Precautions, and Contraindications for Clients With Type 1 Diabetes
One of the goals regarding exercise and type 1 diabetes is to effectively balance the amount and timing of insulin administration with preexercise food (carbohydrate) intake and the type, duration, and intensity of the exercise session. During- or postexercise hypoglycemia can be avoided or mediated by increasing the time between the preexercise insulin administration and the beginning of the exercise session, reducing the amount of preexercise insulin, increasing the amount of carbohydrate consumed before exercising, lowering the amount of postexercise insulin, or a combination of these tactics (30, 72, 80, 92, 194). 
The decision about how much (if any) carbohydrate to eat before exercise is based on preexercise blood glucose levels and the parameters of the upcoming session (37, 225): 
 
	If preexercise glucose levels are under 100 mg/dl, consume 15 to 30 g of carbohydrate unless the duration of the session will be less than 30 minutes or at a very high intensity (no extra carbohydrate is needed) or if the session will be long (consume 0.5-1 g of carbohydrate per kilogram of body weight per hour). 
	Preexercise glucose levels between 90 and 150 mg/dl commonly necessitate carbohydrate to be ingested from the beginning of the session and throughout the session at a rate of 0.5 to 1 g of carbohydrate per kilogram of body weight per hour. 
	If preexercise glucose levels are between 90 and 150 mg/dl, delay consuming carbohydrate until levels fall under 150 mg/dl.
	Preexercise glucose levels between 250 and 350 mg/dl require a ketone test; if moderate to large amounts exist, exercise should not be performed. If ketones are low, light- to moderate-intensity exercise is acceptable, but wait until levels are under 250 mg/dl before performing high-intensity exercise. 
	If preexercise glucose levels are over 350 mg/dl, measure ketones and delay the session if they are moderate to high. If ketones are negative or at trace levels, administer an appropriate insulin correction per the orders of the client’s health care professional. If ketones are in an acceptable range, mild- to moderate-intensity exercise can begin, but the intensity should not be high until glucose levels are under 250 mg/dl. 

In addition to checking blood glucose levels before exercise, it is also important to frequently check levels during the exercise session and consume carbohydrate and adjust insulin administration as needed. Further, if the client is taking certain medications in addition to insulin (see medications table 4.3 near the end of the chapter), it may be necessary to adjust the type, timing, and amount of insulin in light of an upcoming exercise session, as some of those medications can increase the incidence of exercise-induced hypoglycemia. 
Key Point
A client who has type 1 diabetes should always check his blood glucose level before exercise to determine how to modify carbohydrate intake and insulin administration. It some instances, the individual may need to test for ketones, delay the start of the exercise session, or both. 
Type 1 Diabetes

Case Study

Mr. M, 33 years old, has had type 1 diabetes since he was a child. He has a sedentary job and an inactive lifestyle, and as a result he has gained about 10 to 15 pounds (4.5-6.8 kg) every year since graduating from college (at that time, he weighed 180 pounds [81.6 kg]). He recently decided to hire an exercise professional to improve his body composition with the hope that, by losing weight and becoming more active, he could reduce the amount of insulin he has to take each day. 

After Mr. M was cleared to exercise, the exercise professional performed an initial assessment battery consisting of the YMCA step test, 1RM bench press test, 1RM leg press test, and sit-and-reach test. The results revealed that Mr. M’s cardiovascular endurance was “poor”; his upper and lower body strength was within the 20th percentile, and his low back and hip joint flexibility was “fair.” After discussing the results with Mr. M, the exercise professional designed a beginning exercise program that included walking, resistance training, and flexibility exercises. The table shows the specific exercise guidelines for Mr. M. 





Recommended Readings

American Diabetes Association. Diagnosis and classification of diabetes mellitus. Diabetes Care 35:S64-S71, 2012. 

Centers for Disease Control and Prevention. National Diabetes Statistics Report: Estimates of Diabetes and Its Burden in the United States. Atlanta: U.S. Department of Health and Human Services, 2014. 

Colberg, SR, Sigal, RJ, Yardley, JE, Riddell, MC, Dunstan, DW, Dempsey, PC, Horton, ES, Castorino, K, and Tate, DF. Physical activity/exercise and diabetes: a position statement of the American Diabetes Association. Diabetes Care 39:2065-2079, 2016. 

Mayo Clinic. Diseases and conditions: type 1 diabetes. www.mayoclinic.org/diseases-conditions/type-1-diabetes/basics/tests-diagnosis/con-20019573. Accessed December 21, 2016. 

Tonoli, C, Heyman, E, Roelands, B, Buyse, L, Cheung, SS, Berthoin, S, and Meeusen, R. Effects of different types of acute and chronic (training) exercise on glycaemic control in type 1 diabetes mellitus. Sports Med 42:1059-1080, 2012. 




Dyslipidemia 
Dyslipidemia continues to be a growing health problem in the United States and around the world. Although genetics plays a role in the development of dyslipidemia, lifestyle factors such as diet, body weight and percent body fat, tobacco use, and exercise or physical activity levels affect the management and prevention of dyslipidemia. 
Epidemiology and Pathophysiology of Dyslipidemia

Dyslipidemia refers to abnormal blood lipoprotein concentrations and is a major risk factor for atherosclerosis, heart attack, and stroke. Dyslipidemia exists when there is an elevated blood level of low-density lipoproteins, elevated serum triglyceride concentrations, or an abnormally low level of high-density lipoproteins. Excess cholesterol, particularly oxidized low-density lipoproteins (LDLs), becomes trapped within the intima (the inner lining of arteries) and eventually builds to the point that the lumen is narrowed and blood flow is impaired. The definitions of key blood lipids include the following: 
 
	Total cholesterol (TC): This represents the total serum or plasma cholesterol.
	Triglycerides (TGs): These are lipids that are carried in the bloodstream to tissues. Most of the body’s fat stores are in the form of TGs. Triglycerides are found also in muscle and are used for energy. High levels are independently associated with high risk for atherosclerosis. 
	Chylomicrons (CMs): A chylomicron is a small fat globule composed of protein and lipid (fat). Chylomicrons are found in blood and lymphatic fluids where they serve to transport fat from the intestine to the liver and adipose tissue. High levels contribute to atherosclerosis. 
	Very low density lipoproteins (VLDLs): These are lipoproteins produced in the liver and found in the bloodstream. They are the major carriers of TGs in the bloodstream. High levels are associated with greater risk for atherosclerosis. 
	Low-density lipoproteins (LDLs): These are manufactured by the catabolism of VLDLs in the bloodstream. Low-density lipoproteins are the primary carrier of cholesterol in the bloodstream (approximately 70% of all serum cholesterol). Intermediate-density lipoproteins or IDLs are a subfraction of LDLs. Low-density lipoproteins are commonly known as “bad cholesterol” because they are the major contributor to the development and progression of atherosclerosis. There are seven different fractions of LDL based on particle size, with the smaller, more dense LDLs being more atherogenic (facilitating the development of atherosclerosis and its progression). 
	High-density lipoproteins (HDLs): These are composed of a high proportion of protein with little TG and cholesterol. High-density lipoproteins are involved in reverse cholesterol transport, which returns blood cholesterol to the liver and is protective against atherosclerosis. High-density lipoproteins are commonly referred to as “good cholesterol” and appear in two major subfractions: HDL2 and HDL3; HDL2 is a lipoprotein subfraction that is protective against atherosclerosis. 

There are five primary blood lipid classifications as provided by the National Cholesterol Education Program; see table 4.7 for a summary. 




In 2011-2012, 12.9% of U.S. citizens age 20 years and older had TC levels of >240 mg/dl, and 38.6% (non-Hispanic black men) to 48.1% (Mexican American men) of those over 20 years of age had a level of 200 to 240 mg/dl (27, 75). Among persons 20 years of age and older, 33.1% of white men and 12.4% of white women had HDLs less than 40 mg/dl (75). Among African Americans, 20.3% of men and 10.2% of women, and among Hispanic Americans, 34.2% of men and 15.1% of women, had HDLs below 40 mg/dl. Triglycerides have been shown (67, 74) to independently predict risk of CVD events. Over 10 years in the Framingham Heart Study (89), TGs decreased from a mean of 144.5 to 134.1 mg/dl in men and 122.3 to 112.4 mg/dl in women. Persons with the least increase in BMI had the most favorable improvements in HDLs and TGs. 
Of particular interest is the level of postprandial TGs in response to a high-fat Western-like meal (table 4.2 compares a Western with a prudent diet). Studies (16, 151) show that abnormal blood levels of postprandial lipids, particularly TGs, are a stronger predictor of atherosclerosis risk than fasting levels. (See Libby [120] for a description and discussion of development and progression of atherosclerosis.) 
Common Medications Given to Individuals With Dyslipidemia
Medications table 4.4 near the end of the chapter lists common medications used in the management of abnormal lipids. Severe forms of dyslipidemia are usually caused by genetic defects such as familial hypercholesterolemia, which is due to a reduction in liver LDL receptors. Hypothyroidism can cause elevated LDLs, and insulin resistance or type 2 diabetes can cause high blood concentrations of TGs and low concentrations of HDLs. 
Effects of Lifestyle Management and Exercise in Individuals With Dyslipidemia
Exercise, diet, and weight loss are powerful tools in the prevention and management of dyslipidemia. General nutrition tips for improving blood lipids include the following (202): 
 
	Lose body fat (if needed) through a hypocaloric diet and exercise.
	Consume less than 7% of calories from saturated fat and little or no trans fat each day.
	Consume no more than 20% to 30% of daily calories from fat sources and limit mono- or polyunsaturated fat to 13% to 23% of daily calories. 
	Consume no more than 200 mg of cholesterol per day (44, 93).
	Consume 0.25 cup (25 g) of berries (e.g., blueberries, strawberries) per day.
	Consume two or three fish meals (e.g., salmon, tuna, mackerel, sardines, trout) per week.
	Consume 25 g of soy protein per day.
	Consume 0.25 cup (31 g) of nuts (e.g., walnuts, almonds, pecans, pistachios) per day.
	Consume 0.5 to 1 cup (100-200 g) of cooked beans and legumes (e.g., black, pinto, garbanzo, lima, navy) four or more days per week. 
	Consume 15 to 20 g of soluble fiber per day and 35 to 45 g of total fiber per day.
	Consume whole-grain products (e.g., oats, barley, brown rice, quinoa, bulgur, whole wheat).
	Limit sugars to no more than 5% of calories (or 20-40 g) per day.
	Limit all processed foods.
	Limit alcohol to one or two drinks per day for men and one drink per day for women.

Aerobic exercise, low saturated and trans fat, and a high-fiber diet coupled with body-fat loss have been documented to decrease TGs and LDLs and increase HDLs (186). For example, an acute bout of aerobic exercise at 60% to 85% of O2max for 30 to 45 minutes lowers TGs and raises HDLs (186, 196). Further, cross-sectional studies have reported an inverse relationship between TGs and LDLs and a positive relationship between HDLs and weekly volume of aerobic exercise (214, 215). Randomized studies have also shown that chronic aerobic exercise at a level of more than 1,200 kcal per week results in a sustained decrease of TGs and increase in HDL (183, 217). Paoli and colleagues (163) also found that high-intensity circuit training (three days per week for 50 minutes each session) that included resistance training was more effective in improving blood pressure, lipoproteins, and TGs than either lower-intensity circuit training or aerobic endurance training. In conjunction, the breakdown of TGs is increased during exercise and continues to be elevated in the recovery period. However, blood lipid responses among persons engaging in aerobic exercise is variable, suggesting a possible genetic influence (216). 
Key Point
Lifestyle changes can improve dyslipidemia. This includes a low-fat diet, weight loss (if needed), and exercise (primarily aerobic exercise). 
In any case, the effects of exercise on postprandial lipids appear to show that those who exercise regularly have a lessened increase of TGs in response to a high-fat meal (186, 196). In addition, randomized studies show that exercise training results in an improved postprandial lipid response to a high-fat meal (186, 196). Some studies found that accumulated bouts of exercise were effective in reducing postprandial lipids (3, 140). Trombold and colleagues (199) recently demonstrated that iso-energetic high-intensity aerobic exercise (alternating 2 minutes at 25% and 2 minutes at 90% O2peak) was more effective than moderate-intensity aerobic exercise (60 minutes at 50% O2peak) for lowering postprandial lipids. A few studies support improved postprandial lipid levels in response to a systematic resistance training program (11, 186). The favorable effects of exercise training on postprandial lipids are most apparent when the exercise is performed 8 to 12 hours before consumption of a high-fat meal (226). 
Exercise Recommendations for Clients With Dyslipidemia
The mechanism for the benefit of exercise is thought to be an increased activity of the catalytic enzyme, lipoprotein lipase, that peaks between 8 and 12 hours after a moderate to vigorous exercise bout (186, 196, 226). This finding illustrates a subacute beneficial effect of exercise and emphasizes the importance of daily physical activity. Other studies reported that the effects of accumulated (i.e., three 10-minute bouts interrupted by 20-minute recovery periods) versus continuous bouts (30 minutes, once per day) of exercise at equivalent intensities on postprandial lipids were similar (3, 144). Although the evidence is inconclusive, it appears that clients with dyslipidemia exercising at equal intensities and caloric expenditure may improve TGs and HDLs similarly following 4 to 12 weeks of either accumulated or continuous bouts. However, in these studies, subjects did 10-minute exercise bouts interrupted by 20 minutes of rest for three bouts versus 30 minutes continuously at 50% to 70% of O2max. This is a total session time of 70 minutes, which is more time-consuming than a single 30-minute bout. Table 4.8 summarizes exercise guidelines for clients with dyslipidemia. 




Exercise Modifications, Precautions, and Contraindications for Clients With Dyslipidemia
Clients with dyslipidemia may be on medications called statins such as Lipitor, Crestor, Zocor, Pravachol, Advicor, Mevacor, or Altacor (see medications table 4.4) that may cause muscle damage or muscle pain (myalgias) (70, 164). Ganga and colleagues (70) reported that in clinical practice, approximately 10% to 25% of clients treated with a statin experienced muscle problems. Krishman and Thompson (111) reported that muscle strength was diminished among persons being treated for dyslipidemia with a statin. It appears that resistance training or weight-bearing exercise while one is taking a statin may result in more myalgias and delayed-onset muscle soreness. A study of 37 subjects randomized to aerobic exercise only (19 subjects) or aerobic exercise plus 40 mg per day of simvastatin (18 subjects) showed that after 12 weeks of training, the addition of simvastatin reduced the increase in maximal oxygen uptake and skeletal muscle citrate synthase activity (138). Maximal oxygen uptake increased 10% in the exercise-only group but only 1.5% in the combination group (138). The exercise professional needs to be alert to any unusual lingering muscle soreness and consider referral to a physician or other health care professional. When starting an exercise program, it would be wise to begin at a low level of intensity (both aerobic and resistance training) and progress gradually to reduce risk of muscle damage or soreness. 
Key Point
If a client is taking a statin, it is important to monitor for muscle soreness or pain. Exercise can worsen the muscle soreness or pain, which can be a side effect from statins. 
Clients with dyslipidemia may have secondary conditions such as CVD, type 2 diabetes, or hypertension, and as a result will need medical clearance before exercise. It is important for the exercise professional to emphasize that comprehensive lifestyle change including weight loss, a healthy diet low in saturated and trans fat and high in fiber, and regular aerobic and resistance exercise is the most effective strategy to improve dyslipidemia. 
Dyslipidemia

Case Study

Mr. B, who is 55 years old and has dyslipidemia, was referred to an exercise professional for lifestyle management. Mr. B had been on three cholesterol-lowering drugs and experienced significant myalgia of his shoulder and neck musculature and frequent headaches. The myalgia seemed to be aggravated when he attempted to increase his exercise volume or intensity, and he experienced considerable delayed-onset muscle soreness 36 to 48 hours after a vigorous exercise session. His physician placed him on Etia, a cholesterol-lowering medication that blocks cholesterol absorption. He does not have hypertension or type 2 diabetes and does not smoke. 

The goal of his exercise program was to promote weight loss, as this would likely reduce his TC, LDL, and TG levels. A balance of aerobic exercise and resistance training would be performed, with an emphasis on the aerobic component. 

After medical clearance was obtained, a metabolic exercise test was administered with a body composition analysis. Mr. B was prescribed to walk or jog every other day for 30 to 45 minutes at a target heart rate zone of 120 to 138 beats/min. Two or three days per week, he did a combined aerobic and resistance circuit for 45 to 50 minutes per session (20 minutes of aerobic exercise and 25 to 30 minutes of resistance training composed of 10 to 12 exercises at 60% to 80% of 1RM, one or two sets per exercise). His diet was low calorie, low fat, low in processed carbohydrate, and high in fiber. After five to six months of training, Mr. B was jogging 3 or 4 miles (5-6 km) three days per week for 30 to 40 minutes per session. He also progressed on the circuit, increasing loads by 40% to 50%. The table summarizes the improvements he made in several areas. 
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Hypothyroidism and Hyperthyroidism 
In hypothyroidism, or underactive thyroid, the thyroid gland does not make enough thyroid hormone to meet the body’s needs. With hyperthyroidism, or overactive thyroid, the thyroid gland makes more than the body requires. Both conditions affect one’s health in a number of ways. This, plus a number of medications that may be taken to treat the condition, needs to be considered when one is developing an exercise program. 
Epidemiology and Pathophysiology of Hypothyroidism

Hypothyroidism is a condition in which the thyroid gland (located in the anterior neck region) does not produce enough of the hormone thyroxine. The signs and symptoms of an underactive thyroid include fatigue, cold intolerance, dry skin, unexplained weight gain, puffy face, hoarseness, muscle aches and weakness, elevated blood cholesterol, stiff and painful joints, loss of bone mineral density, hair loss, depression, slowed heart rate, and impaired memory (18). If hypothyroidism is untreated it can lead to goiter (enlarged thyroid gland) or myxedema (swelling of the skin and underlying tissues), which can be fatal. 
Causes of hypothyroidism include iodine deficiency, autoimmune disease (Hashimoto’s thyroiditis), and partial or total removal of the thyroid gland (29). Stress and a diet high in simple, processed carbohydrate and saturated and trans fat may contribute to hypothyroidism (107). The prevalence of hypothyroidism is estimated to be 3% of U.S. women, while subclinical hypothyroidism is thought to have a prevalence of 7% to 10% worldwide (108). Hypothyroidism is seven times more prevalent in women than in men (139). Subclinical hypothyroidism is characterized by low serum thyroid-stimulating hormone in the presence of normal levels of triiodothyronine and thyroxine (43). Subclinical hypothyroidism prevalence increases with age and is associated with an increased risk of cardiovascular complications such as atrial fibrillation and cardiovascular mortality (108). 
Epidemiology and Pathophysiology of Hyperthyroidism

Hyperthyroidism, also called overactive thyroid, is a condition in which the thyroid gland produces and secretes excessive amounts of free (not bound to a protein) triiodothyronine or thyroxine (198). Graves’ disease is the most common cause of hyperthyroidism. 
Hyperthyroidism also can result from inflammation of the thyroid gland (thyroiditis) or from taking too much thyroid medication. In these cases, thyrotoxicosis can occur; even though the thyroid gland itself is not necessarily overactive, there is still too much thyroid hormone in the blood. The long-term effects of untreated thyrotoxicosis can lead to serious medical complications such as heart rhythm disturbances and osteoporosis (108). 
Thyroid hormone is the main regulator of metabolism. If there is too much thyroid hormone, many functions of the body speed up with the resulting symptoms of nervousness, irritability, increased perspiration, tachycardia, tremors, anxiety, difficulty sleeping, heat intolerance, and muscular weakness (18). Further, weight loss often occurs in spite of a good appetite. 
The National Health and Nutrition Examination Survey III assessed thyroid status in a randomly selected group in the United States (87) and reported that hyperthyroidism was prevalent in 1.2% of the selected group. Interestingly, 0.7% of this 1.2% were found to have subclinical hyperthyroidism with no clinical manifestation of the disease. Hyperthyroidism is approximately four to five times more prevalent among women than among men (115). 
Cardiometabolic Effects of Hypo- and Hyperthyroidism
Thyroid hormone at euthyroid (normal thyroid) levels promotes decreased systemic vascular resistance, increased resting heart rate, greater left ventricular contractility, and increased blood volume. Thyroid hormone also activates renin-angiotensin-aldosterone (hormones produced in the kidneys, arteries, and adrenal glands), which results in increased sodium absorption (108). As a result of these and other effects of thyroid hormone, there is an increase in preload of the ventricles and increased cardiac contractility. 
In hyperthyroidism, these effects are accentuated, and cardiac output can be 50% to 300% greater than normal (62). In hypothyroidism, the cardiovascular effects are diametrically opposite and cardiac output may decrease by 30% to 50% (108). Hyperthyroidism typically causes a decrease in diastolic blood pressure whereas hypothyroidism often causes an increase in diastolic blood pressure. One other important manifestation of untreated thyroid disease is that hyperthyroidism can cause a tachycardia whereas hypothyroidism may cause a bradycardia. Finally, of importance to exercise professionals is that hypothyroidism and hyperthyroidism can cause atrial fibrillation and chest pain and that hypothyroidism is frequently associated with an increase in premature ventricular contractions (108). The exercise professional must be alert to these abnormal cardiovascular effects, which can occur in individuals who have under- or overtreated hypothyroidism or hyperthyroidism. 
Another sign of hypothyroidism is an elevation in TC and LDL levels (108). When hormones produced by the thyroid gland are low, the body does not break down and remove LDLs as efficiently as usual. As a result, an individual with hypothyroidism may be taking a cholesterol-lowering medication (see section on dyslipidemia).
Both hypothyroidism and hyperthyroidism are associated with a reduced exercise capacity. Subclinical hypothyroidism also is associated with several cardiorespiratory and metabolic abnormalities that result in impaired exercise capacity (102, 103, 136). Table 4.9 summarizes some negative effects of hypothyroidism and hyperthyroidism on muscle metabolism and exercise capacity. 




Common Medications and Treatment Given to Individuals With Hypo- and Hyperthyroidism
Treatment for hypothyroidism involves thyroid replacement therapy; the type of hormone administered is commonly a synthetic version of thyroxine such as levothyroxine. Because thyroxine affects almost all of the systems in the body, thyroid replacement therapy can cause a wide range of side effects on heart function, nervous system activity, muscle control, and overall metabolism (182). Therefore, thyroid replacement medication effects on submaximal and maximal exercise include tachycardia and elevated blood pressure (182). 
The goal for treatment of hyperthyroidism is to relieve the effects of thyrotoxicosis (108). Antithyroid drugs such as propylthiouracil (PTU) and methimazole are effective because they inhibit thyroid hormone synthesis in the thyroid gland (182). Care must be taken, as antithyroid drugs can cause thyroxine levels to swing to hypothyroidism. Commonly, individuals start out with a higher dose and then adjust until euthyroidism is achieved. 
Thyrotoxicosis causes an increase in the number of catecholamine receptors, so β-blockers are sometimes prescribed to reduce catecholamine response. The resulting effect on exercise is a decreased exercise heart rate and blood pressure that necessitates using rating of RPE rather than a target heart rate as an indicator of exercise intensity. 
Medications tables 4.5 and 4.6 near the end of the chapter summarize medical therapy for both conditions. 
Effects of Exercise in Individuals With Hypo- and Hyperthyroidism
For individuals with hypothyroidism, exercise can help promote weight loss, reduce cholesterol levels, increase metabolic rate, reduce stress, and improve mood state. For hyperthyroidism, potential benefits from exercise include reduced stiffness in the joints and muscles, a positive impact on bone mineral density, and increased muscle tissue. The common exercise benefits (e.g., increased aerobic capacity, increased muscular strength) are also achieved in individuals with thyroid disease. 
Exercise Recommendations for Clients With Hypo- and Hyperthyroidism
The main goal of therapy for hypothyroidism and hyperthyroidism is to establish a euthyroid state (normal thyroid hormone levels). The exercise professional needs to be alert to the signs and symptoms of hypothyroidism and hyperthyroidism (see earlier discussions) and refer clients to medical professionals if needed. Once a euthyroid state is established, exercise guidelines for apparently healthy individuals can be applied. 
Table 4.10 presents general guidelines for clients with hypothyroidism and hyperthyroidism who have been successfully treated to a euthyroid state. 




Key Point
Exercise guidelines for hyperthyroidism and hypothyroidism essentially follow the guidelines for apparently healthy persons, provided that the hormone replacement results in a euthyroid state. The exercise professional needs to know the signs and symptoms of thyroid disease and adjust the exercise program accordingly. 
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Chronic Kidney Disease 
Chronic kidney disease is a progressive, long-term disease of the kidneys. Chronic kidney disease is divided into five stages based on kidney glomerular filtration rate (the rate at which the nephrons filter the body’s fluids) and the presence and extent of kidney damage (149). The stages of chronic kidney disease range from stage 1, in which glomerular filtration rate is normal (but some kidney damage is present), to stage 5, in which there is severely impaired filtration and the kidneys function at less than 75% of normal. All stage 5 individuals require dialysis and become candidates for renal transplant (end-stage renal disease or ESRD). The majority of individuals with chronic kidney disease have either diabetes, hypertension, or both (175). 
Epidemiology and Pathophysiology of Chronic Kidney Disease
The kidneys are the filtration system for the body. All of the blood in the body circulates through the kidneys. They are designed to filter toxins, waste products, and other materials for elimination through urine. They also function to return fluid and other constituents of blood back to circulation as part of the filtering process. Renal microstructure is composed of millions of microscopic nephrons, which are the anatomical filtering structures. At the center of each nephron is the glomerulus, where filtering occurs. Simply put, blood is circulated through nephrons, which absorb waste products and return fluid and nonwaste material back to circulation. The waste products and retained fluid are then transported to the bladder in the form of urine. Normal urine is composed primarily of water and the waste products filtered out by the nephrons. 
Damage to the nephrons via high levels of glucose, blood pressure, inflammation, and other mechanisms impairs their ability to filter waste products. In this state, blood returning to the circulation has increasing concentrations of waste products. These waste products damage organs and tissues in the system and produce progressive damage to nephrons, further hindering their ability to work normally. The end result of this disease process is progressive renal dysfunction and general end-organ (e.g., heart and liver) damage and dysfunction. 
The pathophysiology of many chronic diseases predisposes a person to develop renal dysfunction and eventually ESRD. Causative factors that lead to chronic kidney disease and ESRD (and their underlying pathophysiology) are similar to those for many other chronic diseases. Chronic systemic inflammation, vascular dysfunction, and insulin resistance are part of the kidney dysfunction that leads to chronic kidney disease and ESRD (175). Approximately 13% of adults in the United States have chronic kidney disease defined as a glomerular filtration rate of less than 60 ml per minute, and 44% of persons over 65 years of age meet this criterion (170). 
Exercise testing may not be necessary in these individuals because they are limited by muscle fatigue, and a test is often a barrier to participation in an exercise program (5). Testing, if undertaken, and exercise training for those with chronic kidney disease should be administered by trained medical professionals in a medical environment (159, 184). Research (158, 159) has shown that functional capacity in individuals with ESRD is 60% to 70% of the functional capacity of age- and sex-matched peers without ESRD and, with training, can be increased by about 17%. A review and meta-analysis of studies assessing exercise tolerance in individuals on dialysis treated with erythropoiesis-stimulating agents found a 23.8% increase in O2peak after treatment (98). Most individuals with chronic kidney disease can exercise, and those with ESRD often can exercise while receiving dialysis treatment (95, 96, 141, 162, 177). Moore and colleagues (142) found that most, but not all, individuals with ESRD who train with stationary cycling during dialysis improve their O2peak. In this study, individuals who improved O2peak had an increased tissue oxygen extraction rate, suggesting that oxygen delivery is not always the limiting factor in individuals with ESRD. Painter and colleagues (160) also reported that exercise training after renal transplantation resulted in higher levels of measured O2peak and self-reported physical functioning. The most common issue with exercise in this population is that the progressive nature of ESRD leads to increasing physical inactivity and very low levels of physical functioning (97), thus emphasizing the need for structured and individualized exercise programs in this population (95, 158, 184). 
Key Point
The progressive nature of ESRD leads to decreased physical activity and very low levels of physical functioning. This population benefits from a structured, individualized exercise program to stave off inactivity. 
Common Medications Given to Individuals With Chronic Kidney Disease
There is a long and complex list of medications used in ESRD; consult the medications tables provided in the sections on type 2 diabetes, dyslipidemia, and hypertension (chapter 6), as the majority of individuals with ESRD are on several of these medications. The use of pharmaceutical therapy in these individuals is primarily aimed at treating the signs and symptoms of the disease, the associated comorbidities (e.g., coronary heart disease, type 2 diabetes, hypertension, and dyslipidemia), and other conditions associated with the onset and progression of ESRD (101, 170). 
Most commonly, these individuals are on a diuretic to prevent edema and fluid accumulation, an antihypertensive (if hypertension is present), and hypoglycemic drugs if type 2 diabetes is present. Many individuals with chronic kidney disease are treated for anemia (148), often with an erythropoietin-stimulating agent. The exercise professional must be knowledgeable and informed about these medications. 
Key Point
An erythropoietin-stimulating agent, a drug used to treat anemia, is often administered to individuals with chronic kidney disease. 
Effects of Exercise in Individuals With Chronic Kidney Disease
The effects of exercise in people with ESRD are similar to those in apparently healthy people. Exercise training has been successfully used in individuals with ESRD during dialysis (158). These studies demonstrate that cardiovascular endurance exercise does improve functional capacity in individuals on dialysis (94-96, 141, 158, 162). The effects of both aerobic and resistance training in people with ESRD appear to be similar to those in persons without chronic kidney disease or ESRD but somewhat moderated through unknown mechanisms. Increased functional capacity as measured by a 6-minute walk test or other valid assessments of functional capacity has been demonstrated in individuals with ESRD (158). An increased ability to carry out activities of daily living, as well as increased overall physical activity and functioning, has been reported (158). Studies of resistance training in individuals with ESRD have demonstrated increased muscle strength as well as other anabolic effects (94, 99, 100). 
Aerobic and resistance exercise have been shown to reduce cardiovascular risk factors, and studies have reported a variety of beneficial effects including reductions in oxidative stress, inflammation, and blood pressure in clients with chronic kidney disease or ESRD (94, 95, 100, 158, 161, 177, 184). 
Exercise Recommendations for Clients With Chronic Kidney Disease
The exercise recommendations for clients with chronic kidney disease or ESRD are similar to those for older adults and the management of comorbidities such as diabetes and hypertension (94, 96, 99, 158). It is advised that these recommendations be considered in light of each client’s functional capacity. Medical clearance should be obtained before exercise programming. The exercise program should include aerobic and resistance training (184) and flexibility exercises. Exercise guidelines for clients with chronic kidney disease or ESRD include performing aerobic endurance training most or all days of the week at a moderate intensity of 40% to <60% heart rate reserve or 12 to 13 RPE. Clients should aim for 20 to 60 minutes of activity, whether intermittent or continuous, with an overall goal of 150 minutes of aerobic endurance activity per week, depending on the level of physical functioning. Caution is recommended for vigorous intensity exercise (5). Resistance training can be done two or three days a week, with one set of 10 to 15 repetitions per exercise at 70% to 75% 1RM (5). 
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Conclusion 
A key point of this chapter is that chronic metabolic disorders such as obesity, type 2 diabetes mellitus, type 1 diabetes mellitus, and dyslipidemia are largely preventable and that it has been consistently shown that inclusion of regular exercise and a healthy diet can significantly reduce the risk of contracting these diseases. The role of exercise in the management and treatment of these common metabolic disorders has been demonstrated to be safe and effective. Exercise professionals can play a key role in the support of individuals with metabolic diseases; however, a thorough understanding of the signs and symptoms, associated medications, and response to exercise for individuals with metabolic diseases is necessary. 
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Study Questions
 
	Which of the following is considered to be the most essential behavior to prevent weight regain? 	60 to 90 minutes a day of physical activity
	regular assessment of leptin levels in the blood
	3 days per week of a comprehensive resistance training program
	restriction of the level of carbohydrate in the diet, especially simple sugars


	Which of these lipid-related blood elements is properly defined? 	chylomicrons: the primary form of fat in the body
	triglycerides: most likely contributor to atherosclerosis
	low-density lipoproteins: primary carriers of blood cholesterol
	very low density lipoproteins: remove cholesterol from the blood vessel walls


	Which of the following exercise limitations or symptoms is likely to be present in a hyperthyroid client? 	reduced heart contractility
	faster heart rate recovery
	higher heart rate but slower response to increase of intensity
	lower blood pressure but higher rate of respiration during exercise


	Which of the following exercise parameters falls outside the recommended exercise prescription for individuals with chronic kidney disease? 	An RPE between 14 and 16 is recommended.
	Exercise should be done only following medical clearance.
	Aerobic exercise should be performed most days of the week.
	Clients should accumulate at least 150 minutes of aerobic exercise per week.
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After completing this chapter, you will be able to
 
	understand the distinguishing physiological and physical characteristics of asthma, exercise-induced bronchoconstriction, pulmonary hypertension, chronic obstructive pulmonary disease, chronic restrictive pulmonary disease, and cystic fibrosis; 
	recognize and identify the major signs or symptoms of asthma, exercise-induced bronchoconstriction, pulmonary hypertension, chronic obstructive pulmonary disease, chronic restrictive pulmonary disease, and cystic fibrosis; 
	understand the major medication groups and their effects on individuals and the exercise response for those with asthma, exercise-induced bronchoconstriction, pulmonary hypertension, chronic obstructive pulmonary disease, chronic restrictive pulmonary disease, and cystic fibrosis; 
	identify, program, and administer appropriate exercise for asthma, exercise-induced bronchoconstriction, pulmonary hypertension, chronic obstructive pulmonary disease, chronic restrictive pulmonary disease, and cystic fibrosis; and 
	understand modifications, precautions, and the need to terminate exercise for asthma, exercise-induced bronchoconstriction, pulmonary hypertension, chronic obstructive pulmonary disease, chronic restrictive pulmonary disease, and cystic fibrosis. 

Regular physical activity promotes health and provides positive benefits to those suffering from chronic heart disease, diabetes, and other ailments; however, benefits of regular exercise for individuals with lung disease are less clear. Reduced corticosteroid use, improved quality of life scores, and decrease in severity of exercise-induced bronchoconstriction (EIB) have been associated with improved cardiopulmonary fitness from aerobic exercise (231, 309). Yet paradoxically, there is evidence that aerobic endurance exercise may contribute to asthma and EIB (280, 281). Likewise, air pollution has been associated with new-onset asthma and chronic obstructive pulmonary disease (COPD) (121, 151, 175, 248). This chapter explores the beneficial and detrimental effects of exercise as related to asthma, pulmonary hypertension, COPD, chronic restrictive pulmonary disease, and cystic fibrosis. 



Asthma 

Asthma is a chronic inflammatory lung disease that affects an estimated 25 million people in the United States, 6 million of whom are children (8, 54). In the United States, medical costs are estimated to be over $53 billion per year, and more than 10.5 million school days are lost annually because of asthma (7). Asthma results in approximately 3,500 deaths annually (9 per day) in the United States (53). Although roughly 90% of all individuals with asthma have a bronchoconstricting response to exercise and exercise can trigger a severe exacerbation, exercise-related asthma deaths are relatively uncommon with approximately nine per year in the United States (34); in these, mild intermittent or persistent asthma was identified. 
Exercise-related exacerbations generally occur in approximately 10% of the population (248, 251); however, in some sports the prevalence is much higher. For example, with ice rink athletes, Nordic skiers, and swimmers, the prevalence of EIB is greater than 25% (210). Exercise-induced bronchoconstriction occurs in people with apparent asthma and those without apparent asthma. In either case, the mechanism is inflammatory; however, the precise trigger may differ from person to person (231, 309). 
Key Point
Asthma is a chronic disease of the lungs characterized by airway inflammation, which leads to airway remodeling and hyperresponsiveness.
Pathology and Pathophysiology of Asthma
Asthma prevalence in the United States has increased dramatically in the last 30 years (53); however, this increase may in part be due to increased asthma awareness and overdiagnosis (190). Airborne pollutants from a variety of combustion sources (e.g., coal- and oil-burning furnaces, internal combustion engines and high automobile traffic, and gas cooking stoves) as well as high ozone levels can aggravate existing asthma and may be responsible for new-onset asthma in individuals who are genetically susceptible (162, 199). Changes in bacterial and viral infections, altered microflora, and diet may also contribute to allergic disease (278). Reduction in infection and contact with the microbial environment during prenatal and early life (i.e., the hygiene hypothesis) can affect the maturation of a normal immune response (155). Diminished microbial exposure during infancy may also affect sensitization to allergens (38, 158). Immune responses are primed in utero and reshaped during postnatal allergen exposure. The sensitivity to environmental antigens depends on the immunologic memory initiated during antigen encounters of early life (154). 
Low socioeconomic status (SES) is associated with unfavorable conditions of high allergens such as dust mites, cigarette smoke, and cockroaches (318). Exposures have also been identified as a risk for the development of asthma (46). Asthma severity and related mortality are twice as common in persons with low SES; however, the prevalence of asthma is greater among those with high SES (301). This may be related to better health care and asthma diagnosis in the high-SES population. 
A high prevalence of asthma has been reported for African Americans (109, 167). African Americans also suffer from a fourfold higher asthma mortality rate than Caucasians (202). Even after SES factors were accounted for, African Americans and Hispanics were shown to be at greater risk than Caucasians for both adult and childhood onset of asthma (188). 
Several studies (47, 52, 302) suggest that asthma is a risk factor for obesity because of decreased exercise in this population, although recent studies (31) support obesity as a risk for asthma. Airway obstruction and peak flow variability are increased in obese populations while a decrease in fat mass and body mass index is related to improved airway function. 
In asthma, mast cells, eosinophils, T lymphocytes, macrophages, neutrophils, and epithelial cells may all be actively involved in the inflammatory process and airway hyperresponsiveness (63, 309). Symptoms of asthma include recurrent episodes of wheezing, breathlessness, chest tightness, and coughing (especially during the morning and night, or in response to allergen exposure or exercise). Asthma episodes are associated with airflow obstruction that typically resolves spontaneously within 1 hour (309). An acute response is characterized by activation of airway inflammatory cells, whereas the subacute response involves persistent inflammation from resident inflammatory cells in the airway causing more persistent inflammation. Chronic inflammation, characteristic of moderate to severe asthma, is defined by resident inflammatory cells, airway remodeling, and persistent respiratory symptoms. Figure 5.1 reveals the structural changes in a person with asthma. 



Figure 5.1  Schematic of a normal airway and a constricted airway of a person with asthma. Note the smooth muscle constriction, thickened mucosal layer, thickened basement membrane, denuded epithelium, and increased inflammatory cells of asthmatic airway. 

Based on D. Doeing and J. Solway, 2013, "Airway smooth muscle in the pathophysiology and treatment of asthma," Journal of Applied Physiology 114:834-843. 
Degrees of Asthma Severity
A variety of factors or indices are used to classify asthma status; however, a key indicator of severity is the degree to which medication is needed to alleviate the symptoms (63). A classification system is shown in table 5.1. 




Pathology and Pathophysiology of EIB

Exercise-induced bronchoconstriction is defined as a transient narrowing of the airways during or after the cessation of exercise (231). This response typically resolves spontaneously within an hour postexercise. According to most diagnostic criteria, EIB is defined as a 10% or greater decrease in forced expiratory volume in the first second of a maximal exhalation (FEV1). Exercise-induced bronchoconstriction can occur in those with apparent asthma and those without apparent asthma. Exercise is the most common instigator of an asthma attack. This hyperresponsive reaction to exercise occurs in approximately 90% of individuals who have asthma and, for those who have mild asthma, EIB may be the only apparent expression of the disease (14). 
Key Point
Exercise-induced bronchoconstriction (EIB) is a condition in which there is a narrowing of the airways during or following exercise. 
Exercise-induced bronchoconstriction prevalence has been estimated to be 4% to 20% in the general population (25, 231, 309, 313) and 11% to 55% in specific sport populations (183, 193, 252, 310, 313), with the highest prevalence found in winter sport athletes (310). 
Exercise-induced bronchoconstriction is typically instigated by water loss from the airway surfaces consequential to the humidification of inspired air during exercise (15-17). Exercise-related inflammation and airway hyperresponsiveness can also be related to the allergen response or inhalation of airborne pollutants during exercise. Following the humidification process consequential to dry air inhalation, water loss from the airway surfaces increases osmolarity in airway cells; this is followed by an influx of water into the cells to restore osmolarity and trigger an inflammatory mediator release, which subsequently causes bronchial smooth muscle constriction (231, 309). The severity of the exercise-related response is determined by ventilation rate, ambient air water content and temperature during exercise, and the presence of an allergen (231). 
Normally, water loss from the humidification process in the airways is continuously replenished via epithelial cells and submucosa (13, 60); however, evidence indicates that alterations in the subepithelial basement membrane may be in part responsible for an observed decrease in the ability to adequately respond to this airway surface evaporative water loss (169, 179). This may necessitate the recruitment of smaller airways into the humidification process, enhancing airway hyperreactivity (13). 
Although the exercise environment may be the primary determinant of the EIB response in individuals with and without apparent asthma, it has been postulated that the mode of exercise may play a role, albeit minor, when ventilation is affected (252). For example, the prevalence and intensity of EIB are lessened when the mode of exercise is swimming and the environment is a pool, where the temperature is relatively warm and humidity is very high (51). However, to the contrary, high airway hyperresponsiveness and asthma have been identified in competitive swimmers; high trichloramine levels at the pool surface are thought to be the cause (51, 263). In stark contrast to an indoor swimming pool, the environmental conditions of an indoor ice arena include low temperatures and humidity in conjunction with high levels of particulates and pollutants (figure 5.2). The ultrafine particles emitted during ice resurfacing have been shown to exacerbate the asthmatic response, and chronic exposure can result in new-onset asthma (121, 193, 238, 249). 



Figure 5.2  Particulate matter (<1.0 mm in diameter) measured in outside air and at ice level in seven ice rinks during prime usage hours (29 measurements). Note that the particulate matter concentration in the ice arena air is more than 20 times greater than that of the ambient air outside of the ice arena. 

Data from K. Rundell, 2003, "High levels of airborne ultrafine and fine particulate matter in indoor ice arenas," Inhalation Toxicology 15: 237-250. 
Therapy of Asthma and EIB
Although a cure is currently unknown, several pharmacotherapeutic agents are effective in the treatment of asthma and EIB. These treatments can support the removal or attenuation of airway inflammation and accompanying symptoms that allows the individual with asthma or EIB to lead a normal, physically active life. The key to a successful treatment, however, is the design of an individualized treatment strategy. 
Medical intervention can control respiratory symptoms and offset lung function decline over time. Optimal treatment is the elimination of or reduction in airway inflammation and exacerbations, to minimize the use of rescue inhalers, and to reduce emergency department visits and hospitalizations. Successful treatment should strive to achieve optimal baseline pulmonary function and a reduction of symptoms. 
Common Medications Given to Individuals With Asthma and EIB
Classic medications to treat asthma and EIB can be divided into two primary categories; however, a novel class of biologics called monoclonal antibodies has emerged that demonstrates efficacy in moderate to severe allergic asthma and high eosinophilic asthma (35, 146). Because asthma is considered a disease of chronic airway inflammation, one group of medications, known as controllers, aims to provide long-term control by reducing inflammation. Medications in this category are taken on a daily basis and provide the foundation for asthma management (62). Other medications, known as relievers, are used to relieve acute obstruction, bronchoconstriction, or both. Drugs in this category are taken on an as-needed basis and are often used to supplement the controllers (41, 67, 231, 309). 
Inhaled Corticosteroids
The National Institutes of Health defines anti-inflammatory medications as those that decrease inflammatory markers, resulting in reduced airway hyperresponsiveness (67). Inhaled corticosteroids (ICSs) are an effective, frequently used anti-inflammatory medication in the treatment of asthma (67, 314). Inhaled corticosteroids present significantly fewer adverse effects than oral corticosteroids (OCSs) and are generally well tolerated (35, 67). With long-term use, ICSs improve pulmonary function and reduce inflammation in individuals with asthma and also improve control of bronchial hyperresponsiveness (BHR). Despite that, ICS treatment plans longer than three weeks have shown diminished improvements in resting FEV1 (296), peak expiratory flow (PEF) (28, 108, 136), frequency of symptoms (28, 108), and BHR (136, 231, 309). 
Leukotriene Modifiers
Leukotriene modifiers demonstrate efficacy in providing prophylaxis (preventive treatment) for asthma and EIB; however, their effectiveness varies between individuals, with protection ranging from none to 100% (89, 116, 309). Additionally, leukotriene modifiers can allow a reduction in the dose of an ICS (89, 164). Thus, while it appears that leukotrienes are involved in the pathogenesis of asthma and EIB, evidence that leukotriene modifiers are not 100% effective (250, 309) supports the notion of multiple mediator involvement in airway inflammation and BHR. However, it should be noted that leukotrienes seem to play a primary role in eosinophilic asthma (138). 
β2-Adrenergic Agonists 
β2-adrenergic agonists are potent bronchodilators used in prophylaxis and rescue from acute asthma exacerbation and EIB and are one of the most effective preventive therapies for EIB (309) because they improve pulmonary function in nearly all individuals suffering from EIB (18). 
The short-acting β2-adrenergic agonists (SABAs) are functionally similar to long-acting β2-agonists (LABAs); they relax airway smooth muscle, improve air flow, decrease vascular permeability, and moderately inhibit mediator release (67, 314). Long-acting β2-agonists are effective only for a short duration, with a peak bronchodilatory effect within 60 minutes of administration (231, 309). Common recommendations include one inhaler per month as the maximal dosage; daily use implies a need for improved asthma control (i.e., via an ICS) (314). For example, it is recommended that if SABAs are used more than two or three times per week, an alternative treatment plan, such as the use of corticosteroids, should be examined and implemented (231). Moreover, SABAs were not found to prevent postexercise decreases in FEV1 in elite speed skaters when compared to no medication (313) (figure 5.3). 



Figure 5.3  Postexercise decreases in FEV1 before and following a SABA treatment in eight EIB-positive elite short track speed skaters. Values are for the greatest decrease in FEV1 measured at 5, 10, or 15 minutes postexercise. No significant improvements from β2-agonist intervention were noted for any pulmonary function measured. Initial testing was done during the 1998 season and follow-up testing was done during the 2000 season. 

Data from R.L. Wilber, K.W. Rundell, and D.A. Judelson, 2001, Presented at the Thematic Poster Session, Science in Winter Sports, under the title “Mid expiratory flow rates of cold weather athletes with exercise induced asthma.” 
Long-acting β2-agonists function similarly to SABAs (i.e., prevent bronchoconstriction and improve expiratory flow), thereby reducing the frequency and intensity of asthma, EIB episodes, or both (33, 70). The effects of a LABA may last up to 12 hours, which can be particularly helpful for individuals with overnight asthma symptoms (219). Long-acting β2-agonists have, however, been associated with increased mortality risk, so it is unclear whether daily use is safe. In conjunction with this, daily use of at least one LABA (salmeterol) has been shown to result in rapidly diminishing effectiveness of its long-duration effects in as little as one month (66). It should also be noted that LABAs are not recommended as standalone medications and should be used only in conjunction with an ICS. 
A summary of medications given to individuals with asthma and EIB is found in medications tables 5.1 and 5.2 near the end of the chapter. 
Effects of Exercise in Individuals With Asthma and EIB
As previously mentioned, a higher prevalence of asthma and EIB has been found in cross-country skiers, ice rink sport athletes, and swimmers (51, 248, 263), with respective causes likely from high minute ventilation breathing of cold dry air, air high in combustion emission pollutants, or air with high trichloramine levels found in indoor pool air. Exercise in high-ozone air has also been shown to cause acute decreases in lung function in both the asthmatic and nonasthmatic populations (248, 263). Most recently, long-term exposure to ozone while exercising has been related to the development of new-onset asthma in the child athlete (163). Studies on elite Nordic skiers (252, 313), ice rink athletes (193, 238, 251, 313), swimmers (110, 263), and youth soccer players (121) support the development of new-onset asthma and EIB from exercise-induced oxidative stress. 
Key Point
While approximately 10% of the general population exhibits EIB, considerably greater prevalence is reported in sport participants such as cross-country skiers, ice rink athletes, and swimmers. 
Most individuals with asthma are susceptible to EIB, yet their ability to exercise is often not limited (248). In cases in which resting lung function is impaired, exercise can be compromised (248). However, most individuals with asthma are able to exercise, compete in sports symptom-free, and improve their overall quality of life (80). Note that despite an extensive review paper by Del Giacco and colleagues (79) concluding that moderate-intensity (40% to <60% O2 or heart rate reserve) aerobic exercise improves cardiovascular fitness in a person with asthma or EIB, there is not consensus that exercise creates an improvement in baseline lung function or BHR (50). 
A 24-week study by Dogra and colleagues (84) included three aerobic training sessions a week at a minimum of 70% of maximal heart rate (MHR)—with a 5% increase every three weeks to a minimum of 85% MHR—and one set per week of resistance training exercises targeting the major muscle groups. Halfway through the program, participants followed a self-administered program that allowed personalization; for example, exercise mode was based on individual preference (outdoor jogging, treadmill, recumbent or upright cycling, and elliptical or rowing machines), and five weekly sessions were encouraged. The result was a significant improvement of measures of quality of life, asthma control, and aerobic fitness. 
The EIB response typically occurs after exercise is stopped in the 6- to 8-minute-duration challenge test, but during longer bouts of exercise a gradual decline in lung function occurs and is followed by a larger fall in FEV1 upon the cessation of exercise (32). Type of exercise (constant vs. interval), intensity, and duration determine whether bronchoconstriction occurs during or at cessation of exercise, or not at all (32). 
Lung function in the EIB challenge test most often involves bronchodilation during the exercise bout followed by falls in expiratory flow rates 5 to 20 minutes after exercise (125, 277). The exercise bronchodilation is likely attributable to the larger tidal volumes during exercise causing airways to be stretched open, thus providing a mechanical protection against EIB (32). 
After tidal volume decreases when exercise is stopped or intensity decreased, bronchoconstrictive influences dominate. Beck and colleagues (32) found that during 36 minutes of steady-state exercise, an initial bronchodilation occurs within the first few minutes, followed by a steady decline in lung function for the remaining period of exercise. Until this study, the decline in exercising lung function had gone unnoticed simply because challenge tests were of short duration. During interval exercise, lung function in the individual with asthma fluctuates with exercise intensity; it increases with high intensity and decreases during the rest interval. Beck and colleagues (32) also evaluated lung function during 36 minutes of interval exercise consisting of 6-minute alternating moderate- and light-intensity bouts. Lung function demonstrated a gradual fall during the 36-minute exercise period with a pattern of improvement during the moderate-intensity period and deterioration during the light-intensity period (figure 5.4). 



Figure 5.4  Change in FEV1 and FEF50
during and after 36 minutes of interval-type exercise, alternating 6-minute periods of moderate- and light-intensity exercise. Note the dynamic nature of pulmonary function between exercise intensities but the overall decline over 36 minutes. 

Based on K.C. Beck, K.P. Offord, and P.D. Scanlon, 1994, “Bronchoconstriction occurring during exercise in asthmatic subjects,” American Journal of Respiratory and Critical Care Medicine 149: 352-357. 
Exercise Recommendations for Clients With Asthma and EIB
The prevalence of asthma and EIB in clients and athletes who compete in environments that are known to trigger asthma and EIB attacks (e.g., cold and dry) supports the fact that exercise is possible for clients with these conditions. Exercise prescription recommendations for clients with asthma and EIB should be based on the results of exercise testing and assessment, including a bronchial challenge test, so the exercise professional is aware of the client’s threshold and response to exercise intensity, duration, mode, and, when possible, environmental stimuli. 
It is important for clients with asthma and EIB to have adequate control of their symptoms and condition before initiating an exercise program. Commonly, aerobic exercise is paired with pharmaceutical therapy as a method to improve BHR, exercise capacity, and quality of life in clients with moderate or severe asthma (101, 114). The exercise professional should be aware that clients with asthma or EIB typically use a preexercise (15 minutes) medication such as a SABA, a mast cell stabilizing agent, or an inhaled anticholinergic agent (231). In conjunction, clients with asthma or EIB often take a daily controller medication that may include an ICS or leukotriene receptor antagonist (231). Although this comprehensive strategy greatly reduces the risk of the exercise session causing an adverse event (107), it is still recommended that the client and exercise professional, with input and approval from the client’s physician or other health care professional, determine an individualized action plan before starting a program in case of an exacerbation of symptoms. 
Exercise guidelines for clients with asthma or EIB include several specific recommendations. First, a 10- to 15-minute preworkout warm-up is highly recommended (176, 231, 276). An effective warm-up—especially using variable or interval high-intensity exercise, as opposed to continuous high- or light-intensity exercise (231, 276)—may produce a refractory period up to 2 hours (231) that reduces a client’s propensity to develop EIB (203). 
The intensity and duration of an aerobic workout need to begin at a lower level and gradually progress so as to not cause an exacerbation of symptoms. As a client’s fitness level improves, the exercise professional should strive to assign an intensity of 40% to <60% O2 or heart rate reserve for 20 to 60 minutes three to five times a week using an exercise mode that involves rhythmic and continuous movement of large muscle groups (19, 79, 213, 272). For example, a client with asthma or EIB can start with walking, then progress to a walk–jog program, then a run-only program. When clients are able to handle vigorous-intensity sessions of ≥60% to 90% O2 or heart rate reserve without an exacerbation of symptoms, they can do interval training workouts of 10 to 30 seconds of high-intensity exercise followed by 30 to 90 seconds of rest (213). 
For clients with asthma or EIB, the design of an initial resistance training program is similar to common guidelines for beginning, untrained individuals (two or three sessions a week of two to four sets using moderate loads) (19, 272). 
Tables 5.2 and 5.3 show a summary of the aerobic and resistance training guidelines for clients with asthma and EIB. 








Asthma

Case Study

Ms. S is a 26-year-old graduate student. She was never involved in organized sport but decided she needed to get physically fit and set a goal of completing a marathon. She began a running program but found that she was not making any progress. She reported, “I am wheezing and feeling a bit tight in the chest after about a block and half of running; when I slow to a walk, it seems to get worse and I get this cough.” She added that she had these symptoms year-round but that they were worse during the allergy season. This persisted for approximately one month into her program. She was getting nowhere in terms of achieving her goal of completing a marathon. 

Despite Ms. S’s persistent attempt to train, her fitness was not improving. This led her to her family physician, who suggested that she might have EIB. He prescribed a β2-agonist to be used before her workout sessions. She felt better and was able to run for about 30 minutes by the end of the first week. By the end of the second week of daily β2-agonist use, that old feeling of wheezing, chest tightness, and cough returned and she was back to walking after the first or second block of running. She then made an appointment with an asthma specialist to be evaluated for her issues. After measurement of her resting lung function and the ability of a β2-agonist to improve her function, it was decided that she would undergo a challenge test. Her resting FEV1 was 110% of the age-, sex-, height-predicted value, and she did not improve her FEV1 by at least 12% after β2-agonist administration. However, this was likely because her daily use of the prescribed β2-agonist for approximately one month now resulted in the development of a tolerance (tachyphylaxis). The high predicted FEV1 suggested that there was minimal chronic inflammation, and the initial benefit provided by the preexercise use of the β2-agonist is suggestive of EIB. Ms. S did test positive for grass allergy, which was currently in season, and dust mites and had mild to moderate nasal congestion, runny nose, and postnasal drip indicative of rhinoconjunctivitis. The challenge test was scheduled a week later, and Ms. S was given instructions to not use the β2-agonist except as a necessary rescue during the week leading up to the test. The result from the challenge test showed a substantial posttest fall in FEV1 of 77%, suggesting very hyperreactive airways (a fall of 10% is considered positive). 
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Pulmonary Hypertension 

Pulmonary hypertension (PH) is both a hemodynamic and pathophysiological condition in which mean pulmonary arterial pressure is greater than 25 mmHg at rest (118). Pulmonary hypertension may be further subdivided into six different categories representing a variety of pathophysiological mechanisms (118). Thus, management for an individual with a diagnosis of PH does not simply involve following a general protocol, but rather must consider the type of PH and underlying factors specific to each individual case. 

Pulmonary arterial hypertension (PAH) is a specific clinical condition characterized by PAH in the absence of other causes of precapillary hypertension (118). Pulmonary arterial hypertension may have many underlying origins, including heredity and drug toxicity, or may be idiopathic (i.e., have an unknown cause). All causes of PAH produce similar pathophysiological changes in the cardiopulmonary system. However, PAH is rare, with an estimated incidence of 1 in 100,000 to 1,000,000 individuals (208). Nonetheless, the individual economic impact of PAH is substantial, with a 2015 systematic review reporting a range of approximately $2,500 to $12,000 per month of direct costs to each individual, plus unknown indirect costs (135). 
The general condition of PH is not uncommon, with estimates of up to 1% of the global population, where it is often associated with other chronic cardiopulmonary or infectious diseases (150, 208, 229). The incidence and underlying cause of PH have considerable geographic variation, due to differences including population genetics, environment, infectious disease, and medical care. Further, differences in methodology between registries create barriers in accurately understanding the epidemiology of PH (201). Pulmonary hypertension is commonly associated with hypoxic cardiopulmonary diseases, including COPD and diffuse parenchymal lung diseases (229, 247). 
Pathology and Pathophysiology of PH
The pulmonary circulatory system is a high-flow, low-pressure, low-resistance system relative to the rest of the circulation, with resting peak systolic pressure <25 mmHg and diastolic pressure <10 mmHg, such that normal mean pulmonary arterial pressure (PAP) is 14 ± 3 mmHg at rest. Right atrial and ventricular pressure during diastole is generally <5 mmHg, which is a pressure sufficient to allow a favorable pressure gradient for venous blood from systemic circulation to return to the right side of the heart. In accordance with the general principles of cardiovascular physiology, increases in blood pressure are rooted in an increase in cardiac output or an increase in vascular resistance. In PH, the latter is generally the causative mechanism, though the root of increased pulmonary vascular resistance is quite varied. 
Previous classification systems of PH divided it into primary and secondary conditions, and though this schema is overly simplistic and has been abandoned (118), there remains value in understanding how various pathological conditions can lead to the development of PH. The pathogenesis of PH leads to decreased functional diameter of the lumen of pulmonary arteries and veins, depending on the category of PH. For instance, primary vasoconstriction, thromboembolic blockages, and parasitic infestations may all decrease blood vessel diameter and thus increase vascular resistance. Under hypoxic conditions, as in various chronic pulmonary diseases (229, 247) and sleep apnea (171), pulmonary arterial smooth muscle contracts to cause vasoconstriction. This mechanism normally promotes ventilation–perfusion matching, but in chronic hypoxic lung disease, the increased pulmonary vascular resistance resulting from hypoxic pulmonary vasoconstriction leads to the development of PH (106). 
Pulmonary hypertension can lead to further systemic effects such as increased pulmonary vascular resistance, which necessitates greater pressures in the right ventricle for blood to be ejected into the pulmonary circulation. This causes overload in the right ventricle and subsequent dilation and, ultimately, right-sided heart failure. Blood pooling in the right side of the heart can lead to congestion in the vena cava and the hepatoportal circulation, which can cause liver dysfunction. Additionally, increased blood pressure can lead to pulmonary and systemic edema. 
Animal model data also suggest that respiratory function is impaired in PH due to diaphragmatic muscle fiber weakness and atrophy (76), which contributes to dyspnea (labored breathing) and fatigue during exercise. Indeed, individuals with idiopathic PAH experience inspiratory and expiratory muscle weakness (207). This may be attributed to respiratory muscle overload (214). There is also evidence that this dysfunction extends beyond the diaphragm and affects skeletal muscles globally (228). 
Given that PH negatively influences the heart, lungs, vascular system, and respiratory muscles, it follows that exercise capacity is limited in PAH and that this negatively influences quality of life (137). Interestingly, resting hemodynamic parameters were not found to be related to quality of life in individuals with PAH (137). 
The signs and symptoms of PH are generally nonspecific, including dyspnea, fatigue, general signs of cardiovascular dysfunction (e.g., syncope [fainting], angina, various heart murmurs), and signs of pathologically elevated systemic blood pressure (e.g., ascites, edema, jugular distension). A detailed description of diagnostic and prognostic tests is beyond the scope of this chapter but is achieved through specialist referral and includes a variety of imaging procedures, blood tests, and direct measurement of right ventricular pressure via catheterization (118, 119). 
Common Medications Given to Individuals With PH
It is important to recognize that pharmacotherapy targeted toward individuals with PAH is not necessarily the same as that for PH, due to differences in the pathophysiology. While pharmacotherapy that causes vasodilation to reduce pulmonary vascular resistance should be beneficial to individuals with PAH, these physiologic responses may impair gas exchange in individuals with hypoxic lung diseases (229). Thus, there is not a single standard pharmacotherapeutic regimen for treating PH; rather, the type of PH and associated comorbidities must be considered. 
Pharmacotherapy in PH is dependent on the classification of the disease; thus there is not a specific drug profile that can be used for all individuals with PH. However, there are medications that are approved for managing PAH, and various pharmacotherapy algorithms are available with varying degrees of evidence (118, 119). Pharmacotherapy for PAH is targeted at improving function and delaying progression of the disease and more invasive procedures, such as lung transplantation. Various clinical outcome measures are used to assess the effectiveness of pharmacotherapy, but improved exercise performance can be expected in successfully managed individuals. 
Vasoreactivity testing may be performed in individuals with PAH, and those who are vasoreactive may be treated with relatively high doses of calcium channel blockers. Vasoreactive individuals with baseline tachycardia are generally treated with diltiazem, and those with baseline bradycardia are generally treated with nifedipine. Generally, few individuals respond favorably to calcium channel blockers; those with idiopathic, heritable, and drug-induced PAH are most likely to respond (118, 119). 
The three distinct targets of interest for specific pharmacological management of PAH are the endothelin, nitric oxide, and prostacyclin pathways, which counter vasoconstrictor pathways or activate vasodilator signaling pathways. For individuals with PAH who are not vasoreactive or respond poorly to calcium channel blockers, monotherapy targeting one of the relevant signaling pathways is indicated. Endothelin receptor antagonists, such as ambrisentan, bosentan, and macitentan, may be used to counter pulmonary vasoconstriction induced by elevated levels of endothelin-1. Phosphodiesterase inhibitors, such as sildenafil, tadalafil, and vardenafil, act through inhibiting degradation of cyclic guanosine monophosphate (cGMP), which improves nitric oxide bioavailability and thus promotes vasodilation. Vasodilation is also promoted through drugs that activate the prostacyclin pathway, including prostacyclin analogues (e.g., beraprost, epoprostenol, iloprost, and treprostinil) and selective prostacyclin receptor agonists (e.g., selexipag). There is good clinical evidence for each of these classes of drugs, but limited data regarding comparative efficacy preclude recommendation for a monotherapy of choice for most individuals with PAH. Combination therapy targeting two or more signaling pathways may be useful for managing PAH. Much of the evidence for combination therapy is centered on sequential combination therapy, such that one class of drugs is initiated and additional pharmacological management is added as needed to achieve targeted clinical outcomes. However, there is currently limited evidence for using combination therapy as a first line of pharmacological management (118, 119). 
Drugs used in the management of PAH may be effective for some, but not all, of the other categories of PH. For instance, there is some evidence, though not strong, that individuals with PH due to left heart disease may benefit from PAH pharmacotherapy. Conversely, there is essentially no evidence for use of PAH drugs in individuals with PH due to lung disease or hypoxia, and vasodilators may impair gas exchange. Given the multifactorial nature of PAH and other types of PH, it is possible that individuals may also be managed with other types of drugs, such as anticoagulants, antiarrhythmics, diuretics, angiotensin-converting enzyme (ACE) inhibitors, and β-blockers, depending on underlying pathology. Yet the combination of PAH-specific drugs with antihypertensive agents may cause systemic hypotension. 
A summary of medications given to individuals with PH is found in medications table 5.3 near the end of the chapter. 
Effects of Exercise in Individuals With PH
Pulmonary arterial pressure normally rises during high-intensity exercise in healthy fit individuals due to increased cardiac output. The pulmonary circulation is normally a low-resistance system, with the pulmonary arteries having limited ability to dilate beyond that at rest (115). The lung is relatively fully perfused at rest; but during exercise, recruitment of additional blood vessels in less perfused regions helps accommodate some of the increase in cardiac output to offset changes in pulmonary arterial pressure. As cardiac output rises during high-intensity exercise, there is limited room to decrease pulmonary vascular resistance compared to that of the systemic circulation. Accordingly, PAP normally rises during high-intensity exercise (71). However, in some individuals the exercise-induced increase in PAP is actually pathological, and is referred to as exercise pulmonary hypertension
.

The classification of exercise pulmonary hypertension is less straightforward than that for resting PH, since an increased mean PAP during exercise occurs in all healthy individuals. Exercise pulmonary hypertension is characterized by a high PAP accompanied by symptoms of PH, such as breathlessness, which are not present at rest. This condition may occur in individuals with mild left heart disease or pulmonary vascular dysfunction that is not severe enough to induce these effects under resting conditions (147). Previously, a mean PAP of >30 mmHg during exercise was considered diagnostic for exercise pulmonary hypertension, but it is possible for healthy, fit individuals to achieve this criterion during high-intensity exercise. Newer research indicates that a mean PAP of >30 mmHg, when combined with a total pulmonary resistance of >3 mmHg · min−1 · L−1, has a high sensitivity and specificity for discriminating between healthy individuals and those with pulmonary vascular disease or right heart disease (147). 
Because exercise can trigger PH before it manifests at rest, exercise testing may be useful in the identification of the early stages of PH by revealing subclinical impairments in right ventricle contractility in individuals with conditions associated with PH (61). For instance, in systemic sclerosis, pulmonary vascular resistance may be elevated and require increased right heart contractility at rest, which leads to irreversible right heart failure. However, individuals may be asymptomatic at rest in the early stages of the disease, but the observation of right ventricular impairment at rest can be useful in demonstrating the otherwise unnoticed presence of pulmonary vascular dysfunction so that it can be treated before it leads to irreversible right heart failure. Likewise, PAH is generally diagnosed late in the disease process (159), and therefore it is possible that exercise testing may be useful in detecting it earlier. 
Exercise testing may be used to determine severity of PAH and provides valuable information regarding prognosis. Laboratory testing indicates that O2peak of less than 10.4 ml · kg−1 · min−1 is associated with poorer prognosis, as is inability to exceed a systolic blood pressure of >120 mmHg during peak exercise. Field tests of functional aerobic capacity are also useful in evaluating PH, and the 6-minute walk test is commonly used for this purpose. Interpretation of walk test scores must consider confounding factors that can influence test results, such as age and musculoskeletal function; therefore general recommendations, rather than specific targets, are most useful in understanding the functional capacity of individuals with PAH. A O2peak of more than 15 ml · kg−1 · min−1 and a 6-minute walk test result of >500 m (547 yd) are considered factors that contribute to a “stable and satisfactory” prognosis. In younger, more physically healthy individuals, >500-m (547-yd) walk distances may be achieved even by those with severe PAH, which makes this test less meaningful in this population. 
Various measurements obtained during exercise have been demonstrated to be a better predictor of long-term survival than resting pulmonary hemodynamics (141). During exercise, a low O2peak, high PVR, and a small change in heart rate relative to rest are all associated with poorer prognosis in individuals with PAH (312). Additionally, cardiac index (cardiac output divided by body surface area) during exercise, but not rest, is related to aerobic function in PAH, and is one of the key predictors of survival in PAH (59, 141). Likewise, the relationship between mean PAP and cardiac output during exercise is linked to transplant-free survival of PH (141). Pulse oximetry values that drop more than 10% below resting levels are also associated with poorer prognosis. 
Exercise Recommendations for Clients With PH
Pulmonary arterial hypertension is a chronic disease and does not have a cure, but treatments to diminish symptoms and slow the progression of the disease may be quite efficacious. Exercise was previously thought to be dangerous to clients with PH, as it was thought that increased stress on the cardiopulmonary system could accelerate heart failure. However, a significant body of evidence demonstrates that exercise is beneficial in improving symptoms, exercise capacity, and activities of daily living in clients with PAH and other forms of PH (21, 24, 118, 134, 206). 
A systematic review and meta-analysis focused on clients with PAH and inoperable chronic thromboembolic PH revealed that exercise training increased the 6-minute walk distance and O2peak within three weeks of program initiation, which was generally maintained in studies of 12- to 15-week duration (319). Further, the meta-analysis (319) revealed improved quality of life and physical functioning following 15 weeks of training. The exercise protocols generally consisted of a combination of aerobic activity (i.e., treadmill walking, stationary cycling, or both) and resistance training. Some studies included specific respiratory muscle training and mental training. While Yuan and colleagues (319) demonstrated that exercise is beneficial for those with PH, the meta-analysis was limited to specific PH populations, which yielded only 12 studies (449 individuals). 
Details of individual exercise protocols vary, but many share similar underlying structure. A commonly followed model of exercise programming in PH studies is three weeks of in-hospital training followed by 12 weeks at home. The initial three weeks allows clients to become familiar with correct exercise techniques, learn how to gauge proper intensity, and build confidence in their ability to perform the exercise. These initial three weeks may also include some educational components regarding the importance of adhering to the program and understanding the expected benefits. It may be beneficial to collect baseline and posttraining outcome data related to physical fitness (i.e., the 6-minute walk test) and quality of life following the initial few weeks of training to determine if the program is effective and to assist in convincing the client of the value of exercise. 
The components of exercise protocols also share many similarities. Mereles and colleagues (206) performed the first major trial on the combination of exercise and respiratory training in severe PH. This protocol used interval training on a cycle ergometer, alternating between 30 seconds of lower-intensity and 60 seconds of higher-intensity exercise for 10 to 25 minutes per day in an in-patient setting. In that protocol, the higher-intensity training was 60% to 80% of heart rate achieved during initial maximal exercise test. Limitations for exercise intensity were based on the client’s subjective physical exertion, a peak heart rate not more than 120 beats/min, and pulse oximetry values greater than 85%. Additionally, participants walked 60 minutes per day, performed 30 minutes of light resistance training, and did 30 minutes of specific respiratory muscle training five days per week. Upon discharge, individuals were asked to continue a similar routine, albeit for slightly decreased duration and frequency. 
Subsequent exercise protocols for PH have used both interval and continuous training and have varied the approach to the aerobic exercise component. For instance, Chan and colleagues (57) and Weinstein and colleagues (311) had individuals walk for 30 to 45 minutes at 70% to 80% of heart rate reserve two or three times per week, while Grünig and colleagues (134) combined cycle ergometer interval training and walking similarly to Mereles (206). Fox and colleagues (113) took the approach of prescribing interval training for the first six weeks of rehabilitation, followed by continuous aerobic exercise in the second six weeks of rehabilitation, and included stair climbing in both components of the program. Such an approach may be useful for clients who are not able to initially engage in long periods of continuous activity. In addition, the general skeletal muscle dysfunction that has been associated with PAH (319) indicates that inclusion of resistance training in many published training protocols is justified (319). 
Given the previously described respiratory muscle dysfunction in PAH (76, 207, 214), specific respiratory muscle training may be of particular benefit to clients with PH and has been included as a component of many of the training studies (319). Kabitz and colleagues (168) reported improved respiratory muscle strength and exercise capacity following 15 weeks of a combination of exercise and respiratory training in clients with PAH. Likewise, Saglam and colleagues (253) reported that six weeks of inspiratory muscle training improved pulmonary parameters, 6-minute walk distance, fatigue severity, and dyspneic symptoms. 
Despite the evidence supporting the efficacy of exercise training for improving exercise capacity and activities of daily living for clients with PH, the number of randomized controlled trials remains small, with insufficient data to define optimal factors such as intensity, duration, and mode, and so there is no consensus on specific guidelines for exercise programming for clients with PH (119). In general, it is recommended that clients with PH should be physically active within the tolerance of their symptoms (118) and perform a combination of sustained light- to moderate-intensity workloads (20), specific respiratory muscle training, and resistance training. These programs are typically aimed at improving physical function and quality of life. It is also recommended that these clients undergo medically supervised testing to determine their symptom thresholds for exercise intensity and duration before initiating an exercise program. High-intensity aerobic or resistance training that exacerbates a client’s symptoms or could elicit the Valsalva maneuver should be avoided (119). However, it must be noted that exercise programs may be specific to each subtype of PH. Further, exercise is often performed in combination with pharmacotherapy. 
Key Point
Exercise training programs for clients with pulmonary hypertension commonly include the combination of light- to moderate-intensity training, specific respiratory muscle training, and resistance training. Importantly, clients should be tested in a medically supervised environment to determine their symptom thresholds before beginning an exercise program. 
Pulmonary Hypertension

Case Study

A 63-year-old generally sedentary male with a body mass index (BMI) of 28 kg/m2 initially presented to his general practitioner with a chief complaint of breathlessness while engaging in physically demanding activities, such as mowing the lawn and other infrequent laborious tasks. A physical exam revealed hypertension, but no other obvious signs of cardiovascular disease. Referral to a cardiologist to address the cause of dyspnea revealed mild left ventricular dysfunction and PH, based on diagnostic imaging findings. The client did not undergo catheterization or other invasive diagnostic procedures. Given that he was not dyspneic during lighter-intensity activity (e.g., walking the dog), he was considered to be in the relatively early stages of disease. He was prescribed an antihypertensive agent, encouraged to make dietary modifications, and encouraged to engage in a more physically active lifestyle to slow progression. He was referred to an outpatient clinic to undergo supervised exercise training, where he underwent exercise testing. He achieved 625 m (684 yd) in the 6-minute walk test, in which he achieved a heart rate of 108 beats/min and had a pulse oximetry reading of 92%. He did not undergo O2max testing. He was prescribed exercise at a target heart rate between 105 and 140 beats/min. He began walking for exercise, gradually progressing from 15 minutes to 30 minutes, four days per week. Additionally, he underwent supervised exercise training twice per week, during which he performed stationary cycling. The cycling was continuous intensity for the first two weeks, during which he averaged 105 to 112 beats/min for 20 minutes, with mild dyspnea at higher intensities. Interval training was then incorporated into his exercise routine, consisting of 2 minutes of higher intensity (115-125 beats/min) with 3 minutes of light pedaling as active recovery. Additionally, he performed three sets of deep breathing exercises at the end of each supervised training session. Over the course of six weeks, he progressed to 30 minutes of continuous cycling, averaging 115 beats/min without dyspnea. He reported that his symptoms of breathlessness during mowing the lawn and strenuous housework were reduced considerably, though not entirely absent. 
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Chronic Obstructive Pulmonary Disease 

Chronic obstructive pulmonary disease (COPD) is a progressive lung disease characterized by emphysema and chronic bronchitis, which decrease lung function. There is no known cure, and only heart disease and cancer kill more Americans than COPD. In the United States, more than 11 million people have been diagnosed with COPD while millions more are affected but undiagnosed (11). Worldwide, COPD mortality is rising (10), and the disease is responsible for over $36 billion in annual health care costs (9). Women are 37% more likely to have COPD than men, and about half of the deaths are in women (10). The number of individuals with COPD has increased by approximately 41% since 1982 (266). 
Currently, smoking cessation is the only intervention that has conclusively been shown to slow the rate of lung function decline (286). Symptoms include chronic cough, sputum production, shortness of breath, exercise intolerance, muscle wasting, gas trapping, and frequent respiratory infections (266). 
Treatment is typically SABAs, LABAs, anticholinergics, ICSs, or a combination of these drugs (217). Additionally, individuals should have an annual flu shot and the pneumococcal vaccine (217). Diagnosis of comorbid COPD and asthma occurs in 15% to 20% of individuals (189, 192, 200, 270). These individuals tend to experience more rapid disease progression than those with either disease alone (123, 170). Bronchial hyperresponsiveness and the diagnosis of asthma have been associated with greater decline in FEV1 in both smokers and nonsmokers (181, 246, 284). The presence of BHR in individuals with COPD has been associated with an increase in exacerbations and mortality (157), and the coexistence of asthma and COPD is associated with increased health care utilization (271). 
Key Point
Chronic obstructive pulmonary disease (COPD) is a progressive inflammatory lung disease that causes airflow obstruction due to thickened airway walls and inflammatory mucus due to the effects of emphysema and chronic bronchitis. 
Pathology of COPD
Chronic obstructive pulmonary disease is characterized by progressive emphysema, chronic bronchitis, or both, and results in decreases in FEV1 and FEV1/FVC (forced vital capacity). These declines reflect both the reduction in exhalation force available and decline in lung capacity as a result of emphysema and obstruction to airflow in the smaller airways. Chronic obstructive pulmonary disease is characterized by airway wall thickening and by inflammatory cells in the airways. Neutrophils, T lymphocytes, and B lymphocytes are all present and contribute to lung function decline. However, airway wall thickening is strongly related to the progression of COPD (151). As COPD progresses, small airways become occluded by inflammatory mucus, which is a defining feature of chronic bronchitis. Obstruction of the small airways in COPD occurs by remodeling that is related to tissue repair and attenuated mucociliary clearance (151). 
Pathophysiology of COPD
Eighty to ninety percent of COPD is related to smoking while the remainder is likely due to environmental exposure to toxic gases and particles (218). Despite the effects of smoking, Salvi and Barnes (257) presented data suggesting that the burden of nonsmoking COPD is much higher than previously believed; an estimated 25% to 45% of individuals with COPD have never smoked. Other factors that have been associated with COPD include exposure to air pollutants such as dust, cooking fumes, and internal combustion fumes; a history of repeated lower respiratory tract infections during childhood; pulmonary tuberculosis; chronic asthma; poor nourishment; poor SES; and an alpha-1 deficiency (12). Sood and colleagues (269) reported that exposure to wood smoke was associated with a 70% increased risk of COPD in both men and women in the United States, and that this association remained even after adjustment for age, tobacco smoking, and educational attainment. Likewise, biomass or coal cooking has been identified as high risk for COPD in low- and middle-income countries (126). 
Airway inflammation also plays an important role in disease progression (82, 127, 128, 151, 235). The intensity of inflammation relates to the degree of airflow obstruction (82), and may result from oxidant-induced damage. About 3% of all COPD cases can be attributed to a genetic deficiency of alpha-1 antitrypsin, a condition that occurs in about 1 in 1,500 to 3,000 Americans of European descent. The main function of alpha-1 antitrypsin is to protect the lungs from inflammation caused by infection and inhaled irritants (130, 299). 
Common Medications Given to Individuals With COPD
Inhaled SABAs are referred to as a “rescue” medication and used as needed. In some cases, however, inhaled SABAs are used daily. For example, albuterol and levalbuterol are often prescribed to be used as needed, while ipratropium, an anticholinergic drug, is used as a standalone drug or in combination with albuterol (Combivent). 
Inhaled LABAs are used daily and should not be used as rescue medication for an acute exacerbation because they do not immediately open the airways. Long-acting β2-agonists, such as salmeterol, formoterol, and arformoterol, are inhaled twice daily and provide 12 hours of bronchodilation. Indacaterol is also a LABA that provides 24-hour protection with a single dose, whereas tiotropium is a long-acting 24-hour anticholinergic bronchodilator. 
Inhaled corticosteroids act as an anti-inflammatory medication and are often used in combination with a LABA and are taken twice daily. Examples include Advair (flovent and salmeterol), Dulera (mometasone and formoterol), Symbicort (budesonide and formoterol), and Breo (fluticasone and vilanterol). Daily ICS treatments are used to stabilize symptoms and reduce inflammation and mucus production, especially with individuals who have chronic bronchitis. A number of studies have shown ICSs to be less efficacious in COPD (29, 186, 225, 258), but an ICS combined with a LABA has beneficial airway anti-inflammatory effects not seen with ICSs alone (72). The combination of an ICS with a LABA bronchodilator improves lung function and decreases exacerbations as well as the frequency of rescue medication use (40, 140, 215, 222). Long-acting β2-agonists and corticosteroids may interact to prevent downregulation of β2-receptors in airway cells to prevent tachyphylaxis (265). The combination also facilitates translocation of glucocorticoid receptors into the nucleus of inflammatory cells, thereby amplifying the anti-inflammatory activity of the corticosteroid (265). Combination therapy of a LABA with an ICS improves symptom scores and reduces exacerbations by a third compared to a placebo (265). 
Histone deacetylase-2 (HDAC-2) is significantly reduced in airway tissue from individuals with COPD compared with healthy nonsmokers (196). Histone deacetylase-2 has also been implicated in sensitivity to corticosteroids and plays a key role in suppressing inflammatory expression in the airways (282). Increasing HDAC-2 expression, activation, or both can be an approach to reversing corticosteroid resistance in COPD (165). Further, p38-kinase activity increases (42, 204) and interleukin production decreases (42, 58) in individuals with COPD. (Interleukin causes neutrophils to migrate, in this case, into the airways.) Another change includes a considerable increase in phosphatidylinositol-4,5-bisphosphate 3-kinase (PI3K) activity in individuals with COPD (156). The result is a loss of sensitivity to ICSs (42). 
A summary of medications given to individuals with COPD is found in medications table 5.4 near the end of the chapter. 
Effect of Exercise in Individuals With COPD
Exercise is considered an essential component of pulmonary rehabilitation in individuals with COPD (75, 120, 184, 220, 254). Decreased exercise capacity and loss of muscle strength disable an individual with COPD, increase time off work, increase social isolation, and contribute to mortality (78, 300). Exercise training by individuals with COPD can increase exercise capacity and improve quality of life, both socially and during daily activities (120). Additionally, an aerobic endurance exercise training program has been found to decrease systemic inflammation with a decrease in serum C-reactive protein and interleukin (303). The observed decreased dyspnea from an exercise training program in this population is not the result of improvement in lung function but rather from peripheral changes (303). 
Exercise Recommendations for Clients With COPD
Although several studies have shown improvement in peripheral muscle strength, gas exchange, and aerobic endurance capacity with exercise interventions, there is no consensus on the optimal exercise program, as intensity and duration should be individualized to reflect the severity of symptoms (120) (see table 5.4). The addition of resistance training to aerobic training in clients with COPD (120) (see table 5.5) is associated with significantly greater increases in muscle strength and mass, but does not provide additional improvement in exercise capacity, dyspnea, or quality of life (37, 323). However, the addition of resistance training to an aerobic endurance program seems a reasonable strategy since muscle weakness is one of the extrapulmonary manifestations of COPD (323). 








Resistance training, aerobic endurance training, and a combination resistance and aerobic endurance training program have similar efficacy for clients with COPD (160). As such, the program can be designed around the client’s preference to maximize compliance. Improvements in exercise tolerance and an increase in muscle strength are indicative of a successful rehabilitation program. 
Key Point
It is important that clients who have COPD follow both an aerobic training program and a resistance training program to improve their quality of life. 
Chronic Obstructive Pulmonary Disease

Case Study

Mr. B is 60 years old and played ice hockey from a very young age through college. Thereafter, he exercised daily and competed in running and cross-country ski races through his 20s and 30s. He grew up in a house where both parents were smokers, and he remembers long rides in the car with the windows up and his parents smoking. When Mr. B began cross-country ski racing, it did not take too long before he was winning and training long hours. He began to develop a postrace hack and seemed to be sensitive to the volatilized fumes in the ski wax room, a place that he frequented on a daily basis. After 15 years of living in Vermont, heating with wood, and spending most winter nights in the wood-burning sauna, his family moved south. 

Over time, Mr. B gradually stopped exercising due to work and family obligations. As a result, he gained about 40 pounds (18 kg), and he began to notice that it was more difficult going up stairs and that he was short of breath even with just light physical activity. He attributed this to old age and the extra body weight. He also noticed that he was constantly coughing, and he had contracted pneumonia three times in the last four years. 

With encouragement from his wife, Mr. B scheduled an appointment with a pulmonologist. Findings demonstrated that his FEV1 was 63% of predicted values with an FEV1/FVC ratio of 68%. The reduced FEV1 of 63% of predicted value coupled with the FEV1/FVC ratio less than 0.70 suggests that Mr. B may have moderate COPD according to the Global Initiative for Chronic Obstructive Lung Disease criteria (table 5.6). 
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Chronic Restrictive Pulmonary Disease 
Restrictive disease occurs from conditions that cause the restriction of lung expansion, loss of lung tissue, and a decrease in gas diffusion both in and out of the lungs. Dyspnea is compensated for by rapid breathing and shallow breaths. Chronic restrictive pulmonary disease (CRPD) is characterized by a decrease in total lung capacity (TLC), a modestly preserved FEV1, airway resistance, and a decreased FVC that result in a FEV1/FVC ratio greater than 80%. Restrictive lung disease is also characterized by a reduction in functional residual capacity (FRC, the volume of air in the lungs when respiratory muscles are fully relaxed). 
Pathology and Pathophysiology of CRPD
Individuals with CRPD and disorders of the pulmonary parenchyma (the covering of the lungs) may experience increased effort of breathing and an exercise-related desaturation from a decreased gas transfer. In disorders of the pleura and thoracic cage, the abnormal compliance of the respiratory system results in a ventilation–perfusion mismatch and desaturation. Severe conditions of the spine, such as kyphosis, can result in respiratory failure and obesity and have been shown to dramatically reduce FRC (166). 
Restrictive diseases are generally classified as intrinsic or extrinsic (table 5.7). Intrinsic restrictive disease is characterized by general fibrosis of lung parenchyma, while extrinsic resistive disease may involve the chest wall, pleura, respiratory muscles, or neuromuscular disorders. Dust, gases, fumes, fiberglass, and asbestos are occupational and environmental irritants that can cause CRPD. Additionally, radiation, medications, poisons, and autoimmune responses all have been linked to CRPD. 




The prevalence and incidence of these conditions vary. While there is an overall prevalence of 3 to 6 cases per 100,000 for intrinsic lung diseases, the prevalence for idiopathic pulmonary fibrosis (IPF) is 27.9 to 63 cases per 100,000 (234). The prevalence for adults aged 35 to 44 is 2.7 per 100,000 and 175 cases per 100,000 for adults older than 75 years of age (273). In the United States, the prevalence of sarcoidosis is 10 to 40 per 100,000 and is 10 to 17 times higher in African Americans (273), with 1 in 10,000 persons having severe kyphosis (273). 
Therapy of CRPD
Treatment strategies for CRPD are on an individual basis depending on disease severity, stability, and clinical history. Nonpharmacological treatments focus on avoiding airborne irritants (e.g., combustion exhaust and airborne trichloramines from indoor pools) and ceasing smoking and exposure to second-hand smoke, maintaining blood oxygen levels over 90% (as measured by pulse oximetry), participating in a structured exercise program (including breathing exercises, anxiety management, nutritional counseling, and health education), and considering flu and pneumonia vaccinations. 
For individuals who have end-stage CRPD and have exhausted their treatment options with no attenuation of disease progression, a lung transplant is an option. The number of lung transplants performed each year in the United States is 1,400 with 2,000 on a waiting list at any given time (142). The 1-year survival rate after a lung transplant is about 90% with the 5-year survival rate of approximately 55%; only 33% survive 10 years (142). The median survival rate for adult recipients of a dual lung transplantation is 5.7 years, with bilateral transplants having a better survival rate of 7 years (320). The primary reason that individuals die from lung transplants is because of chronic rejection and subsequent deterioration of the transplanted lung. However, immunosuppression decreases the effectiveness of the immune system, leaving the individual vulnerable to infections. 
Common Medications Given to Individuals With CRPD
The pharmacological treatment of CRPD includes corticosteroids, cyclophosphamide, nintedanib, pirfenidone, and supplemental oxygen therapy. Oral corticosteroids
are used to suppress the immune system and decrease inflammation and are often supplemented with co-trimoxazole and macrolides for individuals with IPF who have a rapid progression of respiratory failure (226). Unfortunately, OCS use has been associated with increased risk of fracture and cataracts, adrenal suppression, and weight gain (4-6, 297). Further, Hanada and colleagues (139) found that long-term OCS treatment contributed to muscle weakness in individuals with interstitial lung disease. A combination of an ICS and a LABA has been shown to decrease frequency and severity of acute episodes and improve lung function in individuals with combined IPF and emphysema (86). 
Cyclophosphamide suppresses inflammation and has been used to treat certain forms of pulmonary fibrosis. Cyclophosphamide treatments result in lung function stabilization in most individuals with fibrotic interstitial lung disease (260). The drug is predominately taken orally but may also be administered intravenously. Nintedanib is an antifibrotic kinase inhibitor drug approved to treat IPF in the United States. In clinical trials, nintedanib has been shown to slow the decline in lung function in mild-to-moderate IPF (245). Pirfenidone is an antifibrotic and anti-inflammatory drug approved to treat IPF in the United States, Europe, Canada, and Asia. In clinical trials, pirfenidone has been shown to slow progression of mild-to-moderate IPF (262). 
Supplemental oxygen therapy is also a treatment strategy for CRPD. Because scar tissue in the lungs diminishes movement of oxygen from the alveoli to the bloodstream and carbon dioxide from the blood to the alveoli, oxygen levels decrease in the blood in individuals with CRPD. Therefore, supplemental oxygen might be prescribed, but if oxygen levels are always low (<90%), then continuous supplemental oxygen may be required. 
A summary of medications given to individuals with CRPD is found in medications table 5.5 near the end of the chapter. 
Effects of Exercise in Individuals With CRPD
Pulmonary fibrosis is characterized by diminished exercise capacity due to progressive pulmonary restriction, decreased FVC, ventilatory inefficiency, impaired gas exchange, low oxygen saturation, and dyspnea (205, 241). A characteristic of IPF is lowered arterial oxygen pressure and saturation during exercise (152, 180). Exercise is typically recommended for individuals with lung disease although it may not improve fibrotic scarring. It will, however, improve the cardiovascular system and the ability of the muscles to use oxygen and decrease symptoms of dyspnea, thereby allowing a higher quality of life (88). Exercise is also helpful in preventing the deconditioning and weakness that occur when individuals with CRPD become less active due to dyspnea. 
Exercise capacity is generally related to the severity of the disease. Vainshelboim and colleagues (292) identified a peak work rate of 62 watts (379 kgm/min), O2peak of 13.8 ml · kg−1 · min−1, tidal volume reserve of 0.48 L/breath, and a minute ventilation-to-carbon dioxide ratio at the anaerobic threshold of 34 as cutoff points associated with mortality in individuals with IPF. Leuchte and colleagues (185) found that comorbid PH significantly contributed to exercise limitations in individuals with severe lung fibrosis and suggested that treatment of PH may be beneficial in these individuals. 
Cardiopulmonary exercise testing (CPET) for exercise tolerance evaluation should be done to aid in diagnosis and prognosis as well as for developing effective targeted treatments. Cardiopulmonary exercise testing can identify the presence of comorbidities in approximately 38% of individuals with IPF (291). Resting cardiopulmonary function can show moderate pulmonary restriction and impairments in diffusion capacity. Multifactorial limitations for a moderately diminished aerobic capacity can be revealed during CPET, although functional capacity can be normal. In a study by Vainshelboim and colleagues (291), aerobic capacity of 13.4 ml · kg−1 · min−1 (62% of predicted) was reduced with the presence of abnormalities in pulmonary gas exchange and desaturation, circulatory impairments, inefficient ventilation, and skeletal muscle dysfunction; however, functional capacity measured by the 6-minute walk test was normal (distance = 505 m [552 yd], 99% of predicted). 
Key Point
People who have CRPD benefit from cardiopulmonary exercise testing because the results reveal an individual’s tolerance for exercise, which is an important factor to consider when developing an effective exercise program. 
In another study, Porteous and colleagues (237) suggested that right ventricular morphology, pulmonary vascular resistance, and FVC may improve exercise capacity in individuals with IPF. They found that right ventricular dilation was associated with a decrease of 50.9 m (56 yd) in the 6-minute walk test. For each 200-ml reduction in FVC, the walk distance decreased by 15 m (16 yd) (237). 
Exercise Recommendations for Clients With CRPD
Current evidence indicates that exercise training in clients with CRPD is safe and beneficial at improving dyspnea and measures of quality of life (88, 290). Whole-body exercise training is a primary component of pulmonary rehabilitation for interstitial lung disease (ILD), and the standard exercise prescription for other chronic lung diseases is effective in ILD. The program often includes eight weeks of training with at least two supervised sessions per week and a minimum 30 minutes of aerobic training in each session. However, the unique presentation and underlying pathophysiology of ILD can require modifications in exercise prescription. Clients with connective tissue disorders may present with joint pain that requires alterations in exercise, which may involve a reduction in weight-bearing exercise. Clients with severe disease may present with severe dyspnea that can limit the intensity of exercise and training progression. Because exercise-induced hypoxemia is common in ILD and is more severe than seen in other chronic lung diseases, rehabilitation programs should include supplemental oxygen therapy. Pulmonary rehabilitation programs should also offer the opportunity to address the management of comorbidities, symptoms, and psychological factors (153). 
It has been shown that a three-month rehabilitation program can significantly improve symptoms and physical activity levels in clients with IPF (122). This investigation also showed that while in the rehabilitation program, the rehabilitation group maintained higher levels of physical activity throughout the three-month program than the control group. Also, symptom scores improved by 9 ± 22 in the rehabilitation group and worsened in the control group (16 ± 12) (122). During a three-month follow-up in that study, self-reported physical activity levels (i.e., a metabolic equivalent of task-minutes) in the rehabilitation group were not different than those of the control group, demonstrating reversal of activity in the rehabilitation group; however, scores after the 6-minute walk tests did not change significantly. 
A 12-week physical training program has been shown to improve or maintain exercise capacity in clients with IPF (despite disease progression) or fibrotic sarcoidosis (279). After completion of the 12-week program, exercise capacity (as measured by the 6-minute walk test) improved by 10% in 13 of 24 subjects (54.2%), 7 with IPF and 6 with sarcoidosis (279). 
The 6-minute walk test has been shown to be a valid and responsive endpoint that can provide objective and clinically relevant information about the functional status and prognosis of clients with IPF. An analysis of 338 individuals with IPF showed that a baseline 6-minute walk test was significantly correlated with lung function measurements, patient-reported outcomes, and quality of life measures. Compared to the baseline, a change in the 6-minute walk test showed stronger correlations with change in lung function measurements and quality of life measures (216). 
Improvements in dyspnea, 6-minute walk test, O2, lactate threshold, and quality of life scores have been noted from pulmonary rehabilitation exercise programs in clients with IPF (77, 289, 293, 294). Pulmonary rehabilitation programs can also improve body composition and help the client maintain an appropriate body weight. Excess body weight can increase dyspnea during daily activities and affect the overall health of the client as discussed in other chapters. Clients with IPF and a BMI of >30 kg/m2 who received a bilateral lung transplant were 1.71 times more likely to die within 90 days than bilateral lung transplant recipients with a BMI of 18.5 to 30 kg/m2 (131). Rehabilitation programs can be inpatient, outpatient, or combined, or they can be community-based programs. 
Given that CRPD refers to many diseases that are collectively grouped, research to determine exercise guidelines typically focuses on one of these conditions. This restricts the capacity to provide, or at least raises caution about providing, global exercise prescription recommendations for clients with CRPD. At a minimum, it is recommended that clients with CRPD be tested in a medically supervised setting to determine their symptom thresholds for exercise intensity and duration before initiating an exercise program, and that an individualized training plan based on these results be designed and implemented by a qualified exercise professional. 
Chronic Restrictive Pulmonary Disease

Case Study

Mr. J, a 69-year-old male with rheumatoid arthritis, presented at his annual checkup with a 10-month history of respiratory symptoms that included thoracic pain, chronic dry cough, and dyspnea upon exertion. His history included six years of working construction, where he had repeated exposure to fiberglass insulation and asbestos. Mr. J also grew up in a smoking household. He also had a smoking history of approximately eight years after college but managed to quit. At age 32, he began an exercise program, and after 20 years he stopped exercising because of work and life demands. At 64, he began exercising again and could not believe how hard it was to get back in good physical condition. He began with a walking program five days per week and after about six months began jogging, but he got very dyspneic. He thought it was probably the extra weight he had put on, but as he lost weight, the dyspnea did not improve and he gradually stopped exercising. 

Pulmonary function tests revealed a modest decline of 10% below predicted FEV1 with an FVC of 78% of predicted. On subsequent visits, Mr. J performed a 6-minute walk test (he covered 300 m [328 yd], with an exercise oxygen saturation of 84%), and a high-resolution computed tomography (CT) chest scan was performed (it revealed emphysema). Mr. J was diagnosed with combined pulmonary fibrosis and emphysema and desquamative interstitial pneumonia (DIP). 

Treatment options were discussed and implemented. Treatment involved pharmacological interventions for mild-to-moderate IPF and an antidepressant. Mr. J was vaccinated for influenza and pneumococci and referred to an outpatient rehabilitation center. 

Mr. J’s exposure to tobacco smoke, fiberglass, and asbestos should not be ignored, especially considering his reported dyspnea during exercise and initial test results. His subsequent test results suggested IPF. His smoking and environmental exposure combined with dyspnea, chronic cough, and rheumatoid arthritis were suggestive of DIP, while the CT scan indicated emphysema. 

The pulmonary rehabilitation program should include exercise training, nutritional counseling, energy-conserving techniques, breathing strategies, and psychological counseling. The exercise program should be based on pulmonary function test results, a physical exam, 6-minute walk test results, and perhaps exercising O2, oxygen saturation, and disease stage. The program should include a plan to improve aerobic endurance and muscle strength to enable Mr. J to better carry out daily activities. The plan should include exercises for both arms and legs using a treadmill, stationary bike, or resistance training exercises. If long-duration exercise sessions are too difficult, the plan may involve short sessions repeated with rest breaks in between. While Mr. J is exercising, his blood oxygen levels may be monitored with a pulse oximeter attached to a finger. 
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Cystic Fibrosis 

Cystic fibrosis (CF) is one of the most common life-limiting autosomal recessive diseases in the Caucasian population. As of 2015 there were 28,983 people living with CF in the United States (69). In the 1960s, the predicted median age of survival was 10 years; however, in 2015 it was 41.7 years (69). From 2000 to 2015, the percentage of individuals in whom CF could be detected at birth increased from 3.1% to 59.6% (69). 
Pathology and Pathophysiology of CF
Cystic fibrosis is a multiorgan system disease caused by a mutation in a protein called the cystic fibrosis transmembrane regulator (CFTR),
which is located on the membrane of many cells and allows chloride and water to move out of cells into the lumen of many organs. Cystic fibrosis transmembrane regulator is located in cells that line the airway, sinuses, pancreas, intestine, bile duct, sweat gland, and vas deferens, which accounts for the clinical features. When the CFTR is defective, secretions outside the cell are not hydrated with water. Secretions become thick and viscous and may obstruct the organs. Local inflammation also occurs, which may injure and destroy the cells. 
Almost all individuals with CF have significant sinusitis (74). In 85% of individuals, the pancreas is destroyed and the digestive exocrine enzymes cannot be produced (26, 242). Pancreatic insufficiency causes malnutrition, diarrhea, and fat-soluble vitamin deficiency. In the second to third decades of life, pancreatic endocrine function is often impaired and individuals develop diabetes (87, 315). In the gastrointestinal tract, obstruction from viscous secretions may result in intestinal obstruction, and rectal prolapse may occur (315). Cholestasis is also often present in individuals with CF and can cause cholelithiasis, liver injury, and cirrhosis (174). It is hypothesized that the obstruction of the vas deferens produces azoospermia and infertility (242, 298). 
Key Point
Clients who have CF are at a greater risk than others to have diabetes, so an exercise professional, as directed by the client’s physician or other health care professional, may need to modify the client’s exercise program to account for any limitations. 
Pulmonary disease is the leading cause of mortality and morbidity in individuals with CF (36). Individuals born with CF have normal lungs, but thick secretions are inadequately cleared from the airways. The airways become inflamed and injured, which leads to bacterial colonization. Initially, infants are colonized with organisms such as staphylococcus aureus or haemophilus influenza
(267). Later in life, individuals with CF are colonized with more virulent organisms such as pseudomonas aeruginosa
(267), resulting in irreversible airway injury or bronchiectasis (a condition in which the walls of the bronchi are thickened from inflammation and infection), which leads to deterioration in lung function and potentially respiratory failure (242). The increased airway inflammation causes hemoptysis that erodes into bronchial veins or arteries and may cause acute failure. 
Individuals with CF develop cough, wheezing, and bronchitis as their airways are hyperreactive and bronchoconstrict in response to irritants, exercise, and viral and bacterial infections. As the disease progresses, they develop worsening lower airway obstruction and frequent exacerbations characterized by an increased cough with productive sputum, dyspnea, hemoptysis, deterioration in lung function, and weight loss (111). Because of their COPD, illness, and malabsorption of vitamins and minerals, individuals with CF can develop postural abnormalities such as thoracic kyphosis, decreased bone mineral density, musculoskeletal pain, and arthritis (22, 45, 230). 
Therapy and Common Medications Given to Individuals With CF
Therapy for CF is characterized as preventive and rescue. The primary therapy is geared toward improving mobilization of secretions, minimizing inflammation and lung injury, and decreasing bacterial colonization (195, 242). The cornerstone of CF therapy is chest physiotherapy (224). Chest physiotherapy may be performed individually by controlled, active breathing and coughing exercises. It may also be administered manually by a caregiver using percussion and postural drainage. Mucous clearance can be augmented by vests that give high-frequency chest compression (112). Handheld devices may also increase clearance by providing oscillation or positive expiratory pressure to the airways (112). Playing a wind instrument, singing, and jumping on trampolines have also been shown to be effective ways to promote mucous clearance (73). 
A number of other agents are important in maintaining pulmonary function and decreasing exacerbations in individuals with CF. Inhaled hypertonic saline hydrates demonstrate efficacy in improving clearance of secretions (243, 283). Inhaled dornase alfa is used to reduce the viscosity of the purulent secretions to aid in clearance (132, 209). Oral ibuprofen and corticosteroids have also been used to decrease inflammation (27, 209). 
Antibiotics are administered both preventively and for exacerbations. For example, nebulized antibiotics such as aminoglycosides are used to decrease bacterial colonization in individuals colonized with pseudomonas (100). Oral azithromycin, which has anti-inflammatory and antibiotic properties, may be given as a preventive measure (256). For individuals with pulmonary exacerbations, oral antibiotics are routinely given (44); however, if there is no clinical improvement, then intravenous antibiotics are typically prescribed (65). Finally, ivacaftor targets the defective CFTR and improves lung function in individuals with CF. 
Nutritional support is of the utmost importance in individuals with CF who have pancreatic insufficiency associated with malabsorption of fats, vitamins, and minerals. Better lung function has been correlated to better nutritional status (268). Oral pancreatic enzymes are commonly administered, as well as fat-soluble vitamins (A, D, E, and K) to improve lipid digestion and absorption in pancreatic-insufficient individuals with CF (39, 83, 85, 99). In addition, high-calorie nutritional supplements are routinely given because of the generally low nutritional status in these individuals (1). 
A summary of medications given to individuals with CF is found in medications table 5.6 near the end of the chapter. 
Effects of Exercise in Individuals With CF
Unfortunately, individuals with CF participate in fewer hours of vigorous physical activity than their healthy counterparts (221). However, aerobic and anaerobic physical training have positive effects on their exercise capacity, strength, lung function, and health-related quality of life (212, 240). Physical training has also been used to improve sputum clearance and improve pulmonary function (244, 322) and it may be as effective as conventional percussion and postural drainage (55, 244, 321). 
However, in individuals with CF, both the pulmonary disease and malnutrition may limit the ability to exercise (64, 232, 288). Progressive lung disease is associated with ventilatory limitation and dyspnea. Individuals with severe lung disease can develop arterial hypoxemia and carbon dioxide retention with exercise (30, 104, 129). Persons with CF are at risk for severe dehydration from exercise (177). They have elevated levels of sodium chloride in their sweat and can develop hyponatremic hypochloremic dehydration and are also at risk for pneumothorax and hemoptysis (103, 172). In addition, an individual with CF has a higher than normal loss of sodium chloride in the sweat, which can lead to a diminished thirst drive and possible voluntary dehydration (177). 
Exercise Recommendations for Clients With CF
It is useful to have baseline cardiopulmonary exercise testing on clients with CF before beginning an exercise program in order to assess their current level of fitness and to enable effective exercise programming. Cardiopulmonary responses to exercise, including intensity and duration of exercise before the onset of coughing or other symptoms, a baseline maximal heart rate, and a goal rate of perceived exertion (for subsequent exercise prescription purposes), should be determined in this initial assessment (144). 
The initial assessment should also include an evaluation of the client’s posture, neuromuscular control of the muscles of the trunk (especially the abdominal muscles, obliques, lumbar extensors, and scapular retractors), and alignments of the spine, shoulder, scapulae, and rib cage. Clients with CF recruit abdominal muscles at lower workloads of exercise, earlier in the respiratory cycle, and to a higher recruitment level than clients without CF (56). Further, young adults with CF have compromised plate-like axial trabecular morphology that may increase fracture independent of normal bone mineral density (239). 
A number of exercise programs for clients with CF have demonstrated an increase in both aerobic and anaerobic capacity, improvement in pulmonary function, and strengthened ventilatory muscles (23, 133, 145, 173, 261). Improved sputum clearance has also been related to exercise and is likely a mechanical airway clearance from the increased exercising ventilation (182). However, moderate-intensity exercise has been shown to block respiratory epithelial cell sodium channels, which could result in decreased mucus viscosity and enhanced expectoration (143). Moreover, a higher physical activity level and O2max are positively related to survival in CF (211, 236). Although most CF training studies have focused on aerobic training and have demonstrated improved lung function, O2max, dyspnea, and quality of life (259, 261, 287), anaerobic training may have different effects than aerobic training (43). Both aerobic and anaerobic training have been shown to improve muscle strength and muscle size, resulting in an increase in lean muscle mass (173, 227, 261). Therefore, the training program could include a variety of activities adapted to a client’s needs and preferences to promote compliance and consistency for the long term. 
Clients need to learn how to assess their own exertion level; this is often difficult due to ventilatory limitations and fluctuating health status (149), but it can be accomplished with heart rate monitoring, measures of dyspnea, or a Borg or OMNI scale of perceived exertion. The OMNI scale combines an exertion scale that is linked to a verbal and pictorial representation of increasing states of exertion ranging from not tired at all (0) to very tired (10) [(149)]. Children with CF appear capable of using the OMNI scale to regulate exercise intensity (149). Initially, vital signs such as respiratory rate, oxygen saturation, and rate of perceived exertion should also be monitored closely. 
Key Point
Ventilatory limitations and fluctuating health status will affect the ability of a client who has CF to determine intensity during an exercise session. In conjunction with objective clinical monitoring, the client can use a Borg or OMNI scale to subjectively describe exercise intensity. 
Aerobic exercise should optimally include three to five sessions per week and reach 70% of peak heart rate for 20 to 30 minutes (259, 261); however, exercise should be terminated if the Borg scale reaches 7 (on a 10-point scale). If necessary, the intensity should be modified to allow 30 minutes in the target heart rate range. Ideal exercises are walking and cycling. The client should have a cooldown period of light exercise for 10 minutes (68). See table 5.8 for a summary of the general aerobic exercise guidelines for clients with CF. 




While some research evidence exists as to the efficacy of resistance training for clients with CF for improving various measures of strength and quality of life, there are currently insufficient data to provide guidelines for optimal resistance training prescription (233, 264, 295). Studies have largely individualized prescribed programming based on initial testing results, and while the weight of available evidence is positive, systematic reviews highlight that this individualized approach limits the ability to provide specific guidelines. General guidelines include focusing on training the postural muscles (187, 197), making the loads progressive (227, 255, 295), and mobilizing tight joints and retraining the muscles that support them. 
Once an exercise program is implemented, it is worthwhile to have a follow-up evaluation to reinforce the program and reassess tolerance in a client with CF. Also, after any pulmonary exacerbations, the client’s exercise tolerance will need to be reassessed, and therefore a new program will need to be devised. If the client with CF develops a new oxygen requirement, formal cardiopulmonary exercise testing should also be repeated. 
In addition, it is very important for clients with CF to maintain adequate hydration before, during, and after exercise. To aid with this, they should be encouraged to exercise during the cooler morning or evening hours or go to an air-conditioned facility. 
Cystic Fibrosis

Case Study

Terrell, a 17-year-old male with CF, was referred for an exercise program. Lung function testing revealed that he had a mild decrease in FEV1 of 2.96, which was 78% of his predicted normal value. He underwent cardiopulmonary testing using bicycle ergometry and reached 120 watts (734 kgm/min) with a maximal heart rate of 145 beats/min. His Borg score was 6 (on a 10-point scale) at maximum. His O2peak was 50 ml · kg−1 · min−1, which was 77% of predicted. He was instructed to use the cycle ergometer for 30 minutes daily, keeping his targeted heart rate close to 110 beats/min and Borg score less than 5. He was monitored during his exercise for two weeks and intensities were adjusted as necessary. This would serve as one of his three daily recommended periods of chest physiotherapy. 
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Conclusion 
This chapter examined and explained how regular physical activity can provide various positive benefits to persons with lung disease, including improvements in symptom expression, overall health, quality of life, reduced medication use, muscular and cardiovascular strength, and pulmonary performance. The effects of an exercise program also include a decrease in the severity of EIB if appropriate understanding of the pathophysiology of the condition and corresponding individualized attention are devoted to triggers, medication, and exercise stimuli. The exercise professional can have a profound positive impact on the quality of life, health, and fitness of clients with asthma, exercise-induced bronchoconstriction, pulmonary hypertension, chronic obstructive pulmonary disease, chronic restrictive pulmonary disease, and cystic fibrosis. 
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Study Questions
 
	Which class of medications improves pulmonary function for nearly all clients who experience exercise-induced bronchoconstriction? 	leukotriene modifiers
	β2-adrenergic agonists 
	inhaled corticosteroids
	monoclonal antibodies


	A decrease in FEV1 is the primary diagnostic evidence for which of the following disorders? 	chronic obstructive pulmonary disease
	chronic restrictive pulmonary disease
	pulmonary hypertension
	asthma


	Nutritional support for clients with cystic fibrosis might include which of the following? 	vitamin A, D, E, and K supplements
	high-fiber foods
	glycolytic enzymes
	calcium supplements


	For clients with pulmonary hypertension, which of the following is true regarding exercise prescription? 	Interval training has been shown to be effective, but exercise testing should be done to determine severity of the disease.
	The Valsalva maneuver is actually encouraged, because it can improve respiratory muscle strength.
	Only light exercise is recommended, because moderate or higher intensity can increase pulmonary arterial blood pressure to harmful levels. 
	Exercise is effective for clients with pulmonary arterial hypertension but not for clients for whom the cause of hypertension is unknown. 






























Chapter 6
Cardiovascular Conditions and Disorders 
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After completing this chapter, you will be able to
 
	describe the physiological effects of various cardiovascular conditions and disorders on an individual’s health, fitness, and physical activity capacity; 
	understand the effects of key medications associated with treatment of various cardiovascular conditions and disorders on physiological systems and the responses to exercise; 
	design and implement a safe, effective, and efficient individualized exercise program for those affected by cardiovascular conditions and disorders; and 
	understand the roles and responsibilities of the exercise professional as part of the team working with individuals affected by cardiovascular conditions and disorders to effectively and efficiently improve health, fitness, and physical capacity. 

According to the Centers for Disease Control and Prevention, cardiovascular disease (CVD) is the leading cause of death in the United States for both men and women, even though a number of preventable risk factors for CVD have been identified. As such, significant interest exists in interventions, such as exercise, that prevent or reduce these risks, subsequently decreasing the associated mortality and morbidity. This chapter addresses the essentials of exercise training for individuals with the following cardiovascular conditions: hypertension, peripheral arterial disease, angina, chronic heart failure, myocardial infarction, conduction disturbances, atrial fibrillation, pacemakers, coronary artery bypass grafting (CABG), and other revascularization procedures. 
The common underlying mechanism for these conditions is the process of atherosclerosis, defined as the development of plaque in arteries of the heart, periphery, brain, or more than one of these. Risk factors for the development of atherosclerosis include factors that cannot be modified, including age, sex, and family history, and those factors that can be modified, such as lipid profile, exercise history, smoking, diabetes, and sedentary behavior. The exercise professional needs to consider a comprehensive program when working with individuals with cardiovascular issues—one that includes risk factor management as well as exercise programming. 



Hypertension 
Hypertension (HTN) is a considerable health concern in the United States with almost one out of three adults having the disease (39), which is also a positive risk factor for CVD, the number one cause of mortality for both men and women in the United States (45). While exercise has been shown to be effective in the treatment and prevention of HTN (45), prevalence and mortality continue to increase (5). 

Hypertension is defined as a systolic blood pressure greater than or equal to 140 mmHg or a diastolic blood pressure greater than or equal to 90 mmHg (or both) confirmed on at least two separate occasions in adults (i.e., older than 18 years of age) (45). Prehypertension is defined as a systolic blood pressure between 120 and 139 mmHg and diastolic blood pressure between 80 and 89 mmHg (25). For nearly 95% of cases of HTN in the United States, the cause is not known (i.e., idiopathic) and the condition is referred to as primary hypertension (14). In contrast, secondary HTN is caused by some other medical condition such as renal dysfunction, drugs, or steroids (26). Hypertension is often called the “silent killer” due to the lack of symptoms until the disease process has significantly affected biological systems (16). 
Pathophysiology of Hypertension
The two determinants of blood pressure are cardiac output and total peripheral resistance. Cardiac output is defined as the amount of blood expelled from the heart each minute, which is a function of blood volume. Total peripheral resistance is a measure of the tone or level of constriction of the blood vessels. Elevations in either or both of these variables contribute to HTN. Conditions that contribute to higher blood volume and ultimately HTN include excess salt intake, salt sensitivity, chronic kidney disease, and kidney dysfunction, among others (26). Factors contributing to increased tone of blood vessels include actions that increase sympathetic tone and the associated increase in catecholamine response, such as high stress levels, certain drugs, and exercise (20, 23). However,
while various factors resulting in HTN (or more specifically, secondary hypertension) have been identified, it has been reported that 90% to 95% of cases are of unknown cause; these are referred to as primary or essential hypertension (14). When blood pressure has been elevated for an extended period of time, permanent damage to blood vessels, heart tissue, and other organ systems can occur as a result of the constant overload. This overload leads to coronary heart disease, stroke, renal failure, chronic heart failure, and peripheral vascular disease (25). 
Common Medications Given to Individuals With Hypertension
The first treatment for HTN is to consider lifestyle changes including exercise, diet, and reduced salt intake for those individuals who may be salt sensitive or may be consuming excess salt (20, 48). However, since blood pressure is a function of both blood volume (cardiac output) and blood vessel tone (total peripheral resistance), medications that affect these two entities are very effective treatments for HTN (25). Diuretics (thiazides) decrease blood volume and therefore reduce blood pressure through this pathway. β-blockers, calcium channel blockers, angiotensin II receptor blockers, and angiotensin-converting enzyme (ACE) inhibitors all have the potential to reduce blood vessel tone and thus reduce blood pressure via this pathway. For some patients, combinations of medications are necessary to achieve effective control of blood pressure (26). The effects of these medications on exercise performance are listed in medications table 6.1 at the end of this chapter; however, of note, the medications to lower blood pressure may affect heat tolerance as well as reduce heart rate response (β-blockers) to a given level of exercise (45). Medications that affect blood vessel tone may also result in exertional hypotension associated with positional changes such as moving from a supine bench press to sitting or standing (52). 
Effects of Exercise in Individuals With Hypertension
Normally during exercise, systolic blood pressure increases while the diastolic pressure either stays the same or is lowered (24, 57). During a single (acute) exercise session, the blood pressure response for an individual with HTN may be normal, diminished, or exaggerated depending, in part, on the baseline value presented before exercise and the effectiveness of the medications being taken. In addition to the expected benefits of exercise training, such as increased O2max, increased efficiency (lower heart rate and blood pressure at fixed submaximal workloads), and weight loss, individuals with HTN often experience significant drops in both systolic and diastolic pressure. Meta-analyses have shown that following an eight-week aerobic exercise program, reductions of approximately 5 mmHg and 2 to 3 mmHg for systolic and diastolic blood pressure, respectively, have been seen, as well as a decrease of 3 to 4 mmHg for both systolic and diastolic blood pressure with resistance training (16). This is related in part to reduced catecholamine activity and an increase in vasodilation capacity of blood vessels (16). Weight loss also contributes to the reduced resting and exercise blood pressure (9). 
Exercise Recommendations for Clients With Hypertension
Exercise programming recommendations for clients with HTN should be based on the results of exercise testing and assessment such that the exercise professional is aware of the blood pressure response to exercise intensity and duration. In general, however, exercise recommendations for clients with HTN include the following: 
 
	The mode for aerobic training should be large muscle group activities such as walking, jogging, or cycling with a frequency of most, if not all, days of the week and 30 minutes or more of either continuous or accumulated exercise throughout the day. Intensity should be moderate (i.e., 40% to <60% O2 or heart rate reserve [16] or a rating of perceived exertion [RPE] of a 12 to 13 out of 20 on the Borg scale). 
	Since postexercise is associated with reduced blood pressure for up to 4 hours, repeated bouts of exercise or performance of activities of daily living that include higher levels of energy expenditure should be encouraged throughout the day to enhance the positive exercise effects on blood pressure and fitness gains (45). These benefits include increased caloric expenditure, which may also be important because obesity is often a comorbidity for clients with HTN. 
	Resistance training is recommended at a moderate level of 8 to 12 repetitions at 60% to 80% of one repetition maximum (1RM) using total body exercises for most clients (2, 16); however, some may benefit from lighter intensity (40% to 60% 1RM) and higher volume (up to 15 repetitions) (16). A circuit weight training format may be most appropriate and is time efficient. Sample exercises to assist the exercise professional in developing a resistance training program for the client with HTN and a stepwise methodology for teaching clients have been developed (34). 

The most important consideration for the exercise professional working with clients with HTN is to monitor blood pressure before, during, and after exercise (possible hypotensive response during recovery). A systolic pressure of 220 or a diastolic pressure of 105 may be considered exercise termination criteria (19). During resistance training, education regarding breathing patterns to avoid a Valsalva maneuver is important (19, 27). For the select patient who has been appropriately screened, high-intensity interval training (HIIT) may be appropriate, for example, a metabolic resistance training protocol (29). Tables 6.1 and 6.2 summarize guidelines for aerobic exercise and resistance training for clients with HTN. 








Hypertension

Case Study

Mr. S presented to an exercise professional at his local health club with the primary goals of weight loss and increasing his “energy level.” He is currently considered overweight with a BMI of 29. He is inactive and has a “desk job” selling insurance. He denies experiencing stress with his job or home life. His resting blood pressure is 118/76 controlled with an ACE inhibitor. He is 42 years old with a family history of HTN. 

The exercise professional recommended a 10-week progressive walking to walk–jog program at an intensity starting at 40% of heart rate reserve and working up to 80% for five days per week. In conjunction, resistance training two days per week using a circuit weight training format was included. The exercise professional also recommended that Mr. S perform the exercise programming at the health club so his blood pressure and symptom response to exercise could be followed. Dietary counseling for his weight management was encouraged, and he was further reminded to be consistent with his blood pressure medication regimen. 
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Peripheral Arterial Disease 

Peripheral arterial disease (PAD) is defined as a narrowing of noncardiac arteries that may result in reduction of blood flow (18, 35); it affects approximately 8.5 million adults in the United States aged 40 years and older, with similar prevalence in males and females (39). An individual may have clinical PAD in that there is significant blockage of blood vessels in the periphery, but up to two-thirds of individuals 40 years or older who have PAD do not have symptoms (39). The classic symptom of PAD is called intermittent claudication (IC), an aching or cramping feeling in the legs, calf, or buttocks (or more than one of these) induced by exercise that is caused by insufficient blood flow to the muscles of the lower extremities and is relieved by rest. However, it is estimated that IC occurs in only 10% to 40% of cases of PAD (18, 35). 
Pathophysiology of Peripheral Arterial Disease
The underlying disease process for PAD is atherosclerosis, defined as a condition in which the arteries become narrowed and hardened due to an excessive buildup of plaque along the wall of the affected artery (18). Atherosclerosis is the common underlying process for most cardiovascular conditions including angina, myocardial infarction, and stroke. The primary difference for each of these conditions is the location of the atherosclerosis, and for PAD the location is the noncoronary arteries such as those of the legs. The main risk factors for atherosclerosis of the periphery resulting in PAD are smoking, hyperlipidemia, and diabetes (18, 35). 
Common Medications Given to Individuals With Peripheral Arterial Disease
Common medications for treating PAD include those for HTN (see medications table 6.1); antiplatelet–vasoactive agents such as cilostazol (Pletal); statins (for reducing cholesterol); and drugs that inhibit blood clotting such as pentoxifylline, Plavix, and aspirin (18). See medications table 6.2 near the end of the chapter. As is often the case with CVDs, PAD exists with comorbidities such as diabetes and past myocardial infarction, so the exercise professional needs to be aware of not just all medications and the potential interactions, but also the influence of exercise (28, 38). With the exception of the vasoactive agents, which may increase exercise capacity for the individual with PAD, all other medications just listed have a neutral impact on exercise capacity. 
Effects of Exercise in Individuals With Peripheral Arterial Disease
Not all cases of PAD exhibit IC. If IC exists, then during an acute exercise session the individual’s given level of external work is often limited by the onset of IC pain (18). The amount of work that can be performed by those with IC is likely to be low and depends in part on the severity of the lesion and the baseline fitness level of the individual. The expected benefits of exercise training, such as increased O2max, increased cardiovascular efficiency (lower heart rate and blood pressure at a fixed submaximal level of work), and decreased weight are modest for individuals with PAD-induced IC because the associated onset of pain limits exercise intensity and duration. With chronic exercise training, individuals with IC associated with PAD demonstrate an increased amount of external work performed before the onset of IC pain occurs. The mechanism for this training effect is likely related to increased leg blood flow due to reduced tone of blood vessels, decreased blood viscosity, and a shift from reliance on anaerobic to aerobic metabolism (35). 
Key Point
Consistent and chronic exercise training by individuals with intermittent claudication results in an ability to do more external work before the onset of pain. 
Exercise Recommendations for Clients With Peripheral Arterial Disease
All clients with known CVDs, such as PAD, should obtain a medical clearance before commencing an exercise program. It is also highly recommended that clients with PAD, regardless of symptom severity, undergo exercise testing before initiating an exercise program so that the exercise professional can identify the level of exercise that results in symptoms (e.g., onset of pain and time to maximal pain), postexercise ankle pressure can be established, exercise prescription baseline information may be gathered (e.g., total walking distance before onset of pain), and, if not previously established, the presence of CVD may be determined (18). 
Using the results of the exercise testing, it is recommended that exercise professionals design a program with the primary goals of decreasing cardiovascular risk factors and IC pain symptoms (18). Given the severe deconditioning of this population, the recommended mode of activity is weight-bearing large muscle group exercise such as walking, which has the added advantage of working the gastrocnemius (particularly affected by PVD), more so than cycling or swimming (18, 35). The recommended intensity is 40% to <60% heart rate reserve, or claudication pain of 3 out of 4 (18), for 30 to 60 minutes of accumulated activity, three to seven days per week (3, 18). These clients can benefit from intermittent training that entails exercising to a level of 3 out of 4 on a claudication pain scale (0 = no pain; 1 = onset of pain; 2 = moderate pain; 3 = intense pain; 4 = maximal pain), then resting until pain subsides and repeating the effort until 30 minutes without resting can be tolerated (3, 18). Resistance training can be performed three days per week with a moderate intensity of 10 to 12 repetitions for one or two sets of upper and lower body exercise (18). For clients with IC, their level of pain will determine the exercise intensity. For clients with PAD and no IC, RPE can also be used to determine exercise intensity (12 to 13 out of 20 is recommended). 
It is also worthy to note that as clients with IC associated with PAD train and increase their fitness, comorbidities may become evident and will need to be addressed by the exercise professional (38). Tables 6.3 and 6.4 summarize guidelines for aerobic exercise and resistance training for clients with PAD. 








Peripheral Arterial Disease

Case Study

Ms. J has a history of type 2 diabetes treated for 20 years with metformin (a blood glucose–lowering agent) and is morbidly obese with a BMI of 45. She has also been diagnosed with PAD and has difficulty walking short distances without profound cramping in her calf muscles indicating IC. She rates her pain with walking a level of 4 out of 4 on the IC pain scale. She sought the help of an exercise professional at a local fitness club for exercise programming. 

Because of her obesity and low level of exercise tolerance, a unique exercise program was developed. Two chairs without handles were placed a short distance apart, and Ms. J walked between the chairs until her legs began to cramp. Then she sat down at the second chair until the pain of IC subsided. She continued this intermittent training for 10 weeks and demonstrated a 200% increase in the distance covered between the chairs. She was also able to walk to her curbside mailbox at home to retrieve the mail for the first time in several years—an outcome that had significant impact on her self-esteem. She is continuing her chair exercise with her exercise professional and has been advised to work with a certified diabetes educator for diabetes control and nutrition. She is also beginning a modest-intensity lower body resistance training program under the direction of her exercise professional to build her muscle strength and endurance. 
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Angina 
The increasing prevalence of angina—chest pain that occurs in response to myocardial ischemia or reduced blood flow to the myocardium (18)—has been estimated at approximately 9 million Americans, more than 50% of them women (8). Symptoms reported by individuals to describe their angina include (a) pressure, tightness, or fullness in the chest or (b) back, jaw, and tooth pain, typically lasting 2 to 10 minutes; these symptoms may be different for men and women (18). Women are more likely to feel symptoms in the neck, jaw, throat, abdomen, or back. Angina can be characterized as stable or unstable. While these have similar symptoms or characteristics, stable angina is associated with the onset of a specific level of stress such as physical activity and is rapidly alleviated with rest or nitroglycerin, whereas unstable angina is far less predictable and often occurs at rest (18). There are a number of forms of unstable angina associated with acute coronary events. These individuals are typically not candidates for exercise programming until after the acute event has been stabilized. Thus this chapter focuses on recommendations related to stable (predictable) angina. 
Pathophysiology of Angina
The underlying cause of angina is a narrowing of the coronary arteries due to atherosclerosis (18). For healthy individuals without significant atherosclerotic lesions present in their coronary arteries, as demand for oxygen increases, the heart is able to supply that demand with an increase in blood flow. For individuals with a narrowing in one or more arteries due to atherosclerosis, the supply of blood flow cannot keep up with demand, and angina is often the result as the cardiac tissue experiences varying levels of ischemia. The amount of external work, usually defined as the combination of heart rate, blood pressure, and wall tension of the heart that results in the development of angina, is very predictable and reproducible in these individuals (18). 
Key Point
For individuals with angina, the blood pressure and heart rate resulting from physical activity (i.e., external work) that results in the development of angina is very predictable and reproducible. This means that an exercise professional is able to quickly determine the threshold below which such an individual can exercise without incurring angina and prescribe accordingly. 
Common Medications Given to Individuals With Angina
Medications used to treat angina have the common action of reducing myocardial oxygen demand so that the narrowed artery can adequately supply the tissue with sufficient blood flow (7). See medications table 6.3 near the end of the chapter. The primary actions of drugs to treat angina include lowering the heart rate or blood pressure or dilating the artery, or both. Typical examples include nitrates–nitrites, calcium antagonists, and β-blockers (53) as well as newer medications such as Ranolazine and other novel agents that improve symptoms by nonhemodynamic mechanisms (7, 28). All of the medications just discussed have the potential to increase exercise capacity in individuals with angina. For individuals with angina who are taking only vasodilating agents, care should be taken with any postural changes as these can be associated with dizziness, syncope, or both. 
Effects of Exercise in Individuals With Angina
The occurrence of chest pain is likely the limiting factor for exercise programming in this population. The heart rate and blood pressure (rate–pressure product) for individuals with angina is very predictable, and the amount of exercise necessary to induce angina symptoms is called the ischemic threshold (3). In addition to the expected benefits of exercise training such as increased O2max, increased cardiovascular efficiency (lower heart rate and blood pressure at a fixed submaximal level of work), and decreased weight, the individual with angina will be able to perform an increased amount of work before reaching the ischemic threshold, which is a primary goal of exercise programming (18). The initial amount of exercise that can be tolerated is a function of both the size of the lesion(s) and the amount of collateral blood flow available to the tissue. 
Key Point
The primary goal of exercise programming for a client with angina is to increase the amount of work that can be performed before the ischemic threshold is reached. 
Exercise Recommendations for Clients With Angina
For those with angina a medically supervised graded exercise test should be undertaken, and a medical release to exercise independently must be obtained before an exercise program is initiated. Apart from safety reasons, the results of the graded exercise test may be used to assist the exercise professional in developing exercise programming recommendations. 
 
	With knowledge of the intensity and duration of exercise that elicits symptoms of angina, the aerobic exercise recommendations include the use of large muscle group activities including walking, jogging, stepping, or cycling as the preferred mode of exercise (3, 18). Aerobic exercise can be performed four to seven days per week (preferably seven) for 20 to 60 minutes of continuous or accumulated activity at an intensity of 10 to 15 beats/min below the ischemic threshold, in addition to an increase in activities of daily living (3, 18). 
	Light-intensity resistance training can be performed two or three days per week at 40% to 60% 1RM of 15 to 20 minutes per session to improve functional capacity (3, 18). As with all clients with cardiovascular conditions, a longer warm-up and cooldown may be necessary, and the medications may cause postural hypotension. Higher intensities and HIIT may be performed for those clients with higher exercise capacities and those who have been appropriately screened for this type of activity (31). 

The most crucial consideration for the exercise professional when working with this population is to be aware of the symptoms that clients experience with their angina and what they need to do to relieve the pain. Usually slowing down or stopping exercise is all that is needed. If pain does not subside, then the client may need to take a nitroglycerine tablet that he has brought with him for any exercise he may perform. If nitroglycerine is not effective, then the client should be immediately transported to the emergency room for further treatment. The exercise professional and client should discuss this symptom mitigation plan before any exercise, including the location of all medicines. Tables 6.5 and 6.6 summarize guidelines for aerobic exercise and resistance training for clients with angina. 








Angina

Case Study

Ms. R, 54 years old, has experienced some chest pain during her walks around her neighborhood, especially when walking up the hills. She consulted with her physician, and after a stress test and catheterization were performed she was found to have modest blockage in two vessels and chest pain at a metabolic equivalent (MET) level of 5. Her physician also recommended that she work with an exercise professional on the development of a strength program for her lower body to assist with walking the hills in her neighborhood and an aerobic program to improve her ischemic threshold. 

Ms. R’s exercise professional recommended that she continue walking at her current frequency and duration per week but ensure that she stays 10 to 15 beats/min below 5 METs, meaning that on hills she must slow down. The exercise professional also recommended that she wear a heart rate monitor and program an alarm if her heart rate gets to within 15 beats/min of her ischemic threshold. For resistance training, Ms. R meets with her exercise professional two days per week and starts with a circuit-style workout of one set of a single exercise per major muscle group at 40% to 50% 1RM. Before the start of all training sessions, her exercise professional also asks Ms. R if she has her nitroglycerine tablets in case she should experience angina symptoms. 
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Chronic Heart Failure 
While the incidence of heart failure has remained stable in the United States in recent years, the risk of developing the disease after 40 years of age is approximately 20% and the prevalence, currently at 5.1 million, is increasing (59). The economic cost is also significant, with the 2012 global cost estimated at $108 billion (17, 40). Chronic heart failure (CHF), sometimes called congestive heart failure, is defined as an inability of the heart muscle to pump blood at a rate consistent with the metabolic needs, resulting in fatigue or dyspnea (46). There are two forms of CHF: systolic and diastolic. Systolic heart failure is a condition in which the contractility of the left ventricle is impaired, resulting in an ejection fraction <35% of normal. Diastolic heart failure, on the other hand, reflects an inability of the left ventricle to relax normally and fill appropriately due to increased stiffness or thickness (12). Individuals with systolic heart failure have reduced ejection fraction (stroke volume / end-diastolic volume × 100) due to reduced pumping capacity of the heart, often related to previous myocardial infarction(s) (12). Diastolic dysfunction is associated with normal ejection fraction but reduced stroke volume due to stiffness of the ventricle and difficulty with filling (reduced end-diastolic volume). 
Pathophysiology of Chronic Heart Failure
Chronic heart failure may be the result of ischemic (myocardial infarction with significant tissue loss) or nonischemic (chronic HTN) etiologies (46). With the reduction in cardiac output and stroke volume associated with a failing heart, both the sympathetic (54) and renin-angiotensin systems (55) are subsequently activated. Activation of the sympathetic system results in acute increases in heart rate and peripheral constriction of blood vessels (60). In conjunction, chronic increased activity of the renin-angiotensin system leads to pathological cardiac remodeling and further activation of the sympathetic nervous system. However, the chronic activation of both the sympathetic and renin-angiotensin systems and the concomitant reduction in blood flow lead to a shift to anaerobic metabolism with early onset of lactate accumulation. In combination, chronically reduced muscle function is experienced by these individuals. The hallmark symptom of CHF is severe exercise intolerance due in part to lactate accumulation at low exercise levels (12, 51). 
Common Medications Given to Individuals With Chronic Heart Failure
The medications (30, 51) used to treat CHF have the overarching goal to interrupt the harmful effects of the chronic activation of the sympathetic and renin-angiotensin systems, effects that include increasing heart rate and constriction of blood vessels resulting in reduced blood flow to critical organ systems. These medications consist of antiarrhythmia drugs such as digoxin (increases myocardial contractility); β-blockers (block sympathetic nervous system, lower heart rate); diuretics (reduce blood volume overload); ACE inhibitors and calcium antagonists; and aldosterone receptor blockers (ARBs) (reduce blood pressure, dilate blood vessels) (59). See medications table 6.4 near the end of the chapter. Cardiac resynchronization therapy (CRT) (also known as biventricular pacing) is commonly used with CHF to increase heart function by restoring synchrony (59). Each of these medications as well as biventricular pacing has the ability to increase exercise capacity for individuals with CHF. 
Effects of Exercise in Individuals With Chronic Heart Failure
Individuals with CHF typically have very low exercise capacities relative to other cases of CVD. Relative to their healthy counterparts, individuals with CHF experience fatigue and dyspnea at light workloads due in part to their reliance on anaerobic metabolism and impaired vasodilation capacity (12, 30, 51). These individuals also have reduced inotropic and chronotropic responses to exercise that are secondary to their condition as well as a function of the medications they are taking (59). While intense exercise was previously thought of as contraindicated for those with CHF, more recently it has been shown to be safe and efficacious in various ways (e.g., increased O2max, cardiovascular efficiency, and various peripheral training responses such as increased muscle function) (1). 
Exercise Recommendations for Clients With Chronic Heart Failure
Exercise programming recommendations for the client with CHF should be based on medically supervised maximal exercise testing and if possible oxygen consumption measurements, as identifying anaerobic threshold can be valuable for exercise prescription for this population. 
 
	The recommended mode of exercise for aerobic conditioning is large muscle group activities including walking or cycling performed at an intensity of 40% to 70% O2 or heart rate reserve, four to seven days per week, accumulating 20 to 60 minutes per day (12). Intensity can also be gauged by RPE of 12 to 14 out of 20. 
	Resistance training has been shown to be safe and effective in this population using light-to-moderate loads (40-80% 1RM) in a circuit weight training format (3, 18). 
	In conjunction, HIIT may be performed for those clients with higher exercise capacities and those who have been appropriately screened for this type of activity (29). 
	As with other chronic CVD populations, performance of activities of daily living that include higher levels of energy expenditure should be encouraged throughout the day to aid in increasing caloric expenditure and fitness gains as well as enhancing the confidence level for clients with HF to perform these activities safely (28). 

Special considerations for the exercise professional to take into account while working with clients who have CHF include extensive warm-up and cooldown and difficulty dealing with temperature extremes due in part to the medication regimen (12). Clients should be weighed daily, as significant weight gain in a short time could be indicative of water retention and decompensation (acute HF), a condition in need of emergency treatment. Tables 6.7 and 6.8 summarize guidelines for aerobic exercise and resistance training for clients with CHF. 








Chronic Heart Failure

Case Study

Mr. B, age 53, has a history of two previous myocardial infarctions several years apart that have reduced his ejection fraction to 25%, resulting in a diagnosis of CHF. He has a job as a waiter in a restaurant and finds himself becoming more fatigued doing his job than previously. His current medications include a β-blocker, ARB, statin (for cholesterol lowering), and a daily aspirin, and in conjunction he has been active with the program recommended by his cardiac rehabilitation staff, showing gains in fitness as a result of this program. 

He wanted to add resistance training to his regimen, and the exercise professional he is working with at the health club recommended a circuit weight training program starting at an intensity of 40% of his 1RM for four weeks. The exercise professional prescribed 10 to 15 repetitions of each of the following exercises: leg press, chest press, seated hamstring curl, seated row, machine military press, biceps curl, triceps extension. Mr. B’s exercise professional initially had him complete a single circuit of one set per exercise and added a second circuit when he was able to complete 15 repetitions per exercise with less than 30 seconds of rest between exercises. (Note that the fitness facility had set aside the machines in a fashion for circuit training.) After the initial four-week training phase, the exercise professional would reassess fitness and adjust the program accordingly. Mr. B may be a candidate for a HIIT program if his fitness level is high enough to tolerate such a program. 
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Myocardial Infarction 
An acute myocardial infarction
(MI)—that is, a heart attack—is the result of the formation of a thrombus or clot associated with an atherosclerotic lesion that has formed in a branch or in branches of the coronary artery system (21, 49). Approximately 720,000 Americans have a heart attack each year (18), and 122,071 died of an acute MI in 2010 (i.e., over 334 per day) (40). The severity of the MI depends in part on the amount of tissue that is damaged and the extent of collateral blood flow. The severity of an MI can be reduced by prompt action on the part of the individual in recognizing the symptoms and proceeding to emergency care, reducing the amount of time cardiac tissue is ischemic. In an emergency room an intervention such as percutaneous transluminal coronary angioplasty (PTCA) can be performed quickly so that blood flow is restored. In order to preserve the integrity of the affected tissue, a 2-hour window from the onset of chest pain to the intervention is usually best for tissue salvage (37). 
Pathophysiology of Myocardial Infarction
Clot formation that occludes blood vessels of the coronary circulation is usually initiated by a fissure or breakage of an unstable atherosclerotic lesion (47). The formation of an atherosclerotic lesion is related to risk factors including high blood pressure, hyperlipidemia, diabetes, and family history, among others (39). Chronic inflammation is also a key aspect to the development of lesions and the formation of a clot at a vulnerable part of the lesion. An example of a vulnerable location in the coronary circulation is any area of bifurcation (branching) of blood vessels, as blood flow in these areas can become more turbulent rather than laminar and contribute to plaque rupture (21, 49). 
Common Medications Given to Individuals With Myocardial Infarction
Medications given to an individual following an MI have the underlying role of reducing workload on the heart and maximizing blood flow, as well as reducing the risk of formation of another clot (28). If there are associated comorbidities such as HF or angina, then additional medications may be necessary (38). Medications include β-blockers and vasodilators (reduce workload on the heart), ACE inhibitors (reduce afterload), aspirin, blood thinners that reduce the risk of clot formation, statins (reduce cholesterol), and calcium antagonists (reduce afterload). See medications table 6.5 near the end of the chapter. The medications that reduce the workload on the heart have the potential to increase exercise capacity for individuals recovering from an MI. The medications associated with clot prevention and cholesterol lowering are for assistance in risk factor modification and likely have no impact on exercise capacity. However, because these medications lower heart rate (β-blockers) and blood pressure (ACE, ARB, calcium), hypotension with exertion and body position changes may occur. 
Effects of Exercise in Individuals With Myocardial Infarction
With an acute exercise session and an uncomplicated MI, fitness is reduced and the medications may reduce the hemodynamic response to exercise. If comorbidities are present, such as HF or angina, then the exercise professional has to be versed in the special considerations regarding these conditions (38). There is also the potential for life-threatening arrhythmias and conduction disturbances; thus initially exercise should take place in a monitored and supervised cardiac rehabilitation setting (33). With exercise training it can be expected that an individual with an MI will have the same responses as an otherwise healthy person, such as increased O2max, increased cardiac efficiency (lower heart rate and blood pressure at a fixed submaximal workload), and reduced weight, although the response will be somewhat blunted depending on the amount of damage to the myocardial tissue. 
Key Point
Exercise training responses for the individual who has had an MI include a reduced potential for arrhythmias, reduced symptoms related to decreased blood vessel tone, and reduced catecholamine response to exercise (21, 49). Thus compliance with an exercise program has the capacity to reduce the risk of subsequent cardiac problems and symptoms, thereby enhancing quality of life. 
Exercise Recommendations for Clients With Myocardial Infarction
For exercise prescription purposes, it is strongly advised that all clients who have experienced an MI consult their physician or other health care professional and undergo a medically supervised exercise test before engaging in an exercise program to assess, among other factors, the ability to safely engage in such activity and the duration and intensity at which the client can participate before the onset of symptoms of ischemia. In conjunction, to ensure safety, it is highly recommended that all such clients also engage in a supervised exercise program with appropriately qualified exercise professionals before participating in unsupervised exercise (21, 49). 
 
	The recommended modes of aerobic exercise are large muscle group activities such as walking, cycling, or running (49). Intensity can be monitored by RPE (12 to 16 out of 20) or 40% to 80% of O2 or heart rate reserve. The recommendation is at least three days per week for 20 to 60 minutes, continuous or accumulated (21). 
	Resistance training may be performed at 40% to 80% of 1RM, and a circuit weight training format of 8 to 10 stations is appropriate (2, 34). For the appropriately screened client, HIIT may also be suitable and more efficient for producing fitness gains (36). 
	In addition, engaging in activities of daily living may assist in reducing risk factors by increasing caloric expenditure and may improve overall fitness gains especially for those with low fitness levels (21). 

Recommendations specific for the client with MI include a more extended warm-up and cooldown, especially the cooldown, as the time after exercise is the most vulnerable time for these clients especially with respect to development of arrhythmias. Tables 6.9 and 6.10 summarize guidelines for aerobic exercise and resistance training for clients with MI. 








Myocardial Infarction

Case Study

Mr. W is six months post-MI. He has participated in 36 sessions of cardiac rehabilitation and is now in a maintenance program at his local health club. He is 62 years old with only his age, sex, and hyperlipidemia (high cholesterol and high triglycerides) as significant risk factors. He is currently taking a β-blocker, an ACE inhibitor, and statin medication following his MI. He was very active before his MI and is interested in beginning a higher-intensity program than was provided at his cardiac rehabilitation facility. 

After approval from his cardiologist, Mr. W’s exercise professional suggested a HIIT program in the format of circuit resistance training, such as 10 to 15 repetitions of each of the following exercises: leg press, chest press, seated hamstring curl, seated row, machine military press, biceps curl, and triceps extension, at an initial resistance of 70% of his maximum. While supervised, Mr. W initially completed two circuits with less than 30 seconds rest between exercises. When Mr. W was able to complete three circuits of 15 exercises, the intensity was increased to 75% of maximum and repetitions were dropped to 10 per exercise. 
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Atrial Fibrillation 
Chronic atrial fibrillation is a conduction defect of the atria (the two top chambers of the heart) associated with chaotic and very rapid atrial depolarizations that result in irregular and sometimes rapid ventricular response (41). Atrial fibrillation is one of the most common arrhythmias, along with premature ventricular contractions (58). While precise incidence and prevalence of this condition have been difficult to determine, it was recently estimated, using modeling techniques for health insurance claims, that the incidence would increase from approximately 1.2 to 2.6 million cases from 2010 to 2030 (15). The most critical aspects of treatment are the prevention of clots that may form in the atria due to lack of coordinated contraction and controlling the rapid ventricular response. 
Pathophysiology of Atrial Fibrillation
While the specific underlying mechanism for atrial fibrillation is not well understood, it is known that reentry or “circus” movements of electrical impulses in the atrial tissue cause the atria to fire at rates greater than 300 beats/min, eliminating effective atrial contraction (41). These impulses bombard the atrial-ventricular (AV) node; however, not all impulses reach the ventricle as the AV node is refractory to most of the impulses. Thus the refractory nature of the AV node protects the ventricle from the high rates exhibited by the atria. Atrial fibrillation is present in a number of conditions including HTN, HF, coronary heart disease, and valvular heart disease (38). The frequency of fibrillation is highly variable between individuals, and the exercise professional should consult with the individual’s physician or other health care professional to understand frequency and duration of fibrillation episodes. An episode of atrial fibrillation may last less than 24 hours or longer than seven days, and in some individuals may be classified as permanent (i.e., longer than one year). 
Common Medications Given to Individuals With Atrial Fibrillation
The most important considerations for medications for atrial fibrillation are to prevent clot formation due to inactive atrial tissue and control the ventricular response to increased rate of atrial stimulation (28, 41). Medications for preventing clot formation include Coumadin (warfarin) and Plavix. Coumadin requires careful monitoring of clot times to ensure that the dose is appropriate. Medications that slow conduction through the AV node and decrease the ventricular response include digitalis, calcium antagonists, and β-blockers. The medications just discussed that control the ventricular response to exercise would likely have the impact of increasing exercise capacity for the individual with atrial fibrillation. In conjunction, many of these individuals may have undergone some type of surgical procedure for an accompanying or causative condition such as catheter ablation or maze procedure. The exercise professional should be aware and knowledgeable of these conditions and surgical procedures in conjunction with current medications. See medications table 6.6 near the end of the chapter. 
Effects of Exercise in Individuals With Atrial Fibrillation
Exercise programming for atrial fibrillation is most affected by the associated underlying condition (38). The reader is referred to each of these potential conditions as discussed in this chapter for specifics of the acute and chronic exercise responses. Atrial fibrillation has the potential to reduce exercise capacity due to the reduction of atrial contribution to the stroke volume and cardiac output (about 20%) (41). This loss of cardiac output may contribute to early onset of fatigue. There is also the potential that exercise would induce a greater than normal ventricular heart rate response. 
Exercise Recommendations for Clients With Atrial Fibrillation
Those with atrial fibrillation have a reduced exercise tolerance; however, the extent of this reduction is highly variable and largely reflective of any coexisting heart disease (41). Due to this variability and for safety reasons, it is recommended that clients seek a medically supervised graded exercise test to provide information for exercise prescription based on the ventricular and perceived exertion responses to exercise. 
 
	Aerobic exercise prescription recommendations for clients with atrial fibrillation should consist of large muscle group activities such as walking, cycling, or running at an intensity assessed by RPE of 13 to 16 out of 20, corresponding to workloads of 50% to 85% of peak O2 (41). Exercise can be performed four to seven days per week with either continuous or accumulated durations of 30 to 60 minutes per day. 
	Resistance training can be performed at a moderate intensity and with a circuit weight training format of 8 to 10 exercises performed between 40% and 80% 1RM (2, 34). As with other cardiovascular conditions, performance of activities of daily living for the client with atrial fibrillation should be encouraged throughout the day. 
	For the appropriately screened client, HIIT may be suitable and valuable for increasing training outcomes (29).

For the exercise professional, there are three important issues that need attention in working with clients with atrial fibrillation. The most important aspect is the variable ventricular response that makes heart rate unreliable as a measure of exercise intensity. Rating of perceived exertion may be the best measure, and clients need to be educated about appropriate use of this scale to monitor intensity. The final consideration is awareness of the comorbidities such as HF or HTN that may be present and how they interact with the specific considerations related to atrial fibrillation (38). Tables 6.11 and 6.12 summarize guidelines for aerobic exercise and resistance training for clients with atrial fibrillation. 








Atrial Fibrillation

Case Study

Mrs. M has a history of past MI that has resulted in an ejection fraction of 20% and thus CHF. Her underlying heart rhythm is atrial fibrillation. She has recently been experiencing an increase in fatigue during her activities of daily living, including grocery shopping, vacuuming, and doing the laundry. She met with her cardiologist and received a recommendation to pursue light- to moderate-level exercise training (both aerobic and resistance) to support her need to be able to perform activities of daily living without undue fatigue. Her exercise professional recommended a circuit weight training program two or three times per week of 8 to 10 large muscle group exercises such as leg press, chest press, and cable pulldown, at an intensity of 40% 1RM, to increase her lower and upper body muscular strength and fitness. Mrs. M’s exercise professional also prescribed aerobic conditioning using a stationary bicycle and treadmill–walking at an initially light to moderate intensity (i.e., RPE of 9-13), building her volume from three 10-minute bouts, three or four days per week, depending on her tolerance. 

Recommended Readings

Myers, J and Atwood, J. Atrial fibrillation. In ACSM’s Exercise Management for Persons with Chronic Diseases and Disabilities. 4th ed. Durstine, JL, Moore, GE, Painter, PL, and Roberts, SO, eds. Champaign, IL: Human Kinetics, 143-148, 2016. 




Pacemakers and Implantable Cardioverter Defibrillators 

Cardiac conduction defects or disorders that may require a pacemaker or an implantable cardioverter defibrillator (ICD) can be defined as a block at any level of the conduction system of the heart that results in either a very low, very high, or chaotic heart rate causing symptoms such as light-headedness or syncope (11, 50). Pacemakers are available in a variety of forms, including rate-responsive, biventricular pacers (for bundle branch blocks), AV pacers (for restoring conduction between atria and ventricles), and those combined with ICDs. Regardless of the underlying design of the pacing system, the purpose is to correct abnormal conduction activity in the heart and restore normal rhythm. Optimizing normal rhythm ensures maximal heart rate, stroke volume, and cardiac output responses to exercise. 
Pathophysiology of Pacemakers and ICDs
There are a variety of conditions that may affect the integrity of the conduction system of the heart and therefore result in a need for a pacemaker or ICD. These conditions include, but are not limited to, coronary artery disease; HF with bundle branch block; status as a survivor of sudden cardiac death syndrome and MI that interrupts blood flow to the conduction system; and sick sinus syndrome, defined as aging-associated degeneration of the sinoatrial node (11). These conditions can lead to the development of a cardiac arrhythmia such as bradyarrhythmia (an abnormally slow heart rate) or heart block (an interruption or delay in the heart’s electrical conduction system). This may be subsequent to impaired blood flow to the cardiac tissue as with coronary artery disease or formation of scar tissue that physically affects cardiac signal conduction. 
Common Medications Given to Individuals With Pacemakers or ICDs
The pacemaker itself could be considered the “medication” for the particular condition that resulted in the need. Details regarding the vast array of pacemaker technology available are beyond the scope of this chapter, and the reader is referred to additional resources as outlined in the recommended readings. For the exercise professional, the comorbidity (38) that created the need for pacing will have the associated medications (and many of these comorbidities have been discussed in previous sections of this chapter). If the pacemaker is effective at restoring normal conduction for the heart, then exercise capacity should be enhanced. 
Effects of Exercise in Individuals With Pacemakers or ICDs
In regard to exercise programming for individuals with a pacemaker or ICD, the response to training is most affected by the effectiveness of the pacemaker and the associated comorbidities (11, 38, 50). If the pacemaker is effective at restoring normal or near-normal electrical activity, then exercise capacity will be increased. The increase in quality of life for individuals with pacemakers will be proportional to their ability to adequately perform activities of daily living and symptom relief of dyspnea, hypotension, light-headedness, and syncope. If the pacemaker is effective, the response to exercise training will be consistent with the expectations associated with the underlying comorbidities (38). 
Exercise Recommendations for Clients With Pacemakers or ICDs
Various conditions may lead to the treatment of a client with a pacemaker or ICD. As such, exercise programming recommendations for these clients should be consistent with recommendations for the associated comorbidity. Due to the presence of these comorbidities, it is recommended that an initial medically supervised exercise test be conducted to determine exercise tolerance and thresholds, and also to evaluate the pacemaker response under the perturbation of exercise. A subsequent medical release to exercise should be requested and obtained by the exercise professional before initiating an exercise program. 
 
	For several weeks after the pacemaker is implanted it is recommended that aerobic and resistance training be limited to lower body large muscle group activities and be modest in order to allow for the preservation of lead integrity (2, 11, 50). The exercise intensity can range from workloads corresponding to 40% to 80% of O2peak on four to seven days per week and duration of continuous or accumulated activity of 20 to 60 minutes (11, 50). Note that it is likely that clients with pacemakers will benefit from supervision of their initial exercise program, perhaps as part of cardiac rehabilitation. 
	Resistance training can also be undertaken with an emphasis on lower body exercises performed in a circuit training format at 40% to 60% 1RM (2, 11, 34). 
	As a comprehensive part of exercise programming for the client with a pacemaker or ICD, incorporating activities of daily living throughout the day should also be encouraged. 

Important specific considerations for the exercise professional with clients with pacemakers or ICDs include the following. For clients with ICDs, their target heart rates for exercise training need to be at least 10% to 15% below the rate that will trigger an incorrect firing of the device (11). The client as well as the exercise professional also needs to be aware of symptoms associated with pacemaker malfunction that may include undue fatigue. While variable, symptoms may include syncope, dyspnea, dizziness, palpitations, or tachy- or bradycardia. It is further recommended that exercise professionals become familiar with the type of pacemaker for each client they are working with. Tables 6.13 and 6.14 summarize guidelines for aerobic exercise and resistance training for clients with a pacemaker or ICD. 








Pacemakers and ICDs

Case Study

Ms. A is a participant in her company’s wellness program. She is 75 years old with no history of heart disease and no significant risk factors. As part of that program she received a medically supervised graded exercise test and exercise prescription before beginning her exercise program. The baseline 12-lead electrocardiogram performed in a supine position indicated a second-degree heart block Mobitz type II with a ventricular response of 40 beats/min. This type of heart block is at the level of the AV node and is somewhat rare and usually associated with aging. What is surprising was that Ms. A was able to function with such a low heart rate. Needless to say, her exercise test was canceled for the day and she was taken to the emergency room. After consultation with her cardiologist, Ms. A underwent surgery to install a rate-responsive dual-chambered pacemaker. She indicated after the surgery how much better she felt to have a heart rate of 72 beats/min rather than 40. 

She returned avidly to her walking program with her family. It was also recommended that she consider a modest resistance training program, so she joined her daughter for exercise counseling with an exercise professional on a beginning program. Ms. A’s exercise professional prescribed a circuit-style resistance training program with an initial intensity of 40% 1RM, one set of 10 repetitions per exercise, and an emphasis on her lower body to facilitate her walking program: leg press, chest press, leg extension, seated row, seated hamstring curl, seated military press, calf raise, back extension. 

Recommended Readings

Brawner, C and Lewis, B. Pacemakers and implantable cardioverter defibrillators. In ACSM’s Exercise Management for Persons with Chronic Diseases and Disabilities. 4th ed. Durstine, JL, Moore, GE, Painter, PL, and Roberts, SO, eds. Champaign, IL: Human Kinetics, 149-154, 2016. 

Stewart, K and Spragg, DD. Cardiac electrical pathophysiology. In Clinical Exercise Physiology. 3rd ed. Ehrman, JK, Gordon, PM, Visich, PS, and Keteyian, SJ, eds. Champaign, IL: Human Kinetics, 297-313, 2013. 




Valvular Disorders 

Valvular heart disease (VHD) may be defined as damage to one of the valves that normally allows passive blood flow from the atria to the ventricles and from the ventricles to the aorta, pulmonary artery, or both (43). The symptoms experienced by individuals with VHD depend on the degree of damage as well as the valve affected and may include dyspnea, fatigue, pain, and palpitations. Causes include rheumatic fever, congenital issues, infection, and aging. Rheumatic fever is an inflammatory disease that affects the integrity of heart valves first, before affecting other body systems, and is still a major concern in developing countries (43). While VHD results in less than 1% of all CVD-related deaths, it has been estimated that 5 million American adults are diagnosed with moderate to severe VHD each year (43). 
Pathophysiology of Valvular Disorders
Valves affected by VHD manifest in two ways. The valves can become stenotic (narrowed) due to fibrosis or calcification (e.g., aortic or pulmonary stenosis) (56), or valves can be “incompetent,” meaning that they do not close completely, and regurgitation of blood back into a heart chamber is the result. The long-term impact of VHD regardless of location is an increase in pressure and size (hypertrophy) in all chambers of the heart (56). 
Common Medications Given to Individuals With Valvular Disorders
Atrial fibrillation and coronary heart disease are common comorbidities with VHD, and the exercise professional needs to be familiar with the medications associated with each of these conditions (38). Medications that may be used for individuals with VHD include ACE inhibitors (medications table 6.5), antiarrhythmics (medications table 6.4), antibiotics (no effects on exercise), diuretics (medications table 6.1), inotropes (digitalis) (medications table 6.6), β-blockers (medications table 6.3), and anticoagulants (medications table 6.2); the impact of these medications on the associated comorbidity has been discussed previously in this chapter (28). The type and amount of medication depend on the severity and location of the valve affected (generally aortic and pulmonary VHD are more serious) and the presence of comorbidities. For the most part, the medications just listed should have a positive impact on exercise capacity, with the most impact on the more severe disease. Ultimately, valve replacement surgery may be necessary to alleviate significant symptoms not helped by medications. 
Effects of Exercise in Individuals With Valvular Disorders
The exercise response for acute exercise varies and depends on the valve affected and the severity of the disease present (43). When VHD is modest with minimal symptoms, then the response to exercise is near normal, and so too are the cardiovascular and body composition benefits (43). Individuals with modest VHD will show the training responses associated with their most significant comorbidity, and the reader is referred to other sections of this chapter for details on those comorbidities. For severe VHD, in which symptoms are present at rest, exercise training may be contraindicated until other effective treatment can be performed (43). 
Exercise Recommendations for Clients with Valvular Disorders
Exercise programming recommendations have a wide range and are reflective of the varied location and severity of VHD experienced between clients. In order to best understand and recognize the individual nature of the response to exercise for those with VHD, supervised exercise testing is recommended before exercise training. 
 
	In general, the mode for aerobic exercise should be large muscle group activities such as walking, cycling, or jogging, and the intensity can range from workloads equivalent to 40% to 80% of peak O2 monitored by both heart rate and RPE (12-16 out of 20) (43). Recommended duration is continuous or accumulated activity of 20 to 60 minutes per day, which may consist of multiple bouts of as little as 10 minutes, at a frequency of four or more days per week (43), in conjunction with engagement in activities of daily living. 
	Resistance training can be performed at a very light level of 30% to 50% 1RM for clients with VHD and symptoms (2, 18, 34).

Specific recommendations for the exercise professional include using a longer warm-up and cooldown (10-15 minutes), being cognizant of the special considerations for any present comorbidities, and potentially avoiding all resistance training for clients with symptomatic aortic or pulmonary stenosis. Tables 6.15 and 6.16 summarize guidelines for aerobic exercise and resistance training for clients with valvular disorders. 








Valvular Disorders

Case Study

Mr. T is 23 years old with a history of mitral valve prolapse. He denies significant symptoms from this condition and indicates that his “valve problem has never limited his activity.” He has no other significant health problems and wants to run the half marathon in his city with help from an exercise professional. Since he is asymptomatic and his physician has cleared him to train for this event, the exercise professional developed a 12-week progressive program that started with brisk walking, progressed to walk-jogging, and then finally to jogging. Mr. T completed the half in less than 2.5 hours. 

Recommended Readings

Parker, M. Valvular heart disease. In ACSM’s Exercise Management for Persons With Chronic Diseases and Disabilities. 4th ed. Moore, G, Durstine, J, and Painter, P, eds. Champaign, IL: Human Kinetics, 155-162, 2016. 




Cardiovascular Surgical Procedures: Coronary Artery Bypass Graft and Percutaneous Transluminal Coronary Angioplasty 

Coronary artery bypass grafting (CABG) may be defined as open heart surgery in which the rib cage is opened and a section of a blood vessel is grafted from the aorta to the coronary artery to bypass the blocked section of the coronary artery and improve the blood supply to the heart (22, 44). There are also less invasive procedures available to perform the bypass. Coronary artery bypass grafting provides the surgical “bypass” of the lesion using either the saphenous vein or the internal mammary or gastroepiploic arteries. This procedure becomes necessary as a result of atherosclerotic lesions in blood vessels of the heart. Lesions are usually considered clinically significant at 50% blockage as identified by cardiac catheterization. Bypassing the blockage is achieved by harvesting an appropriate blood vessel, such as the saphenous vein from the leg, radial artery, or other viable donor vessel, and grafting around the coronary artery obstruction. Coronary artery bypass grafting is usually the final choice for treatment of atherosclerotic heart disease after medical management or catheter-based techniques such as percutaneous transluminal coronary angioplasty have not been effective in alleviating symptoms. 

Percutaneous transluminal coronary angioplasty (PTCA) and percutaneous coronary intervention (PCI) are catheter-driven treatments for coronary atherosclerosis in which a balloon-tipped catheter is guided to the site of the lesion and expanded with the purpose of reducing the plaque and restoring blood flow (22, 44). A variety of catheter-driven techniques are available including stent placement, rotational atherectomy, and laser. More than 700,000 individuals undergo PTCA each year (22). 
Pathophysiology of CABG and PTCA
When atherosclerosis, defined as the accumulation of plaque on a wall of the artery, becomes significant (>50%) or advanced, leading to an appreciable occlusion of the coronary arteries, this blockage is the underlying pathology associated with a need for catheter-driven procedures such as PTCA or PCI or surgical treatment such as CABG (22). Risk factors associated with the development of atherosclerotic lesions include HTN, hyperlipidemia, diabetes, and family history, among others (39). 
Common Medications Given to Individuals With CABG or PTCA
Common medications for individuals who have undergone CABG or PTCA are prescribed for the primary purpose of risk factor reduction and decreased work on the heart, as well as reducing mortality and morbidity, and include lipid-lowering medications (statins) (medications tables 6.2 and 6.5), calcium channel blockers (medications table 6.1), β-blockers (medications tables 6.1, 6.3, 6.4, 6.5, and 6.6), anticoagulants (medications tables 6.2, 6.5, and 6.6), and antiarrhythmics (medications table 6.4) (28). The medications associated with reduced workload on the heart (calcium antagonists and β-blockers) have the ability to increase exercise capacity, although the surgery itself has a substantial impact on exercise tolerance. 
Effects of Exercise in Individuals With CABG or PTCA
If the surgery and intervention are successful, both acute and chronic responses to exercise are near normal (22). The chronic aerobic training responses most relevant to this population include an increase in the arrhythmia threshold as well as other more commonly expected improvements in cardiovascular and muscular functioning from such training (e.g., increased O2max, lower heart rate and blood pressure at fixed submaximal workloads, decreased weight) (22). Other training outcomes related specifically to individuals with CABG or PTCA include restoration of normal contractility, increased chronotropic response, and reduced symptoms of angina. 
Anecdotally, CABG and PTCA clients may express feeling so much better after their surgery or intervention that they think they are “cured” such that exercise and other lifestyle changes are not necessary. The exercise professional will need to provide education regarding the lifetime of surgical grafts (5-7 years for saphenous; 20-25 for arterial) and the importance of lifestyle changes in maximizing that lifetime. The surgery or intervention is not a cure but rather a treatment for a symptom. 
Exercise Recommendations for Clients With CABG or PTCA
As previously discussed in this chapter regarding those with cardiovascular pathology requiring CABG or PTCA, medically supervised graded exercise testing should be undertaken to determine the safety of exercise training as well as the thresholds needed for exercise programming. The initial exercise programming for CABG should be done as part of cardiac rehabilitation. In the early stages after PTCA, patients do better than with CABG and can likely exercise in a health club setting with qualified personnel. 
 
	The mode for aerobic exercise is usually large muscle group activities such as walking, jogging, or cycling; brisk walking in particular has been shown to be highly efficacious (22). The intensity can be at workloads corresponding to 40% to 80% of O2 or heart rate reserve (22, 44). Rating of perceived exertion can also be used to determine intensity (12-16 out of 20) for the client who has been educated regarding use of the RPE scale. Exercise training can be performed four to seven days per week for 20 to 60 minutes of continuous or accumulated activity. 
	In conjunction, performance of activities of daily living that include higher levels of energy expenditure should be encouraged to enhance fitness gains and caloric expenditure, as well as encourage the client after revascularization to have confidence in performing these activities. 
	Resistance training can be performed in a circuit weight training format using 8 to 10 exercise stations, beginning with a light-intensity program (40-60% 1RM) and progressing to 80% 1RM as tolerated (2, 34). 

Specific considerations in exercise training for clients following CABG or PTCA include the following. If symptoms related to angina return, this may be an indicator of vessel occlusion and requires immediate attention; the client needs to be made aware of this concern. For clients who have undergone invasive CABG, the chest wall needs to be observed and healed before upper body exercises are added to the exercise programming. This recovery usually takes about two to four weeks, and the medical supervisor can confirm when upper body exercises can be added to the program. Flexibility and range of motion are critical considerations for post-CABG care if the surgery was invasive. For selected clients, HIIT may be tolerated as their program progresses (29). Tables 6.17 and 6.18 summarize guidelines for aerobic exercise and resistance training for clients with CABG or PTCA. 








CABG and PTCA

Case Study

Mr. D was brought into the emergency room at a local hospital with chest pain, profuse sweating, nausea, and dyspnea. After it was determined that he was having an MI, he was sent to the catheterization lab for emergency PTCA to alleviate the blockage in his coronary arteries and restore blood flow. Unfortunately, the PTCA resulted in a tearing of the affected coronary artery, and Mr. D was rushed into emergency CABG. After successful quadruple bypass surgery, Mr. D was referred to cardiac rehabilitation for exercise training and risk factor education. He successfully finished 36 sessions of rehabilitation and was referred to his exercise professional at a local fitness club for the development of a subsequent program. 

Mr. D’s exercise professional prescribed an integrated aerobic and resistance training program of brisk walking four days per week and two sessions of resistance training on nonconsecutive days. Mr. D was trained in the use of RPE during rehabilitation, so for his aerobic conditioning he was initially prescribed 20 to 25 minutes of continuous brisk walking at an RPE of 12 to 16, based on information from his progression during rehabilitation. For resistance training, he was prescribed two sets of a circuit—seated leg press, leg extension, seated hamstring curl, calf raise, seated machine alternating chest press, lat pulldown, seated shoulder press, biceps curl, and triceps extension—at 60% 1RM, with 10 repetitions for each exercise and 30 seconds recovery between each. 

Recommended Readings

Cooper, C, Dolezal, B, Durstine, J, Gordon, B, Pinkstaff, S, Babu, A, and Phillips, S. Chronic conditions very strongly associated with tobacco. In ACSM’s Exercise Management for Persons With Chronic Diseases and Disabilities. 4th ed. Moore, G, Durstine, J, and Painter, P, eds. Champaign, IL: Human Kinetics, 95-114, 2016. 

Patterson, MA. Revascularization of the heart. In Clinical Exercise Physiology. 3rd ed. Ehrman, JK, Gordon, PM, Visich, PS, and Keteyian, SJ, eds. Champaign, IL: Human Kinetics, 239-258, 2013. 




Conclusion 
The important overarching theme of this chapter for the exercise professional is that many of the conditions covered exist as comorbidities; that is, it is quite rare to find these cardiovascular conditions in isolation. For example, the individual with CHF likely has a history of a past MI. Thus the exercise professional must be aware of the issues associated with each condition and how they may interact to influence the exercise response. Exercise programming that results in an increase in fitness for individuals with comorbidities may tease out the true limiting factor for the exercise professional to focus on as she designs and modifies the exercise training. Within the limits of safety for each client, exercise professionals are limited only by their creativity for designing safe and effective exercise programming. 
Key Terms
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	cardiac conduction defect
	cardiac output
	chronic heart failure (CHF)
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Study Questions
 
	When exercising with individuals who have hypertension, what precaution might be necessary for individuals taking β-blockers? 	watching out for signs of increased blood volume
	use of an alternate index of intensity, besides heart rate
	care in changing postural positions to avoid transient hypertension
	ensure that the individual has eaten recently, as blood sugar may be depressed


	Which of the following is true of exercise with individuals with stable angina? 	The ability to exercise will differ each day, since symptoms can appear at rest.
	It is possible to know at what intensity the angina will appear and to design an exercise regimen accordingly.
	A supervised exercise test is not necessary before training, given the predictable nature of this particular disorder.
	During aerobic exercise, heart rate should be around 3 to 5 beats/min below the threshold where symptoms appear.


	What is one underlying cause of low exercise tolerance in individuals with chronic heart failure? 	ischemia or tissue death in the left ventricle
	low total fluid volume in the cardiovascular system
	leg pain appearing during normal activities such as walking
	increased muscle lactate accumulation at low-intensity exercise


	What is the most common long-term physiological result of valvular disorders? 	cardiac arrhythmias
	lifetime reliance on diuretics
	myocardial hypertrophy and increased cardiac pressure
	regular chest pain with onset during low-intensity exercise
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After completing this chapter, you will be able to
 
	describe the immunologic and hematologic disorders and the characteristics associated with the various diseases,
	understand the short-term and long-term effects of the diseases,
	describe the pathophysiology of each disease,
	discuss the common medications used in the treatment of each disease,
	discuss the benefits and contraindications of exercise for each disease, and
	develop an exercise program for an individual with each disease.

The immune system consists of molecules, cells, tissues, and organs that function to defend the body against infection by foreign substances, such as bacteria, viruses, parasites, and other infectious organisms that might cause disease or illness (66). Systemic autoimmune diseases represent a broad range of related diseases characterized by altered immune system function that results in the immune cells attacking healthy tissue (186). Consequently, these conditions often result in an inappropriate inflammatory response and widespread tissue damage to multiple bodily systems. Common autoimmune disorders include rheumatoid arthritis, lupus, chronic fatigue syndrome, and fibromyalgia. 
The etiology of the hematologic disorders is known, but the exact etiology of most autoimmune disorders is unclear. Immunologic and hematologic disorders may stem from a combination of genetics, history of infection, environmental factors, and endocrine function (186). For most autoimmune and hematologic disorders, the main focus of an intervention relates to minimizing symptomatology and further damage, developing effective management and coping strategies, improving functional abilities, and improving quality of life rather than curing the condition. 
The most common hematologic disorders include human immune deficiency (HIV) or acquired immune deficiency syndrome (AIDS), sickle cell anemia, and hemophilia. The latter two conditions affect the tissues and systemic structures by different means.
Sickle cell anemia alters the red blood cells and transportation of the blood to the tissues, causing damage to the structures and organs (50). Hemophilia, on the other hand, results in repetitive and often life-threatening bleeding. If left untreated, it can lead to other clinical manifestations and poor quality of life (162). 



Rheumatoid Arthritis 

Rheumatoid arthritis (RA) is an autoimmune disease that causes chronic inflammation of the joints of the body (59, 199). The risk for developing the disease is less than 5% for either sex, although it is higher for women than for men (56). It typically affects people over the age of 40, but can occur earlier. The long-term effects of the disease are atrophy of muscles (190), joint deformity, and disability (22). This disability results in a gradual decline in physical mobility and quality of life and in premature death (110). As an autoimmune disease, RA has been found to be linked to other serious conditions, such as cardiovascular disease, anemia, lupus, interstitial lung disease, Sjogren's syndrome or dry eyes and mouth, vasculitis, osteoporosis, and reduced kidney function (45, 93, 97, 201). Individuals with RA are also at a great risk for falls and osteoporosis. There are many psychosocial issues associated with RA as well, such as depression, decrease in quality of life, work disability (204), decreased self-efficacy, and changes in lifestyle and environment (86). 
History and Demographics of Rheumatoid Arthritis
Rheumatoid arthritis is the most common autoimmune disease (206). It typically occurs in individuals with ancestors from Asia or Europe (103). The condition manifests more often in women (70% of the time) (110) and in smokers (211) and affects 1% of the world’s population (171). Family history has also been identified as a risk factor for RA (4). Interestingly, pregnancy may cause remission of the disease, and there is a decreased risk of disease development in women who breast-feed their babies (120). Zhang and colleagues (223) suggest that there is a relationship between low socioeconomic status, lower education levels, and pain perception in those with RA. Many individuals with RA are inactive (101). 
Pathophysiology of Rheumatoid Arthritis

Inflammation is typically a normal protective response against foreign substances. But in the case of RA, the immune system releases antibodies that cause an inflammation to attack the cartilage and synovial lining of the joints (synovitis). The synovia provides a protective layer for the joint and tendon. As the inflammation progresses it causes a thickening of the lining of the joint and the joint becomes filled with synovial fluid. Most frequently, it begins with the wrists, fingers, and hands; individuals with RA initially complain of pain, stiffness, and localized swelling. The swelling and inflammation can cause lumps beneath the skin or rheumatoid nodules and deformity of the joint. Joint damage and disabilities increase gradually over a period of 10 to 20 years characteristically (171). As the disease progresses, the inflammation spreads to other systems, damaging other tissue, such as the lining of the heart (myocarditis) and lungs (interstitial lung disease) and vessels associated with other organs, such as the kidneys (97). RA is often characterized by high blood pressure, fever, inability to maintain body mass, and fatigue or unexplained tiredness (211). 
In 2010, the American College of Rheumatology in collaboration with the European League Against Rheumatism developed an updated system to classify RA. The main purpose of the new system was to encourage identification of RA before symptoms such as nodules or joint damage become apparent. Criteria include the number of joints affected and size of the joints, the presence of rheumatoid antibodies, acute response, and duration of symptoms. Classification for RA requires a score >6 out of a possible 10 (14). 
At this time there is no cure. The predominant treatment and management goal should be to control the inflammation caused by the disease. Through control of inflammation, the pain commonly associated with RA can be minimized (84). This has the effect of allowing individuals to maintain activity levels and health (59) and reducing the long-term complications associated with the disease. 
Common Medications Given to Individuals With Rheumatoid Arthritis
Individuals suffering from RA typically use medications aimed at reducing the inflammatory process associated with this disorder. According to Wasserman (211), these medications may include nonsteroidal anti-inflammatory drugs (NSAIDs) that block the inflammatory responses and affect the function of the white blood cells. Nonsteroidal anti-inflammatory drugs are typically used for the short-term management of RA (211). 

Disease-modifying antirheumatic drugs (DMARDs) reduce the progression of joint damage and disability. Disease-modifying antirheumatic drugs are classified as synthetic DMARDs, biological response modifiers, and glucocorticoids. The DMARDs are taken alone or in conjunction with other DMARDs, with NSAIDs, or with corticosteroids or biologics; this is commonly referred to as combination therapy. The DMARDs suppress the immune system, putting individuals at risk of infections and cancer. Synthetic DMARDs are slow to act, usually taking weeks to months to show benefits. They are often given early in the diagnosis of RA to minimize the joint damage. Their side effects are minimal (71). 
The biologics act as an inhibitor that blocks the body’s immune response. Biologic response modifiers are genetically engineered agents that act to stimulate the body’s response to infection (19). Intra-articular corticosteroid injections reduce joint inflammation and thus pain and have also been found to improve range of motion (147). Corticosteroids mimic the hormone cortisol and help to control inflammation. However, the effect lasts for only a few weeks or months. There are many forms of corticosteroids, allowing individuals many choices of application. See medications table 7.1 near the end of the chapter. 
Effects of Exercise in Individuals With Rheumatoid Arthritis
Individuals with RA should meet the minimum requirements for exercise prescribed for healthy populations (2). Without regular exercise, individuals with RA will suffer the same effects of a sedentary lifestyle seen in healthy individuals (52). Consistent cardiovascular training can be helpful to reduce the health risks of cardiovascular disease (160), obesity, and diabetes. It has been found that moderate intensity aerobic exercise (65% to <75% of calculated maximal heart rate [MHR]) can be beneficial for individuals with RA, providing many protective cardiovascular, strength, and functional benefits (63, 173), and possibly even altering the pathophysiology of the disease (199). 
Resistance training can reduce RA-associated muscle atrophy and subsequent strength loss (190) that can lead to osteoporosis and frequent falls. Regular resistance training can be beneficial for most individuals, including those with RA. A number of studies have examined resistance training in individuals with RA and reported positive results (30, 131, 190). Strasser and colleagues (190) found positive physiological effects with a resistance training program that progressed to three or four sets of 10 to 15 reps at about 70% 1RM (one repetition maximum) for all major muscle groups. 
The training programs for individuals with RA examined by Strasser and colleagues (190) and Breedland and colleagues (30) were programs that used both resistance training and cardiovascular training. Both training interventions were relatively short (eight weeks and six months, respectively). Cycle ergometry was initiated at 60% heart rate reserve for 40 minutes twice a week. The Breedland and colleagues (30) study or “FIT program” incorporated an educational component in addition to the physical training, teaching self-management techniques to assist individuals in managing their disease. Research has also reported positive effects on balance and range of motion from other types of training such as yoga (75) and tai chi (98). 
When prescribing exercise, it is important that the exercise professional consider how clients perceive the benefits of exercise and their limitations, the environment, and barriers to exercise (207), as well as home exercise programs versus supervised exercise programs. There are also social benefits of participating in supervised group exercise programs. 
Exercise Recommendations for Clients With Rheumatoid Arthritis
Program design guidelines for clients with RA are summarized in table 7.1. Exercise professionals should consider the client’s interests, fitness levels, classification of RA, current and acute pain levels, and goals when prescribing exercise. A warm-up should consist of dynamic activity, performed at light to moderate intensity. For those with a high rheumatism classification or those experiencing inflammation or pain, no-impact to low-impact large-muscle activities should be encouraged, such as walking, swimming, biking, elliptical or rowing machines, or water activities (e.g., water aerobics and water walking or running). Persons with RA should start at a light to moderate level of exercise but progress to moderate- to high-intensity aerobic activities. Running and sport (if tolerated) should be conducted two to five days per week with a goal of most, if not all, days per week, at an intensity of 55% to 85% maximum predicted heart rate (30, 203, 224). Clients should be encouraged to do resistance training to strengthen all major muscle groups at 40% to 80% 1RM two or three days per week, progressing from one or two sets initially to three or four sets of 10 to 15 reps. A combination of intermittent aerobic activities and resistance training at an intensity that is tolerated can be recommended. Exercise professionals should consider the primary joints affected by the RA and modify activities accordingly. Balance and range of motion from other types of training such as yoga, tai chi, and stretching should be encouraged as well. It’s important to monitor the client’s pain levels and adjust exercise accordingly. The cooldown should consist of 5 to 10 minutes of light-intensity aerobic activity and static stretching. 




Rheumatoid Arthritis

Case Study

 
	Sex: Female
	Age: 58
	Height: 5 feet, 8 inches (1.73 m)
	Weight: 150 pounds (68 kg)
	Body fat: 23%
	Body mass index: 22.8
	Resting heart rate: 75 beats/min
	Blood pressure: 122/82 mmHg
	Estimated O2: No test was performed due to limited mobility 

History

Ms. K, who is 58, was diagnosed with RA 20 years ago. Since her diagnosis, she has had numerous foot surgeries, as well as three wrist surgeries due to RA damage. For the past 18 months, she has been performing tai chi twice a week. Due to compromised ankle motion and arthritic changes in her knees from RA, she is unable to perform any weight-bearing aerobic exercise. Ms. K is eager to increase her strength and to understand how resistance training can be performed within the limitations of her RA. Having met with her primary physician, she was encouraged to seek the advice of a certified exercise professional for further advice on exercise. 

Intake

Ms. K met with an exercise professional at her local fitness club. The exercise professional took a full medical history and did basic range of motion testing for all joints, took an estimate of cardiopulmonary capacity, and conducted an isometric strength battery. Ms. K was also encouraged to seek the advice of a registered dietician to aid in this process. 

Goals

Ms. K and her exercise professional agreed on the following goals:

 
	Increase aerobic capacity
	Increase overall strength
	Increase flexibility and joint mobility

Initial Training

The exercise professional encouraged Ms. K to incorporate nonimpact aerobic activity for a change of pace, such as water walking two or three days per week. Ms. K seemed to enjoy the socialization of the group water classes that incorporated a combination of nonimpact aerobic activity, strengthening associated with the resistance of the water, and stretching into a 1-hour session. The exercise professional guided Ms. K to progress slowly so as to avoid excessive fatigue and a possible flare. 

Exercise Progression

After eight weeks, Ms. K met with the exercise professional to reevaluate her progress. She was doing so well that they decided to incorporate some resistance training for all the major muscle groups into her program as tolerated, with a goal of one or two times a week, 8 to 10 exercises for two or three sets of 10 repetitions at 70% 1RM, with her aerobic class schedule. She started at two times a week and has been able to increase to three times a week. The exercise professional recommended that Ms. K progress slowly so as to avoid excessive fatigue and a possible flare. 

Outcomes

Ms. K did not experience any flares during the time period and is enjoying her improved aerobic capacity, joint mobility, and strength. 

Key Point
Exercise professionals should be very aware of how clients respond to training and be willing to adjust frequency, intensity, and time as needed. For clients with RA, these adjustments may be based on pain. 
Training Recommendations and Contraindications for Clients With RA

 
	Make exercise a regular part of the daily routine.
	Choose aerobic exercises at a tolerated intensity such as biking, walking or jogging, swimming, water walking, water aerobics, tai chi, or yoga. 
	Avoid ballistic motions when training. Use smooth, controlled movements that will reduce the chance of injury and allow proper control of movement. 
	Vary the modes of aerobic and resistance training to avoid repetitive-motion injuries.
	Allow extra time for adaptation when beginning any new form of training. Reduce intensity of the following workout until fatigue and soreness subside. 
	Sometimes joint pain is reflective of muscle stiffness. Gentle flexibility exercise may help alleviate joint pain.
	Work within the physical and mental limitations of RA. Remember, moving regularly makes the difference.




Lupus 

Lupus erythematosus (lupus) is a multisystem idiopathic disease characterized by both acute and chronic inflammatory destruction of the skin, joints, blood elements, kidneys, serosa, nervous system, and other tissues (112). This autoimmune disease encompasses a broad range of cutaneous pathology (170). For individuals with lupus, autoantibodies in the bloodstream may target healthy tissues rather than fight foreign infectious agents that cause defects in both humoral and cellular immune responses (124, 216). 
At one end of the lupus disease spectrum is a condition referred to as discoid lupus erythematosus (DLE), which primarily affects the skin without internal disease. On the opposite end of the spectrum, systemic lupus erythematosus (SLE) is much more serious. Systemic lupus erythematosus may be classified as either nonorgan threatening or organ threatening (216). 
History and Demographics of Lupus
According to the Lupus Foundation of America (135), it is estimated that 1.5 million Americans, and up to 5 million people worldwide, have some form of lupus. Incidence rates of the most common type of lupus, SLE, are dependent on sex and race (41, 193). Similar to most autoimmune disorders, lupus appears to disproportionately affect females (10:1 female-to-male ratio), with the onset of symptoms typically occurring between the ages of 15 and 45 (216). For this reason, lupus is described as predominantly a young woman’s disease that shortens life expectancy, and it is associated with significant health issues and reduced quality of life (124). With regard to the occurrence of SLE and race, the highest rates are seen among Afro-Caribbean people, followed by Asians, and then Caucasians (105). Some of the signs and symptoms associated with lupus are fatigue, sleep disturbances, low levels of physical fitness, depression, cognitive impairment, malar and discoid rash, photosensitivity, oral ulcers, arthritis, renal disorder, neurologic disorder, hematologic disorder, and antinuclear antibodies (23, 69, 99, 163). 
Pathophysiology of Lupus
The exact cause or causes of lupus are uncertain. Although lupus is an autoimmune disorder, at this time it appears that the activation of this disease is likely the culmination of several predisposing features, such as genetics, environmental factors, and various hormonal factors (172). The primary physiological factors associated with SLE are cytokine dysregulation, polyclonal B-cell activation, autoantibody production, and increased immune complex formation involving hyperactive B and T cells (150). Assuming the proper predisposition to develop lupus, a variety of environmental “triggers” have been identified that may activate this illness or produce a flare of symptomatology. Such triggers include ultraviolet rays from the sun; ultraviolet rays from fluorescent bulbs; sulfa drugs that produce photosensitivity; penicillin or other antibiotic drugs; an infection, cold, or other viral illness; exhaustion; injuries; and emotional stress or stressful traumas to the body (135). 
Presently, there is no known cure for lupus. The majority of treatment options for this condition focus on the prevention of symptom “flare-ups” as well as minimizing tissue damage and health complications associated with this disorder (216). Treatment regimens for lupus involve a variety of strategies including anti-inflammatory medications, exercise, nutritional supplementation, corticosteroids, and in some cases chemotherapy (216). 
Common Medications Given to Individuals With Lupus
Many of the medications used by persons with lupus are also used by those with RA. See medications table 7.2 near the end of the chapter. Most are selected to reduce the inflammatory process. They include NSAIDs, corticosteroids, antimalarial medications, immunosuppressive medications, and dehydroepiandrosterone (DHEA) (158, 195). Nonsteroidal anti-inflammatory drugs are not known to have negative impacts on exercise performance; to the contrary, they have been shown to reduce exercise-induced fatigue (58, 133). Some evidence suggests that NSAIDs like ibuprofen may inhibit certain prostaglandins responsible for signaling translational responses to resistance exercise (143). This could over time attenuate the exercise recovery process.
Most who take antimalarial drugs experience no side effects; however, should they occur, they are usually minor and persist for only a short time. Side effects that may interfere with exercise could include skin rashes, loss of appetite, abdominal bloating and cramps, and possibly muscle weakness (195). Corticosteroids can affect longer-term exercise responses in multiple ways, most of which are negative. Negative effects may include weight gain, redistribution of fat, hypertension, and increased cholesterol (195). Collectively, the most commonly used immunosuppressant medications do not appear to inhibit exercise response or capacity, but may have side effects that make exercising difficult or uncomfortable. For example, these drugs are known to increase susceptibility to colds and infections, suppression of fever symptoms, nausea, vomiting, diarrhea, abdominal pain, headache, dizziness, and sensitivity to sunlight (195). DHEA is an unapproved medication for those with lupus. It is not known to have negative effects on exercise performance or responses, and DHEA has been shown to be beneficial to people who are elderly as it may enhance muscle mass and strength as a result of heavy resistance training (208). Possible side effects of DHEA include acne, facial hair growth, oily skin, excessive sweating, lowered high-density lipoprotein in women, and increased estrogen levels in postmenopausal women. 
Effects of Exercise in Individuals With Lupus
While there is not an extensive body of literature regarding the physiological effects of exercise on individuals with lupus, there is a growing body of work on the effects of exercise on attenuation of lupus-related symptoms. Much of the research in this area specifically used individuals with SLE. Most recently, the effects of a one-year high-intensity aerobic training program using women with mild to moderate SLE found improvements in O2max and no change in health-related quality of life. It was noted that individuals with lupus tolerated this training very well as the organs showed no sign of further damage (29). Other investigations have reflected this observation (47, 152). With regard to managing the symptomatology of lupus, other investigations using aerobic exercise have shown improvements in fatigue and improved exercise tolerance, aerobic capacity, quality of life, and anxiety and depression (62, 107, 194). The utilization of resistance training in research protocols is much less common. One investigation comparing the efficacy of light-intensity cardiovascular training versus moderate resistance training in individuals with lupus found that both forms of training improved quality of life, but cardiovascular training was more effective (6). Another investigation used a similar design to compare the same two types of training and found that both forms of training were safe and did not worsen SLE disease activity. This investigation showed improvements in fatigue, functional status, cardiovascular fitness, and muscular strength (174). The benefits of exercise to the individuals with lupus notwithstanding, it should be noted that excessive levels of physical activity or exercise may intensify fatigue and result in excessive pain in the joints following a training session. This can result in the cessation of physical activity for several days in order to recover (216). For some clients, exercise programming may focus on symptom management and improving or maintaining one’s ability to perform basic activities of daily living and not pushing physical limits (216). 
Exercise Recommendations for Clients With Lupus
Program design guidelines for clients with lupus are summarized in table 7.2. Due to the nature of lupus and the variability of symptoms, initial exercise programming for this population should be both individualized and conservative. As with otherwise well populations, signs and symptoms of poor adaptation to training should be observed. Such indicators may include but are not limited to excessive or prolonged soreness, joint pain, and fatigue well beyond lupus symptoms and lack of exercise tolerance or lack of progress. Routinely communicating with the client is necessary to ensure progress. 




Many clients with lupus suffer from significant reductions in cardiorespiratory health and capacity (23). Thus it is not uncommon for these clients to experience a higher incidence of comorbidity, such as obesity, hyperlipidemia, high blood pressure, and metabolic syndrome, than the general population (23). Therefore, a great deal of emphasis has been placed on improving the aerobic fitness levels of those with lupus (23). Additionally, it is prudent that they not exceed a 10 to 12 rating on Borg’s perceived exertion scale. It is recommended that clients initially begin with three 10-minute bouts or two 15-minute bouts, three or four days per week as symptoms allow. Clients should progress to one 30-minute bout of continuous cardiovascular exercise three or four days per week as tolerance and symptoms allow. However, it should be noted that this is a conservative approach. Because lupus symptoms and tolerance levels vary dramatically, clients may progress at widely differing levels. 
Resistance training has been proposed as a potential method to support, protect, and strengthen joints that may be negatively affected by lupus (216). Furthermore, strength training may also help improve the ability to successfully complete basic activities of daily living (ADL), improve physical parameters, aid in the reduction of postexertional fatigue, and enhance the chances of maintaining independent living. 
With a novice client, it is recommended that resistance training programs include 8 to 10 exercises focusing on the large muscle groups, performed two or three days per week depending on the client’s current training status and symptomatology. Initially, clients should aim for two or three sets of 10 to 12 repetitions (40-60% 1RM) per exercise at light- to moderate-intensity levels. Rest periods of 1 to 2 minutes are recommended; however, client symptoms may necessitate longer rest. Should severe or prolonged muscle soreness or fatigue ensue following training, the intensity of the next training session should be modified and the total volume of training reduced to improve exercise tolerance and prevent further symptom flare-ups. 
Stretching may aid in improving or maintaining flexibility and joint range of motion by lengthening tight and shortened muscle fibers related to musculoskeletal pain caused by lupus (216). It is recommended that the client initially attempt to hold each stretch at the point of mild discomfort for approximately 5 to 10 seconds and progressively increase the duration of each stretch up to 10 to 20 seconds. 
Lupus

Case Study

 
	Sex: Female
	Race: African American
	Age: 32
	Height: 5 feet, 5 inches (1.65 m)
	Weight: 185 pounds (84 kg)
	Body fat: 32%
	Body mass index: 30.8
	Resting heart rate: 77 beats/min
	Blood pressure: 142/94 mmHg
	Temperature: Normal

History

Mrs. D is a parts manager at an auto dealership. Her job entails standing for long periods of time and retrieving sometimes heavy auto parts for customers. She was diagnosed with SLE eight years ago and currently has untreated hypertension. She experiences acute inflammatory arthritis in her joints and persistent muscle pain. Over the past several months she has experienced generalized weakness, reduced mobility, and overall fatigue. She currently takes NSAID medication to help with arthritis pain. Due to her symptoms, she has avoided regular physical activity. Additionally, she has taken a leave of absence from work as it has become too painful to stand for long periods of time. 

Goals

Mrs. D would like to work toward the following goals:

 
	Strengthen her body and improve her physical capacity
	Return to work and daily activities with less pain and fatigue
	Reduce blood pressure
	Improve body composition

Initial Intake

Before beginning an exercise intervention, Mrs. D’s primary physician gave her clearance to begin a modest but progressive exercise regimen. Mrs. D met with an exercise professional at her local fitness club. The exercise professional took a full medical history, took an estimate of cardiopulmonary capacity (e.g., the University of Houston Non-Exercise Test), and performed an isometric strength battery. Body composition was assessed using bioelectric impedance. The exercise professional recommended a progressive resistance training program, flexibility training, and a regimen of cardiopulmonary exercise. It was also recommended that Mrs. D seek nutritional counseling to help promote general health, aid with weight loss, and help to address her hypertension. 

Training sessions began with three 5-minute aerobic intervals consisting of walking, twice per week. Heart rate changes were monitored during aerobic training. Following aerobic training, gentle static stretching was performed for all major muscle groups. All stretches were held for 10 seconds and repeated a second time as tolerated. Resistance training consisted of basic multijoint, bodyweight movements. Five or six movements that were reasonably well tolerated by the client were initially performed for one set of up to 10 to 12 repetitions. Two-minute rest periods were used. All resistance training movements were executed in a slow, controlled manner. Movements were terminated below the level of volitional fatigue and within the client’s pain-free range of motion. 

Exercise Progression

Aerobic interval time was gradually increased by 1 to 2 minutes each week until several weeks later; a single 30-minute effort was tolerated at each training session. Resistance training was then to progress from bodyweight movements to elastic bands to most other forms of resistance training. Resistance training was to progress until two or three sets of 8 to 10 movements could be performed; it could turn out to be necessary to use a split program in which different body parts are worked on different days. Static flexibility training could be performed separately or incorporated between resistance training sets. Training schedules were to be flexible to reduce the instances of flare-ups and pain. Progress could be slower to accommodate reduced recovery. 

Outcomes

With consistent effort over several months, Mrs. D was able to reach most of her goals. She was eventually able to return to full capacity at work. The pain in her joints, muscle weakness, and fatigue were significantly reduced, but not to normal levels. With dietary modification, moderate weight loss, and increased physical activity, blood pressure was reduced. 

Key Point
Clients with lupus should allow extra time for adaptation when beginning any new form of training. Reduce intensity during the following workout until fatigue and soreness subside. Moving regularly makes the difference. 
Training Recommendations and Contraindications for Clients With Lupus

 
	Making exercise a regular part of the daily routine can lessen the chances of flare-ups.
	Choose low-impact aerobic exercises such as biking, walking, swimming, tai chi, or yoga.
	Avoid ballistic motions when training. Use smooth, controlled movements that will reduce the chance of injury and allow proper control of movement. 
	Vary the modes of aerobic and resistance training to avoid repetitive-motion injuries.
	Allow extra time for adaptation when beginning any new form of training. Reduce intensity of the following workout until fatigue and soreness subside. 
	Sometimes joint pain is reflective of muscle stiffness. Gentle flexibility exercise may help alleviate joint pain.
	Work within the physical and mental limitations of lupus. Remember, moving regularly makes the difference.




Chronic Fatigue Syndrome 

Chronic fatigue syndrome (CFS) is an autoimmune disorder of unknown origin that is characterized by persistent, medically unexplained fatigue lasting for at least six months and is unrelieved by bed rest (9, 24). Although symptoms and fatigue levels vary considerably among individuals with CFS, most people experience significant reductions in health, physical activity, and overall quality of life (53). 
History and Demographics of Chronic Fatigue Syndrome
Although awareness of CFS has increased mainly over the last few decades, cases of individuals with CFS-like symptoms were recorded in the medical literature as early as the late 1800s. Historically, CFS has been known as Iceland disease, Royal Free disease, and chronic Epstein-Barr syndrome (53). In the 1980s and 1990s, CFS was nicknamed the “yuppie flu” as it was thought to be more prevalent among well-educated, upper middle class persons and professionals (10). However, studies reveal that CFS incidence rates actually appear to be highest among minority groups with lower levels of education and occupational status (10, 113). The prevalence rate of CFS in the general population is unclear; however, the literature indicates that approximately 0.007% to 2.8% of adults may suffer from this condition (10, 74). While CFS is not considered sex specific, women constitute approximately 83% of all diagnosed cases (222). The onset of the condition generally occurs sometime between the ages of 20 and 50 (53). 
Other than debilitating fatigue, the myriad other symptoms associated with CFS include sore throat, nausea, dizziness, painful lymph nodes, headaches, low-grade fever, nonrestorative sleep, sleep disturbances, cognitive impairment, and depression (74, 148, 220). In addition, CFS is often present in conjunction with a variety of other conditions, such as irritable bowel syndrome, multiple chemical sensitivities, and temporomandibular joint (TMJ) disorder (10). Furthermore, many individuals with CFS experience chronic musculoskeletal impairments such as myalgia. Approximately 35% to 75% also meet the diagnostic criteria for fibromyalgia (148). This has led some to conclude that fibromyalgia should be considered an important subclass of CFS (148, 192). Most recently, a new set of diagnostic criteria has been proposed. These proposed diagnostic criteria include the presence of postexertional malaise (35). With respect to exercise, this would present as enhanced CFS symptomatology following vigorous exercise. 
Pathophysiology of Chronic Fatigue Syndrome
Currently, the exact cause or causes of CFS are unclear, even though numerous researchers have investigated the possible infectious and immunologic, neuroendocrine, sleep, and psychiatric mechanisms that may lead to the onset of this peculiar disorder (21, 167). The etiology of CFS is complex (220). It is unclear if there is one factor or multiple subsets of poorly understood illnesses that interact. At this time there are no known diagnostic markers for this condition; thus the primary diagnostic criteria for CFS are based on self-reported symptoms and the exclusion of other potential medical and psychiatric conditions such as HIV/AIDS, lupus, sleep apnea, alcoholism, disordered eating, and psychotic disorders (10, 74). Currently, research on CFS focuses on immune, adrenal, genetic, and biopsychosocial models, sleep, and nutrition (220). 
It has been hypothesized that viral infection, immunologic dysfunction, abnormalities in the hypothalamic–pituitary–adrenal axis, serotonin pathways, neurological-mediated hypertension, central nervous system dysfunction, nutritional deficiencies, or some traumatic event may potentially trigger the onset of this condition (10, 21, 24, 32, 49). Others speculate that due to the high levels of psychiatric comorbidity associated with CFS, it is nothing more than a somatic expression of depression or anxiety disorder (10, 148). Afari and Buchwald (10) suggest that since a unifying pathophysiology for CFS has yet to emerge, this condition may be a heterogeneous condition with different pathophysiological disturbances that manifest with the same or similar symptoms. 
At the time of this writing, no known cure for CFS exists. As a result, the majority of treatment options focus on managing the condition and minimizing the debilitating associated side effects (220). Commonly used management strategies include pharmacological intervention, stress management, counseling, proper nutrition, nutritional supplementation, educational interventions, group therapy, energy conservation, and regular physical activity (21, 74). Thus, it appears that using a combination of management strategies is an effective way to treat and manage the symptoms associated with CFS. 
Common Medications Given to Individuals With Chronic Fatigue Syndrome
According to the University of Maryland Medical Center (200), no medications are specifically approved to treat CFS. Medications for CFS are aimed predominantly at symptom management. Due to the diversity of symptoms associated with this condition, numerous types of medications may be used (24). See medications table 7.3 near the end of the chapter. The number of possible medications for CFS management is extensive and varies greatly based on individual symptoms. Consequently, medications and other treatments regarded as common for CFS often vary greatly between resources. A number of pharmacological and nonpharmacological treatments are applied to individuals with CFS (26). Common medications include sleep medications, pain relievers, antidepressants, and stimulants. Less common medications may include antivirals and immune modulators. Alternative interventions include substances such as vitamins, minerals, essential fatty acids, CoQ10, and specific amino acids. 
Antidepressant and immunosuppressant medications are not known to negatively affect exercise or exercise response; however, potential side effects of the drugs may make exercising uncomfortable. While stimulants may have some negative side effects that are not compatible with optimal exercise performance, they can also have effects that are beneficial to exercise. For example, it is well established that acute caffeine ingestion can enhance muscular endurance and improve muscle performance during short-duration maximal dynamic contractions (70, 92). Westover and colleagues (212) did note that prevalent use of stimulant medications was associated with a significant decrease in peak heart rate and an increased risk of chronotropic incompetence. 
Effects of Exercise in Individuals With Chronic Fatigue Syndrome
While research indicates that there are numerous benefits to engaging in regular physical activity (e.g., improved health and psyche, ability to perform functional activities, improved energy, and reductions in fatigue levels), individuals with CFS often complain of exercise intolerance. The most common complaint about exercise is severe postexertional fatigue or malaise (10, 61). According to Komaroff and Buchwald (126), as many as 75% of individuals with CFS complain of postexertional malaise immediately following strenuous physical activity. For this reason, many individuals with CFS avoid physical exertion. This aversion to physical activity can perpetuate fatigue and lead to significant reductions in overall health, fitness, functional ability, and quality of life (108). Needless to say, this can have a profound impact on all aspects of life and cause significant levels of distress and social and occupational impairment. In fact, some individuals become so deconditioned they have difficulty performing basic ADL, such as light cleaning or driving a car. In extreme cases, individuals are unable to maintain employment due to poor health and symptomatology. 
To date, there is some evidence for the use of resistance training. Enhancing muscular fitness can profoundly affect quality of life for those with CFS. Strengthening of major muscle groups may significantly reduce fatigue by improving mechanical efficiency during performance of physical activity and many ADL (205). However, it is not recommended that these individuals perform resistance training exercises to the point of volitional fatigue, as this may exacerbate symptomatology and potentially lead to kinesiophobia, or a fear of movement (205). Adolescents have been shown to be responsive to limited resistance training, producing significant improvements in physical exercise capacity (90, 91). However, other forms of exercise have been found to be effective at either reducing CFS symptoms or at the very least not exacerbating symptoms. Learnmonth and colleagues (130) found that 15 minutes of moderate-intensity aerobic cycling exercise had no significant adverse effects on pain or function within a 24-hour period. Other interventions have shown effectiveness at reducing symptoms and improving function by using a combination of graded exercise therapy accompanied by cognitive behavioral therapy (42, 202, 214). Alternative modes of exercise such as yoga and qigong have also been shown to be efficacious and feasible for relieving CFS-related fatigue and sleep disturbances (43, 169). 
Exercise Recommendations for Clients With Chronic Fatigue Syndrome
Program design guidelines for clients with CFS are summarized in table 7.3. Setting forth general exercise programming guidelines for clients with CFS can be very difficult due to the wide array of symptoms experienced by these clients, as well as the severity of symptoms (24). Since exercise has a propensity to aggravate symptoms associated with CFS and initially may worsen a client’s condition, it is prudent for the client to begin with exercises that are known to be tolerated well, such as light walking or water aerobics in a heated pool. The client can slowly and progressively increase the intensity as tolerance allows (24). This approach would be indicative of a symptom-contingent approach to exercise prescription. Another common approach is time-contingent based on the availability of the client’s energy stores (202, 214). Similar to the situation with other autoimmune disorders, the primary goal of exercise programming for these clients should not be pushing the limits of their functional capacity. Instead, the focus should be on breaking the chronic fatigue and pain cycle by improving physical fitness and functional capacity without perpetuating fatigue. 




When training persons with CFS, the exercise professional must be able to manipulate a variety of acute training variables based on the severity of symptoms and level of fatigue on a daily basis (60). On days when a client is experiencing profound fatigue or symptom flare-ups, exercise intensity and duration should be reduced accordingly. Furthermore, on “good” days, the temptation to increase exercise intensity and duration in order to “make up for lost time” should be avoided as it may lead to enhanced muscle microtrauma, pain, and postexertional fatigue (24). Excessive physical exertion often leads to increased pain and fatigue, which decreases the likelihood of the client maintaining good exercise adherence. For this reason, emphasis on the importance of energy conservation, to allow for maximal recovery and reduction of symptomatology due to overexertion, is vital. As a general rule with regard to avoiding excessive fatigue and promoting adherence, at the end of each training session clients should always feel as if they could have done more. 
Initially persons with CFS should focus on performing multijoint exercises using partial to full weight-bearing bodyweight activities. In this situation, using gravity as external resistance before adding additional loads is advised. Once the client is able to perform approximately 10 to 15 repetitions with proper form and without significant fatigue, the use of other modalities of training, such as manual resistance, free weights, resistance training machines, and tubing, can be progressively introduced. A recommendation for selecting an appropriate resistance training intensity is to select an intensity at which the client feels he could perform for at least two or three additional repetitions at the end of each set. This conservative approach to loading may improve muscular fitness and reduce postexertional fatigue (61). 
When clients with CFS are introduced to a resistance training program, performing one set of each exercise for each of the major muscle groups may be sufficient to improve general fitness levels, as well as provide the exercise professional with greater insight as to how the training program should be manipulated to improve exercise tolerance and reduce postexertional fatigue. As fitness and confidence levels improve, the client’s overall volume of training may be slowly and progressively increased. Dawes and Stephenson (61) recommend that the client be able to perform approximately two or three sets of 10 to 15 repetitions per exercise before significantly increasing the training intensity in order to minimize the deleterious effects of exercise frequently experienced in this population. Exercise selection should be centered on movements that reflect ADL of the individual client. In addition, consider the use of movement-based training, such as very low level power, agility, and dynamic balance types of exercises that emphasize concentric force production rather than eccentric loading (61). 
Cardiorespiratory training has been shown both to improve health-related fitness and to reduce the severity of many symptoms associated with this condition, especially fatigue (10, 24, 148). Cardiorespiratory training may also be beneficial when one is seeking to attain or maintain ideal body weight and body composition. Effectively managing one’s weight may reduce additional stress on the musculoskeletal system via excess body fat. Initially, cardiorespiratory or aerobic forms of activity should emphasize low-impact modalities that engage large muscle groups, such as pool therapy, walking, and cycling (24, 61). Light- to moderate-intensity aerobic exercise performed on all or most days of the week is recommended and well tolerated (61). Therefore, the intensity of these activities should generally correlate with a light to moderate rating on an RPE scale (205). When progressing a cardiorespiratory training program, it may be effective to increase the frequency and duration of the activity before significantly increasing the intensity (61). Furthermore, initially employing shorter, more frequent bouts (e.g., 5-10 minutes) of light to moderate aerobic exercise on all or most days of the week may help improve exercise tolerance and adherence by reducing the effects of postexertional fatigue and muscle soreness. 
Flexibility and mobility are often relatively poor in this population (95). For this reason, performing some form of dynamic and static stretching on a daily basis is recommended (61). Dynamic flexibility training should be performed before more vigorous activity and after a 5- to 10-minute generalized warm-up. Dynamic flexibility drills for this population should focus on light-intensity and low-amplitude movements at a speed that allows the client to maintain good postural control. For people who are severely deconditioned, these mobility-type drills may even constitute the majority of the workout based on daily symptomatology and fitness level. Drill progression should first emphasize proximal-to-distal mobility and stability. This may be accomplished via performing exercises that focus on stabilizing the trunk, such as bridges and planks, then progressing to exercises that emphasize moving the extremities at the glenohumeral and hip joints. This should be followed by exercises that progressively increase the load placed on the cardiorespiratory system, such as treadmill walking, cycling, or rowing. Finally, specific dynamic mobility exercises should be incorporated to prepare the client for the main training session. Ironically, for many clients who are severely deconditioned, the warm-up alone may initially provide a sufficient stimulus to improve their overall fitness level without the incorporation of additional training. 
When performing static stretching exercises, the client should focus on performing at least one stretch for each of the major muscle groups, holding each stretch for approximately 10 to 15 seconds. As tolerance improves, the duration of each stretch may be increased to 20 to 30 seconds, additional sets may be added, or both (61). 
Chronic Fatigue Syndrome

Case Study

 
	Sex: Male
	Race: Caucasian
	Age: 45
	Height: 5 feet, 9 inches (1.75 m)
	Weight: 176 pounds (80 kg)
	Body fat: 27%
	Body mass index: 26.0
	Resting heart rate: 72 beats/min
	Blood pressure: 128/84 mmHg
	Temperature: Normal

History

Mr. J is a physician assistant. His job entails obtaining patient histories, doing physical examinations, ordering lab results, and assisting with surgical operations. He gradually began experiencing symptoms consistent with CFS shortly after turning 40. His initial symptoms, which he attributed to aging, were tiredness and fatigue. New symptoms began to appear with time. Newer symptoms included frequent headaches, night sweats, and irritable bowel. In addition to NSAID medications, he takes Modafinil for tiredness and Tramadol for pain. Since becoming symptomatic, Mr. J has avoided any unnecessary physical exertion. In addition, performing well at work has become more difficult. 

Goals

Mr. J would like to work on the following goals:

 
	Strengthen his body and improve his physical capacity
	Avoid exacerbating CFS symptoms
	Reduce reliance on pain medications
	Complete work and daily activities with less pain, fatigue, and tiredness

Intake

Before the start of an exercise intervention, Mr. J’s primary physician gave him clearance to commence an exercise regimen. Mr. J met with an exercise professional at his corporate fitness center. The exercise professional took a full medical history, but pain and fatigue made it impractical to test for even submaximal cardiopulmonary or muscular fitness. Body composition was assessed using skinfold calipers. The exercise professional recommended a progressive resistance training program and flexibility training, as well as a regimen of cardiopulmonary exercise. Mr. J was also referred for nutritional counseling to help promote general health and improve body composition. 

Initial Exercise

The primary goal of training clients with CFS is to avoid postexertional malaise; therefore training should not be carried out to the point of volitional fatigue. Additionally, training should not cause significant postexertional symptoms in the 12 to 48 hours postexercise. Any activities should be light and low impact. Due to very low tolerance for physical activity, Mr. J’s initial form of training consisted of graded exercise therapy (GET). Graded exercise therapy programming began with a single 5-minute session of dynamic stretching followed by simple muscular contractions and extensions, two times per week. Five to 10 total exercises were used depending on tolerance. Programmatic flexibility was required. A full-body approach to this type of training was used. Physical limits were set by trial and error. The endpoint of GET training was set by number of repetitions or a clock. Rest is an important element of this type of training. 

Exercise Progression

Upon the client achieving a favorable tolerance to GET, standard forms of training were gradually incorporated into the training regimen. Five- to 10-minute moderate-intensity walking intervals were introduced, performed one or two times per week. Over the course of several weeks, interval lengths and frequency were increased as long as there was no postexertional malaise. Gradually, dynamic stretching exercises were supplemented with resistance band and standard resistance training modes, one or two times per week. Up to 8 to 10 resistance exercises were eventually used for two or three sets of 12 to 15 repetitions. To accommodate client needs, the rest period remained flexible during training. 

Outcomes

With consistent effort over the period of a year, Mr. J was able to reach most of his goals. He was able improve his physical capacity enough to get through his workday without undue fatigue and pain. While symptoms were reduced, they were not completely alleviated. He still uses medications but is not as reliant on them as he once was. 

Key Point
Engaging in regular physical activity has the potential to be very beneficial to people with CFS. However, when even slightly overdone, exercise can trigger post-exertional malaise (fatigue). An individualized, daily approach to exercise prescription is necessary when training people with CFS. 
Training Recommendations and Contraindications for Clients With Chronic Fatigue Syndrome

 
	Graded exercise therapy involves a gradual start that progresses slowly over time and should be applied to those with CFS. Be prepared for progression to take much longer than in apparently healthy clients. 
	Exercise professionals should be very aware of how clients respond to training and should be willing to adjust frequency, intensity, and time as needed. Work that is overdone can trigger postexertional malaise (fatigue). 
	All training should be light and low impact.
	Resistance training should start with bodyweight activities, progressing to lower-level modes of resistance such as tubes and bands. Machines and free weights may also be used. 
	Avoid ballistic motions when training. Use smooth, controlled movements that will reduce the chance of injury and allow proper control of movement. 
	Consider time-based work intervals. Consider varying types of activity from session to session.




Fibromyalgia 

Fibromyalgia (FM), or fibromyalgia syndrome, is a condition similar to CFS; the primary characteristic of FM is chronic widespread musculoskeletal pain, with a secondary emphasis on fatigue (53, 148). Due to their relationship, it is often difficult to separate these illnesses. In fact, 20% to 70% of individuals diagnosed with FM also suffer from CFS, and 35% to 70% of those diagnosed with CFS meet the diagnostic criteria for FM (88). A recent Canadian study found that almost one in four people (23%) with CFS also reported having FM and that approximately one in five people (21.2%) with FM also reported having CFS (181). For the aforementioned reasons, some researchers have suggested that FM should be considered a subclassification of CFS (192). 
History and Demographics of Fibromyalgia
The American College of Rheumatology (55) reports that FM affects 2% to 4% of people and that 90% of all cases occur in women. The typical onset of FM occurs between the ages of 20 and 40 (213). Interestingly, prevalence rates of FM vary based on the different classification criteria. Jones and colleagues (116) found that FM prevalence is higher in men when the modified 2010 criteria are used as compared to the criteria that require input from a physician or other health care professional. The specific criteria used appear to have important implications for use in research and the clinical setting (116). However, Reifenberger and Amundson (175) have also observed this condition in both adolescents and persons who are elderly. Jiao and colleagues (115) found that young and middle-aged patients experienced worse FM symptoms as compared to older patients. In addition, they found that females with FM had lower quality of life in all age groups. This included both lower physical and mental health. 
In addition to pronounced tenderness to palpation and profound fatigue, common symptoms associated with this disorder include generalized stiffness, anxiety, depression, nonrestorative sleep, heightened pain perception, gastrointestinal distress, headaches, sensitivity to light, joint swelling, mood swings, cognitive impairments (a.k.a. “fibro fog”), irritable bowel and bladder syndrome, and Raynaud’s phenomenon, a condition that involves the narrowing of blood vessels when a person is cold or feeling strong emotions (183). Similar to CFS, diagnosis is based on self-reported symptoms rather than laboratory or diagnostic criteria (183). The American College of Rheumatology cites three specific criteria needed to diagnose FM. These include the following: 
 
	Pain and symptoms experienced over the past week, based on the total of the painful areas of the body, the severity of fatigue, waking unrefreshed, and cognitive problems, plus the number of other general physical symptoms 
	Symptoms lasting at least three months at a similar level
	No other health problem that would explain the pain and other symptoms

Based on these criteria, a history of widespread pain in the axial skeleton occurring for greater than three months, in combination with bilateral tender points in at least 11 of 18 specified anatomical sites, is required (54, 183). 
Pathophysiology of Fibromyalgia
To date, the exact etiology of FM is unknown. Some researchers speculate that this condition may be triggered by minor upper body injury, viral illness, or chronic stressors (179). Jay and Barkin (114) describe a pathophysiology that includes central-sensitivity syndrome, in which there are problems with central pain processing. As a result, individuals with FM have a lower threshold for responding to pain as well as other stimuli such as heat, noise, and even strong odors. Jones, Clark, and Bennett (119) suggest that in order to better understand FM’s pathophysiology, a greater understanding of several factors, such as altered pain processing, neuroendocrine abnormalities, neurotransmitter changes, and sleep disturbances, is imperative. For instance, individuals with FM have been shown to exhibit significantly greater levels of substance P, a neurotransmitter that aids in the regulation of pain sensitization, than the general population (24). 
As with CFS, there is no cure for FM. Management strategies for this condition typically include antidepressive medications, counseling, group therapy, massage, acupuncture, biofeedback, dietary modifications, therapeutic exercise, trigger point injections, joint manipulation, and myofascial release techniques (48, 54, 180, 183). However, at this time it appears that a combination of these therapies is the most efficacious strategy when managing the symptoms associated with FM (183). 
Common Medications Given to Individuals With Fibromyalgia
People with FM generally take a wide variety of medications to ameliorate the myriad side effects characterizing this condition. See medications table 7.4 near the end of the chapter. Most often these medications are used to reduce pain, improve sleep quality, and improve psychological well-being (depression and anxiety). Muscle relaxants may also be prescribed in this population as a method of pain management (165). Currently, only three medications are approved for use in the treatment of FM by the U.S. Food and Drug Administration: pregabalin (Lyrica), duloxetine (Cymbalta), and milnacipran (Savella). None are approved by the European Medicines Agency, and only two are approved by Health Canada: pregabalin and duloxetine (20, 33). 
Nonsteroidal anti-inflammatory drugs are not known to have negative impacts on exercise performance; to the contrary, NSAIDs have been shown to reduce exercise-induced fatigue (58, 133). Some evidence suggests that NSAIDs like ibuprofen may inhibit certain prostaglandins responsible for signaling translational responses to resistance exercise (143). This may attenuate recovery from exercise. Antidepressants and muscle relaxants are not known to negatively affect exercise or exercise response; however, side effects of the drugs may potentially make exercising uncomfortable. Sleep aids in general are not known to interfere with exercise or exercise response but may make it difficult especially if one is training in the morning. 
Effects of Exercise in Individuals With Fibromyalgia
According to findings by Wilson and colleagues (217), about half of those who are newly diagnosed with FM received recommendations for initiating an exercise program. There is an abundance of evidence to support the use of exercise as a cornerstone in the management of FM (31, 109, 141, 144, 146, 168, 182, 217). This research shows that both aerobic exercise and strength training can reduce the severity of many symptoms associated with FM, including pain levels, fatigue, depression, and sleep disturbances (28). As obesity and overweight are common in persons with FM, weight control has also been found to be an effective tool in reduction of symptoms (180). People with FM often have a very narrow therapeutic window for physical activity due to the high levels of pain and stiffness associated with this disorder. In addition, exercise is frequently a symptom aggravator. For this reason, many people with FM avoid physical activity, fearing that their symptoms will be intensified. As a result, the majority of individuals with FM remain aerobically unfit with poor muscle strength and limited flexibility (118). Thus, training programs for this population should emphasize increasing functional activity levels without causing postexertional pain and fatigue. Gradually accumulating at least 5,000 steps per day may result in clinically significant reductions in pain intensity (121). Kibar and colleagues (123) found that balance training for persons with FM had a positive effect on static balance. Furthermore, it was noted that balance deficit contributed to the depression associated with risk of falling. Jones and colleagues (119) found that stretching alone or in conjunction with strength training could elicit improvements in overall FM disease activity. Alternative forms of treatment have also been shown to reduce symptoms, such as mindfulness meditation, aquatic exercise, and qigong (27, 36, 134, 184). 
Exercise Recommendations for Clients With Fibromyalgia
Program design guidelines for clients with FM are summarized in table 7.4. Postexertional complaints are typically seen in strength and conditioning programs that use higher-intensity, higher-impact movements and fail to allow clients to self-adjust their exercise intensity (117). Thus, light- to moderate-intensity exercise performed on all or most days of the week is recommended. In addition, because symptom severity may vary dramatically on a daily basis, the exercise professional must be able to manipulate exercise volume, intensity, and duration based on pain tolerance and acute bouts of fatigue. It would be advisable to assess the client’s severity of symptoms before exercise activity. 




Resistance training may be beneficial to those with FM by helping improve isometric and dynamic muscle strength, as well as power (96). By improving strength and power, clients with FM may be able to perform ADL with greater ease, thus conserving energy and minimizing the effects of fatigue. It is recommended that the exercise professional initially select at least one exercise for each of the major muscle groups in order to promote overall muscular development (85). If musculoskeletal aggravation occurs during the use of any of the selected exercises or on the days following training, the exercises used can be modified or substituted with others that may be better endured. Initially beginning with two training sessions per week with at least three days between sessions is a conservative frequency of training. As clients’ functional abilities and tolerance improve, they may progress to three training sessions per week with at least 48 hours between sessions. Some clients with FM may actually better tolerate a four-day per week split routine in which different muscle groups are trained on different days. This reduces the intensity of each individual workout by dispersing the training load and volume typically performed on two days of training over four days. It may also be beneficial to intermittently incorporate cardiovascular and flexibility exercises between sets in order to provide clients with an opportunity to rest between resistance training exercises, thus enhancing exercise tolerance while still effectively using their time (60). 
Selecting the appropriate intensity level for those with FM is often a trial-and-error process that requires the exercise professional to select an appropriate training load to elicit a positive adaptation without creating significant increases in pain or discomfort. LaFontaine (127) recommends that clients with FM use a light resistance, approximately 40% to 60% of their estimated 1RM (176). Clients should start by performing at least one set of 10 to 15 repetitions and gradually increase the volume of training as tolerance improves and fitness levels increase. Once the client is able to perform 12 to 15 repetitions with proper form and without undue pain and fatigue, the amount of resistance can progressively be increased with initial reductions in the volume. Thus, the number of repetitions performed should initially decrease as the training load increases in order help to prevent excessive muscular microtrauma. 
Daily cardiorespiratory exercise should be encouraged. Typically, low-impact, light-intensity aerobic exercises such as walking, bicycling, or water aerobics in a heated pool are generally well tolerated by the FM population (118). Furthermore, because repetitive motion has a propensity to aggravate the symptoms of FM, some people may tolerate shorter 5- to 10-minute training intervals throughout the day instead of one long exercise session. LaFontaine (127) recommends beginning at a light intensity for 10 to 15 minutes twice per day and increasing the duration of the activity to 30 to 40 minutes three or four days a week as tolerated. In an investigation of vigorous- versus light-intensity aerobic training, Häuser and colleagues (102) found that vigorous-intensity aerobic work only moderately improved physical fitness and general well-being. 
Performing passive and slow static stretching intermittently throughout training sessions may also enhance the client’s tolerance to training by allowing an opportunity for the clients to rest between exercises. Stretching at regular intervals throughout the day may also be beneficial for reducing pain and stiffness and improving mobility, and may aid in the prevention of muscle pain and stiffness after remaining in one position for an extended period of time. Initially the client should attempt to hold each stretch for approximately 10 to 15 seconds or as tolerance allows. As tolerance improves, the duration of each stretch may be progressively increased up to 20 to 30 seconds. While each stretch can be held for a greater duration, stretching longer than 30 seconds may be too intense and increase discomfort. Thus, it may be beneficial to stretch more frequently rather than for longer durations. Additionally, stretching on a daily basis may help manage the muscle pain and stiffness often experienced by these clients. Stretch intensity should remain relatively low with an emphasis on stretching only to the point at which the muscles feel taut, never to the threshold of pain or tenderness. This is an important consideration as overstretching may increase the likelihood of microtrauma in muscle tissues in conjunction with increased pain and stiffness. 
Fibromyalgia

Case Study

 
	Sex: Female
	Race: Caucasian
	Age: 43
	Height: 5 feet, 3 inches (1.60 m)
	Weight: 145 pounds (66 kg)
	Body fat: 32%
	Body mass index: 25.7
	Resting heart rate: 72 beats/min
	Blood pressure: 142/94 mmHg
	Temperature: Normal

History

Mrs. P is a receptionist in a dental office. Her job entails sitting for long periods of time, entering information into a computer, and retrieving dental records. For several years she has noticed diffuse muscle discomfort throughout her upper body and thighs. She has made several modifications to her workstation to help alleviate her issues, but this has been unsuccessful. Her physical discomfort has made working quite difficult as well as straining her relationships at home. Following a serious car accident, she noticed a marked increase in her symptoms and great difficulty sleeping. After minimal success with physical therapy, she was diagnosed with FM by her primary physician. The physician prescribed NSAIDs, antidepressants, and a sleep aid. Having attempted alternative forms of treatment, Mrs. P sought the help of an exercise professional who was knowledgeable about FM. 

Goals

Mrs. P hopes to work with her exercise professional to reach the following goals:

 
	Alleviate consistent muscular pain
	Improve quality of work and home life
	Establish exercise programming as a regular part of treatment
	Improve overall fitness

Initial Training

Having received clearance from her primary physician, Mrs. P met with a certified exercise specialist at a facility near her home. The exercise professional took a full medical history. Traditional submaximal aerobic and muscular exercise testing was attempted, but results were not accurate due to Mrs. P’s low physical capacity. As an alternative, the exercise specialist performed the University of Houston Non-Exercise Test to assess her aerobic capacity and a dynamometer battery consisting of handgrip strength and back and leg strength. Body composition was measured using bioelectric impedance. The exercise professional recommended a slow but progressive approach to achieving a regular exercise program for Mrs. P and recommended a progressive resistance training program, flexibility training, and regimen of cardiopulmonary exercise. Ultimately, the exercise program will need to become a regular part of Mrs. P’s treatment plan. It was also recommended that she seek the counsel of a registered dietician to help promote better general health. 

Exercise Progression

Resistance training began with a combination of 8 to 10 movements consisting of both bodyweight and resistance band exercises, two days per week. One set of 10 to 15 repetitions was performed for each exercise. While 1- to 2-minute rest periods were appropriate, early training rest periods were variable. Each session was completed with light full-body static stretching. Each stretch was held for 10 to 15 seconds. Aerobic sessions were scheduled on days in which resistance training was not done. Because of Mrs. P’s preference, aerobic training was conducted twice per week in a swimming pool. Her group instructor aided her in completion of one or two 5- or 10-minute intervals of activity. All early training was kept below the point of volitional fatigue. 

Resistance training frequency was increased to three or four times per week. While repetitions remained in the 10 to 15 range, the number of sets was increased to two or three. To accommodate this change, different muscle groups were trained on different days. Aerobic training progressed from intervals to single sessions of 20 to 30 minutes, three or four days per week. The client also began to explore other aerobic modes. Her training schedule remained flexible and was adjusted as needed depending on her symptoms. 

Outcomes

Following some minor setbacks as she learned her exercise tolerances, Mrs. P was able to establish a routine that fit within the structure of her life. Her physical condition improved, as did her quality of life. The combination of her therapies and dietary modifications has been effective. Although she still deals with pain, it is dramatically less than before. The strain on her home and work relationships is better. 

Key Point
For clients with FM, progression in all health-related fitness areas takes much longer than in apparently healthy clients. Clients with FM will require exercise accommodations and interventions similar to those with chronic fatigue syndrome. Carefully implemented aerobic, resistance, and flexibility programs can reduce the severity of symptoms associated with FM. Training programs for this population should focus on increasing functional activity levels without post-exertional pain and fatigue. Alternative treatments such as meditation and aquatics are also useful. 
Training Recommendations and Contraindications for Clients With Fibromyalgia

 
	Be prepared for progressions in all health-related fitness areas to take much longer than in apparently healthy clients.
	Exercise professionals should be very aware of how clients respond to training and be willing to adjust frequency, intensity, and time as needed. Avoiding painful movement is vital to this process. 
	Aerobic training should be light and low impact in the beginning.
	Resistance training can include many different modes, but should begin sparingly until tolerance can be determined. Consider bodyweight activities, lower-level modes of resistance such as tubes and bands, and machine- and free-weight movements. 
	Avoid ballistic motions when training. Use smooth, controlled movements that will reduce the chance of injury and allow proper control of movement. 
	Consider aerobic modes initially that are predictable modes of exercise so the client can more effectively exercise in a steady state. 
	Consider interspersing low-level static stretching between resistance training sets or aerobic intervals.
	Alternative modes of training are also useful. Consider aqua exercise, qigong, or mindfulness meditation.
	As celiac disease is common to those with FM, consider testing for gluten sensitivity.




HIV/AIDS 

Human immunodeficiency virus (HIV) is a retrovirus that causes acquired immune deficiency syndrome (AIDS), a condition that gradually destroys the immune system, making it difficult to effectively fight off opportunistic infections and making people more prone to unusual cancers and other abnormalities (3, 166, 215). 
History and Demographics of HIV/AIDS
The first case of AIDS was reported to the Centers for Disease Control and Prevention (CDC) in 1981 (76). Since this first documented case, AIDS has become a worldwide epidemic (185). According to Merson (151), approximately 25 years later, more than 65 million individuals had been infected with HIV and over 34 million had died of AIDS (219). It has been estimated that in the United States alone over 1 million individuals are living with HIV/AIDS, with approximately a quarter of these individuals remaining unaware that they are infected (77). Furthermore, it has been estimated that as many as 50,000 new HIV infections occur every year (38). Of the new infections, 44% are in the African American population
with the Hispanic and Latino population making up 21%, the Caucasian population 31%, and the Asian population 2% (39). It is estimated that new HIV infections fell by 35% in the years between 2000 and 2015 (219). 
Pathophysiology of HIV/AIDS
Serological tests are used to detect the presence or absence of two serotypes of HIV currently recognized as HIV-1 and HIV-2, with the predominant virus worldwide being HIV-1 (3, 76). Human immunodeficiency virus-1 was identified in 1984 as the primary causative viral agent for AIDS (76). In 1986, HIV-2 was discovered in AIDS patients in West Africa (37). 
Both HIV-1 and HIV-2 are spread via a host transmitting the virus through a portal of exit into another host or reservoir. This often occurs through the transmission of bodily fluids, such as blood, semen, and vaginal secretions (5). Thus, engaging in behaviors that put people in direct contact with these secretions, such as unprotected sexual intercourse and sharing contaminated intravenous needles, increases an individual’s risk of contracting the virus—as does receiving contaminated blood via transfusion, blood products, and organ transplants (76). The CDC reported in 2010 that 63% of new HIV transmissions were men who had had sexual intercourse with men compared to 25% of individuals infected through heterosexual sex and 8% by injection (39). In addition, this virus may also be transmitted from nursing mothers who are infected with HIV/AIDS via breast milk to their children (5). When compared to HIV-1, the HIV-2 immunodeficiency appears to develop more slowly with milder symptoms, and is initially less infectious in the early stages but becomes more so as the disease progresses. 
Human immunodeficiency virus attacks white blood cells of the immune system, CD4 helper T cells, which are critical to immune function. The destruction of these cells leads to a progressive deterioration of the immune system, making individuals more susceptible to opportunistic infections, unusual cancers, and other abnormalities (3, 166) such as nephropathy and renal failure (153). 
There are three stages associated with HIV (3, 136, 166). Symptoms vary based on the stage of infection (219). In stage I acute HIV infection, individuals are able to transmit HIV but remain asymptomatic and relatively healthy, though they may experience influenza-type symptoms. Individuals may remain in stage 1 for months to years. Stage 2, often referred to as AIDS-related complex (ARC), is characterized by asymptomatic HIV infection (8) with a moderate reduction in CD4 cells and the development of more pronounced signs and symptoms, such as weight loss, muscle wasting, weakness, fatigue, diarrhea, rare cancers, and swollen or enlarged lymph nodes. Stage 3 is the most severe stage of HIV, acquired immunodeficiency disease, and is associated with a significant depletion of CD4 cells, in the presence of malignancy and opportunistic infection and cancers. This stage can take 2 to 15 years to develop (219). 
Common Medications Given to Individuals With HIV/AIDS
There is no cure for AIDS or HIV; however, with the advent of new antiviral agents, many individuals infected with HIV are living much healthier and higher-quality lives than those diagnosed several decades ago (125). Thus treatment and management options focus on suppressing the symptoms associated with this disorder for as long as possible. See medications table 7.5 near the end of the chapter. The pharmacological intervention of HIV medicines is called antiretroviral therapy (ART). Commonly used HIV medication classes include nucleoside reverse transcriptase inhibitors (NRTIs), also known as analogues or “nukes,” non-nucleoside reverse transcriptase inhibitors (NNRTIs), protease inhibitors, fusion inhibitors, entry inhibitors, integrase inhibitors, and pharmacokinetic enhancers. The HIV regimen requires a combination of these medications from different drug classes (11). 

Highly active antiretroviral therapy (HAART) is a method used to reduce the number of HIV particles in the blood as measured by viral load, thus improving T-cell count and immune function (3). However, Malita and colleagues (139) reported that individuals using HAART for an extended period of time may be at increased risk of developing cardiovascular and metabolic complications (79). Highly active antiretroviral therapy has been associated with the development of lipodystrophy syndrome, indicative of increased central adiposity (lipohypertrophy), and peripheral lipoatrophy, peripheral insulin resistance, chronic kidney disease (44, 153), diabetes, dyslipidemia (128), hypertriglyceridemia, osteoporosis, and osteopenia. 
Many of the drugs, especially NRTIs and NNRTIs, bind and alter (or block) the reverse transcriptase enzyme that the HIV virus uses to make copies of itself. A risk of myocardial infarction and lactic acidosis is associated with NRTIs; therefore, caution should be used with exercise. NRTIs have been found to impair mitochondrial function and reduce insulin sensitivity, making individuals more susceptible to type 2 diabetes mellitus (80). 
Pharmokinetic enhancers are used to increase the effectiveness of other drugs used in the HIV regimen, by reducing the breakdown of those drugs. Anti-infectives and antineoplastics are prescribed to help stave off opportunistic infections. Protease inhibitors (PIs) block the enzyme protease, which spreads HIV to other cells. Protease inhibitors have greatly reduced the risk of morbidity and mortality for those suffering from HIV/AIDS (3). 
While these drugs are effective in the treatment of HIV and AIDS, they have side effects, as well as interactions with other drugs. Over an extended period of time, individuals can develop resistance to the drugs. Secondary complications associated with ART are metabolic, causing an increase in risk factors for cardiovascular disease (CVD) such as dyslipidemia, insulin resistance, and changes in adiposity (198). Additionally, the endothelial dysfunction related to HIV replication is a determinant for arterial inflammation and thrombosis (128). Risks for CVD are exponentially heightened due to age, genetic predisposition (family history of CVD), or choices related to lifestyle (smoking) (83). Statins and other medications are taken to counteract the effects of ART. Other complications due to medications include peripheral neuropathy (34). 
Exercise is beneficial in helping with decreasing central fat distribution but can increase peripheral fat wasting. Persons with HIV/AIDS are at an increased risk for hyperlipidemia and hypertriglyceridemia; of course, exercise can be beneficial in helping to increase high-density lipoprotein cholesterol while decreasing triglycerides (34). 
Effects of Exercise in Individuals With HIV/AIDS
Exercise participation has been associated with improvements in immune function and long-term survival in HIV (189). However, with disease progression, factors such as fatigue, muscle wasting, muscle weakness, chronic diarrhea leading to dehydration, and opportunistic infection may significantly reduce exercise capacity (166). For this reason, while exercise is encouraged in all stages of HIV, it is particularly recommended that individuals engage in strength and conditioning activities in the early stages of this disease as this may help forestall or reverse disease progression (78). 
Aerobic training is commonly used to help improve cardiovascular fitness, improve fatigue levels, and reduce central body fatness (139, 155, 191). In addition, nutritional intervention and supplementation, androgen supplementation, growth hormone administration, and resistance training are commonly used to counteract the negative effects associated with muscle wasting (68). Of these treatments, resistance exercise may be a preferred option because of affordability, its relatively few side effects, and its availability. Furthermore, because muscular strength is positively affected by resistance training, both functional ability and quality of life can be greatly improved (164). 
Exercise Recommendations for Clients With HIV/AIDS
Program design guidelines for clients with HIV/AIDS are summarized in table 7.5. Designing an exercise program for clients with HIV infection is largely dependent on the stage of immunodeficiency. Clients in stage 1 are typically asymptomatic, with relatively few training restrictions. However, with disease progression, exercise capacity may steadily diminish and physical exhaustion and muscular fatigue may become a greater concern. 




Cardiorespiratory training is commonly recommended for clients with HIV as a method of improving aerobic capacity and reducing the likelihood of cardiovascular-related issues, such as atherosclerosis, myocardial infarction, hypertension, congestive heart failure, and sudden cardiac death (177, 189). Either moderate (40% to <60% O2 or heart rate reserve) or vigorous training (≥60%-90% O2 or heart rate reserve) can be recommended based on the client’s preference (191). However, disease status, symptoms, and current fitness level should be considered. 
Resistance training is also a commonly prescribed exercise modality as it has the potential to significantly influence muscle performance via increases in lean body mass and strength. However, appropriate resistance training protocols and guidelines are difficult to find for this population. Resistance training at high intensities (>80% 1RM) for relatively short periods has a positive influence on the accrual of lean body mass in persons with HIV without compromising immune function and is independent of the side effects associated with hormone therapies (68). 
It is recommended that resistance training programs for persons with HIV concentrate on multijoint exercises emphasizing large muscle groups. Training intensity should generally be at a moderate level (60-80% 1RM), which should allow for comfortable performance of 8 to 12 repetitions per set. Alternatively, lighter-intensity muscular endurance training (40-60% 1RM) can be performed with 15 to 25 repetitions per set. Initial training should use one set per exercise, with training volume increased very gradually as tolerated by the client but not to exceed two sets per exercise for the higher-volume muscular endurance training (89). 
Finally, strength and conditioning activities are considered low risk for the transmission of HIV because there is little exposure to bodily fluids. However, cuts, scrapes, bloody noses, and open wounds increase exposure to bodily fluids and may increase the risk of HIV transmission. Thus, any time blood or body fluids, excluding sweat, are present, standard precautions should be followed to minimize risk of disease transmission. For this reason, it is recommended that the exercise professional be familiar with the universal and standard precautions as recommended by the CDC (1, 187). 
HIV/AIDS

Case Study

 
	Sex: Female
	Age: 32
	Height: 5 feet, 5 inches (1.65 m)
	Weight: 140 pounds (64 kg)
	Body fat: 27%
	Body mass index: 23.3
	Resting heart rate: 70 beats/min
	Blood pressure: 130/76 mmHg
	Estimated O2: 19.6 ml · kg−1 · min−1 (from the 1.5-mile [2.4 km] walk/run test) 

History

The client, Mrs. N, has been infected with HIV for over 10 years. Before her infection, she played softball and ran the 400-m hurdles in college. Post-HIV diagnosis, she became more sedentary due to fear of aggravating or triggering symptoms of the disease. She was also reluctant to join a gym because she had been told by a previous health club that the patrons and staff were fearful of handling equipment after she had used it. She would like to begin an exercise program again. However, she has not been physically active, other than walking, for the last three years. She walks for 20 to 30 minutes three times per week. Recently she participated in a research study investigating the effects of a HAART on T-cell activation during asymptomatic HIV infection. During the study she complained of fatiguing very easily and experienced mild nausea and diarrhea. However, after she completed the study her symptoms subsided and she is currently asymptomatic. 

Goals

Mrs. N would like to work on the following goals:

 
	Strengthen her body and improve her physical capacity
	Remain asymptomatic
	Improve health and maintain current immune function

Intake

Before Mrs. N began her exercise program, her physician had encouraged her to seek the advice of a knowledgeable exercise professional. Other than diminished capacity, she has no physical limitations. She performed a 3-minute step test for aerobic capacity, push-up test for upper body endurance–strength, and the leg press test for lower body strength. Test results confirmed a low capacity for her age and sex. The exercise professional recommended a progressive resistance training program, cardiopulmonary exercise, and flexibility exercise. It was also recommended that she seek dietary advice from a registered dietician to help promote health. 

Initial Training

Training sessions began with low-impact aerobic training three times per week. Mrs. N’s choice of activity was stationary cycling and she began at 40% of her heart rate reserve for 20 minutes. Aerobic training was followed by resistance training and basic static stretching. A full-body approach to resistance exercise was used, as was basic dynamic stretching. Eight to 10 exercises were performed for 30 seconds, 8 to 10 exercises for one set. The repetition range was 12 to 15. A combination of bodyweight and dumbbell exercises was chosen. 

Exercise Progression

Over a period of two months, the exercise professional progressed Mrs. N’s aerobic training to four days per week with alternating modes of riding a stationary cycle and walking on a track. Mrs. N’s intensity increased to 60% heart rate reserve and each session was lengthened to 30 minutes. Also, Mrs. N’s exercise professional recommended a split resistance training routine; over the four days, she completes two full-body workouts and instead of one set per body part, Mrs. N did two or three sets. 

Outcomes

After eight weeks of training, a retest of muscular endurance and strength demonstrated significant increases in upper and lower body strength as well as O2max. Mrs. N’s health has remained good despite side effects from the medications. 

Key Point
For clients with HIV/AIDS, implement resistive exercises and other therapeutic exercises as tolerated to maintain muscle strength and function and prevent muscle wasting. Assess exercise tolerance frequently. 
Training Recommendations and Contraindications for Clients With HIV/AIDS

 
	Implement resistive exercises and other exercises as tolerated to maintain muscle strength and function and prevent muscle wasting. 
	Use extreme caution during aerobic exercise and other forms of exercise.
	Monitor exercise tolerance frequently for excessive fatigue and weakness.
	Use Universal Precautions for Prevention of Transmission of HIV and Other Bloodborne Infections established by the Centers for Disease Control and Prevention. 




Sickle Cell Disease 

Sickle cell disease is a group of inherited blood disorders that is characterized by a genetic mutation of hemoglobin. This abnormality can cause an alteration of the shape of the red blood cell into a lengthened sickle profile (15). Sickle cell anemia, the most common and most severe of all of the forms of sickle cell disease, occurs when there are two abnormal sickle genes for hemoglobin; sickle cell trait has one normal and one sickle hemoglobin gene. 
History and Demographics of Sickle Cell Disease
The sickle cell mutation was first recognized in Africa (51). The condition is most common in individuals of African descent (64) but also affects individuals of Arab, Indian, and Hispanic nationalities (15, 159). It is least common in Caucasian individuals. It is estimated that the number of babies born with sickle cell disease between 2010 and 2050 will be over 14 million, and the disease has been declared a global health problem by the World Health Organization (64). It has been suggested that those with low socioeconomic conditions are at a higher risk of experiencing sickle cell disease, but this has been refuted in other studies suggesting it is more of a lack of education and participation in research studies (17). The life expectancy for someone with sickle cell disease is now 40 to 60 years of age (compared to only 14 years in 1973) in the United States due to improvements in health care (159). Between 80,000 and 100,000 people in the United States have sickle cell disease (129). The National Collegiate Athletic Association mandates sickle cell trait screening in all athletes due to the risks involved with sport participation. 
Pathophysiology of Sickle Cell Disease
Sickle cell disease can be diagnosed from birth. Signs and symptoms associated with the disease are swelling of the hands and feet, fatigue and jaundice, acute crises associated with certain triggers, and chronic pain. When the red blood cell of someone with sickle cell anemia becomes deoxygenated, the response is to change into an elongated sickle or crescent shape. Cells of this shape have a shorter life span than normal cells. Additionally, the altered shape and lack of flexibility make it more difficult for blood to flow through the microvasculature (51). Individuals with sickle cell disease suffer from pain (also called crises) due to the decrease in blood flow to tissue. This decrease in blood flow is associated with vascular occlusion and arterial and venous thromboembolism (67) due to inflammation, endothelial dysfunctions, and hypercoagulation of the red blood cells (156). Those with sickle cell disease are at a higher risk for early mortality due to multiorgan damage. The malformed sickle cells and hypercoagulation cause the red blood cells to stick to one another, causing thrombosis to form and to affect many organ functions. The loss of blood flow to tissues can lead to infection, acute chest syndrome (damage to the lungs due to reduced blood flow), stroke, and pulmonary hypertension (137). The spleen is responsible for acting as a filter for the blood and getting rid of infection. In the case of the spleen, the sickle cells reduce the blood flow from the spleen, causing anemia, infection, and septicemia (7, 111, 159). Anemia can range from mild to moderate and even severe depending on the individual. Other major tissues can be affected as well, such as the eyes, kidneys, liver, bones, and joints. 
Quality of life conditions associated with sickle cell disease, such as low cognitive function and impaired attention, result from the pain and sleep disorders corresponding with insufficient peripheral capillary oxygen saturation (SPO2) (106). Supplementary oxygen can be beneficial in helping to improve sleep and raise low SPO2 levels. 
Common Medications Given to Individuals With Sickle Cell Disease
According to the CDC (40), treatment for sickle cell disease is largely based on symptomatology. See medications table 7.6 near the end of the chapter. Treatment options can range from over-the-counter medications, such as aspirins and ibuprofen, to prescription medications such as hydroxyurea for pain, antiplatelet therapy or blood thinners, antioxidants, and anti-inflammatory medications. Nonsteroidal anti-inflammatory medications (ibuprofen) are typically given for acute and chronic pain, while morphine is commonly prescribed to combat pain associated with acute chest syndrome and other acute and chronic pain. Many of these medications may be associated with numerous side effects, including nausea, vomiting, gastrointestinal distress, and constipation. Due to splenic dysfunction, individuals with sickle cell disease are at a high risk for life-threatening bacterial infections (pneumonia, influenza, salmonella, staphylococcus, and chlamydia) that affect the blood, lungs, bones, brain, and brain stem (159). Therefore, penicillin is commonly prescribed prophylactically (138), and medical records are checked to make sure people are up to date on their vaccinations. Hydroxyurea is used to help reduce pain associated with sickle cell disease but can reduce the effectiveness of the immune system. Other therapies associated with sickle cell disease are red blood cell transfusion and hematopoietic stem cell transplantation. To date, hematopoietic stem cell transplantation is considered the only cure for sickle cell disease (65). 
Effects of Exercise in Individuals With Sickle Cell Disease
Connes and colleagues (51) report limited research on the effects of aerobic exercise in individuals with sickle cell anemia. Exercise capacity is lower in children and young adults with this disease (132) due to adaptations in the vascular structure, low hemoglobin concentrations, and reduced blood flow to the tissue (12). Those with sickle cell anemia are at an increased risk of lung and cardiac dysfunction. According to Alvarado and colleagues (16), children with sickle cell anemia have a tendency to demonstrate impaired heart rate recovery following maximal exercise. This is associated with an autonomic nervous system dysfunction, specifically, vagal function. Low oxygen saturation and high ventilation rate with exercise often lead to hypoxia, which can precipitate variability in the heart rate. Also noted are lower O2max and anaerobic thresholds (12). Anemic situations such as hypoxia, cardiopulmonary disease, and inflammation can result in reduced exercise capacity. The 6-minute walk test is often used to indirectly measure exercise capacity in children. 
As reported by Eichner (72) in the realm of sport, exertional sickling is the number one leading killer of athletes in National Collegiate Athletic Association Division I football. These deaths all occurred during the conditioning phase and consisted of sudden cardiac arrest, asthma, and exertional heatstroke. Eichner recommends that athletes be screened before participation. There is discussion as to whether these athletes should be allowed to play at all. However, so as to not exclude them from exercise that is beneficial, these athletes are encouraged not to go all out but to set their own pace, resting periodically. Those with sickle cell disease are not recommended to participate in maximal testing. Athletes should be educated on the warning signals and learn to heed the warnings and seek medical help. Exercise professionals and coaches should monitor environmental conditions and adjust athletes’ workloads and intensities accordingly. 
Exertional rhabdomyolysis or sickling has been identified in active duty soldiers. Exertional sickling and exertional heat illness pose a risk for sudden death for military personnel just as it does with athletes (73). The intense nature of the conditioning of the soldier shares many of the dangers associated with conditioning for sports. Therefore, recommendations are similar. 
A recent study (210) compared the effects of incremental cycle ergometer exercise in individuals with sickle cell anemia and healthy individuals. The exercise was a single bout of incremental exercise to ventilatory threshold. Monitoring postexercise showed no significant hematologic changes in either sickle cell anemia or healthy subjects. This study indicates that light- to moderate-intensity aerobic exercise may be beneficial and safe in individuals with sickle cell anemia. However, as emphasized by the investigators, further research is needed to help quantify the exact amount and intensity of exercise that can safely be prescribed. 
Exercise Recommendations for Clients With Sickle Cell Disease
Two studies have reported positive effects of exercise in clients with sickle cell anemia. Strength and aerobic exercise in children of less than 30 minutes allowed a decrease in the use of analgesics as well as improving range of motion in some areas of the body (13). More recently, Tinti and colleagues (197) published a case study on the positive effects of aquatic exercise consisting of aerobic exercise and stretching for 45 minutes twice a week. Results showed a reduction in pain, small strength increases, and improved life quality. Clearly, more research is needed to address the lack of solid exercise prescription recommendations for clients with sickle cell anemia. Connes and colleagues (51) recommend that clients with sickle cell disease begin slowly and progress based upon how well exercise is tolerated, avoid extreme temperature exposure and hydrate frequently, and incorporate frequent rest breaks with exercise bouts up to 20 minutes. There are no consistencies in exercise recommendations. Recommendations need to be based on the client’s exertional capacity and symptomatology. It is advised that clients with a known enlarged spleen avoid contact sports (209). 
Sickle Cell Disease

Case Study

 
	Sex: Male
	Race: African American
	Age: 25
	Height: 6 feet, 5 inches (1.96 m)
	Weight: 240 pounds (109 kg)
	Body fat: 32%
	Body mass index: 28.5
	Resting heart rate: 60 beats/min
	Blood pressure: 120/70 mmHg

History

Mr. T, a young man diagnosed with sickle cell disease at birth, wants to begin an exercise program. He has not been physically active, other than walking, for the last five years. Before that he had participated in a high-intensity program. While doing pull-ups and sit-ups he began to experience severe leg and back pain. He continued to exercise, and during a 2-mile (3.2 km) run he began to have severe leg cramps that continued hours after exercising, along with symptoms similar to those for the flu. His symptoms continued to intensify to the point that he went to the emergency room. There he was diagnosed with exertional rhabdomyolysis. 

Goals

Mr. T would like to work on the following goals:

 
	Lose weight and fat mass
	Improve aerobic and physical capacity without sickling

Intake

Before Mr. T began his exercise program, his physician had encouraged him to seek the advice of a knowledgeable exercise professional. Other than diminished capacity, he has no physical limitations. He performed a 6-minute walk test for aerobic capacity, push-up test for upper body endurance–strength, and the leg press test for lower body strength. Test results confirmed a low capacity for his age and sex. The exercise professional recommended a progressive resistance training program, cardiopulmonary exercise, and flexibility exercise. It was also recommended that he seek dietary advice from a registered dietician to help promote health. 

Initial Training

Training sessions began with low-impact cardiovascular training three times per week. Mr. T’s choice of activity was water walking or jogging and swimming due to its low impact. He tolerates the water walking and jogging fairly well at a light intensity for 20 minutes. He has enjoyed some resistance training along with basic static stretching. A full-body approach to resistance exercise was used at a light intensity, with 10 to 12 repetitions increasing to a moderate intensity, and one set of a combination of bodyweight and dumbbell exercises was chosen. 

Exercise Progression

Over a period of two months Mr. T continued to do his water walking and jogging and gradually increased his ability to swim to four days per week. Cardiovascular training was conducted four days per week for 30 minutes. He began to alternate training sessions between the pool, the treadmill and elliptical, and the weights. He was able to increase to a full-body workout of two or three sets at a moderate to high intensity, making sure to breathe properly. 

Outcomes

In three months’ time, with his workout program Mr. T has noted some weight and fat loss with a repeated body composition and now weighs 230 pounds (104 kg) at 28% body fat. His weights and aerobic work have been beneficial in improving his aerobic capacity as well. 

Key Point
For clients with sickle cell disease, obtain medical permission for physical training depending on the level of severity. Monitor exercise capacity closely. 
Training Recommendations and Contraindications for Clients With Sickle Cell Disease

 
	Obtain medical permission for physical training depending on the level of severity.
	Physical capacity should be evaluated before starting exercise programming.
	Physical activity should be limited to less than 20 minutes with frequent breaks.
	Exercise professionals should be very aware of how clients respond to training and be willing to adjust frequency, intensity, and time as needed. Avoiding activities that prove too taxing on the cardiovascular system is vital to this process. 
	All training should be light intensity and should be progressed as needed based on tolerance to activity.
	Resistance training can include many different modes. Monitor intensity levels accordingly, ensuring that the client is breathing properly. 
	Alternative modes of training are also useful. Consider aqua exercise as a possible form of aerobic exercise.
	Consider avoiding contact sports, especially in persons with an enlarged spleen.
	Hydration is important.
	Use caution in extreme weather conditions.




Hemophilia 

Hemophilia is a genetic disease that occurs due to a lack of specific blood protein factors that allow clotting (221). Depending on the severity of the disease, a person with hemophilia may have mild symptoms (e.g., slower clotting than normal) or more severe symptoms such as severe bleeding that requires medical intervention. It is important to remember that hemophilia has a “range of severity,” depending on the level of deficiency in one of the protein factors (221). Severe hemophilia usually appears within the first 18 months of life (122). The severity of hemophilia A or B is commensurate with the percentage of circulating clotting factor activity. Individuals with levels less than or equal to 1% activity are categorized as having severe disease, those with 2% to 5% as having moderate disease, and those with 6% to 40% as having mild hemophilia (178). 
History and Demographics of Hemophilia
Hemophilia is hereditary and is carried recessively on the X chromosome (188). This means that it is more common in males than females. Since the disease is recessive and on the X chromosome, females with the disease would have both parents as carriers; but males, who have a single X chromosome, would need only a single parent as a carrier for the disease (221). Hemophilia A occurs in 1 in 5,000 male live births, hemophilia B in 1 in 30,000 (142). Diagnosis of the disease usually occurs by 6 years of age, and often earlier when the disease is severe (221). Most individuals with hemophilia are deficient in clotting factor VIII (218). 
A study of U.S. demographics, comorbidities, and health status found that those living with hemophilia experience a wide variety of comorbidities (57). In this study of 141 participants with hemophilia A and B, 47.5% had liver disease. The rate of liver disease in the U.S. population is 1.1%. The rate of HIV infection in this population was 14.2%, as compared to 0.25% in the U.S. population. The same investigation found that almost 50% of persons with hemophilia were overweight or obese. As compared to the older participants, those at the younger end of the age spectrum were more obese than overweight (57). The average occurrence of hemophilic joint arthritis in this population was 33.3%. This average was higher in the older end of this population spectrum (44%). In comparison, the arthritis rate among U.S. males aged 18 to 44 is 6.8% (57). Forsyth and colleagues (82) found that spontaneous joint bleeding was reported in 76% of persons with hemophilia.
Joint bleeding typically progresses from early synovitis to ultimate end-stage, irreversible joint damage (140). 
Pathophysiology of Hemophilia
Severe hemophilia is typically identified in infancy, often due to knowledge of family history or unusual bleeding (221). According to the Mayo Clinic (145), hemophilia A is the most common type of hemophilia, characterized by insufficient clotting factor VIII. Hemophilia B is the second most common type, caused by insufficient clotting factor IX. Hemophilia C is the mildest form, caused by insufficient clotting factor XI. Since there is no cure for hemophilia, the key is to control the disease. This is typically accomplished by using clotting factors. Before clotting factors VIII and IX were isolated, the life span for an individual with hemophilia was quite short. Before the 1940s, the average life span of a person with hemophilia was 27 years; with technological improvements it increased to 60 years by the 1980s (218). A survey of the 2007 Healthcare Cost and Utilization Project–Nationwide Inpatient Sample (NIS) found that the mortality rates of hemophilia patients (2.2%) were comparable to the all-cause in-hospital mortality rates (1.9%) (87). The overall median age of death for hemophilia-related hospitalizations was 68.3 years as opposed to 72.3 years for all hospitalizations. With the development of recombinant factor production, the risk of AIDS and hepatitis transmission with clotting factor administration has been minimized (218). 
Common Medications Given to Individuals With Hemophilia
According to the National Hemophilia Foundation, the preferred treatment for hemophilia is factor replacement therapy with factors made from human plasma. This treatment includes injecting the missing protein (clotting factor) into the person’s vein. Clotting factor VIII is used for hemophilia A, while clotting factor IX is used for hemophilia B (159). This process allows for immediate use of the protein to facilitate clotting. Treatments are determined based on bleeding patterns and severity of the disorder. Regular treatment is referred to as prophylaxis, and treatment that is provided on an as-needed basis is referred to as “on-demand” (157). According to the National Institutes of Health (159), other types of treatment are also possible. Desmopressin is a man-made hormone used to treat people who have mild hemophilia A. This hormone stimulates the release of clotting factor VIII. Desmopressin is not known to interfere with exercise response or adaptations. Antifibrinolytic medicines are used in conjunction with gene replacement therapy to help keep blood clots from breaking down. These medications are not known to interfere with exercise response or adaptations, but may have side effects that make exercise unpleasant. See medications table 7.7 near the end of the chapter. 
Effects of Exercise in Individuals With Hemophilia
Anderson and Forsyth (18) note that people with bleeding disorders vary widely in how they respond to taking part in sport and exercise. Unfortunately, inactivity among people with hemophilia is all too common. Despite concerns, there is little doubt as to the positive benefits of exercise for persons with hemophilia. As with healthy populations, regular exercise can significantly improve quality of life (154). Individuals with hemophilia are at risk for joint bleeding and may have preexisting joint damage from previous bleeds (81). This means that exercise programming should be conservative. Although the literature is relatively limited, it appears that individuals with hemophilia respond positively to aerobic, resistance, and aquatic training (25, 188). 
People with hemophilia who engage in resistance training programming will benefit from muscular strength increases as the muscles around affected joints are strengthened (104). The benefits of resistance training for this population are multifold. Tiktinsky and colleagues (196) researched the effect of resistance training on people with severe hemophilia and found that in addition to muscular strength increases, bleeding frequency decreased from two or three times per week to one or two times per week. This investigation also documented two people with hemophilia who had engaged in long-term resistance training (more than 11 years); they reported a marked decrease in bleeding frequency and severity. Another study that used resistance training as part of a training regimen reported no exercise-induced pain or bleeding as a result of exercise (154). This investigation noted improvements in joint motion, muscular strength, and distance walked in 6 minutes. The greatest gains were seen in those with the most severe joint damage and comorbidities. 
Aerobic exercise has also been found to be beneficial. In response to an acute high-intensity aerobic exercise session to volitional fatigue, Groen and colleagues (94) found significant increases in clotting factor VIII in persons with mild and moderate hemophilia A. Moderate aerobic exercise was found to be more effective than mild at improving markers of bone metabolism and handgrip strength in individuals with moderate hemophilia A. Improvements in clotting factors also occurred in persons with moderate hemophilia as a result of moderate-intensity aquatic exercise (25). Regular aquatic exercise has also been found to improve muscular strength around affected joints. Not much has been published regarding flexibility programming and hemophilia. However, Anderson and Forsyth (18) state that stretching is one of the most important parts of a conditioning program. Mulvany and colleagues (154) used a stretching program as part of a conditioning program. In this investigation, significant improvements in range of motion were found in all joints. As with healthy populations, regular exercise can significantly improve quality of life among people with hemophilia (154). 
Exercise Recommendations for Clients With Hemophilia
Program design guidelines for clients with hemophilia are summarized in table 7.6. Exercise for clients with hemophilia is recommended in conjunction with medical treatment (188). Forsyth and colleagues (81) recommend a regular physical activity program including strength, aerobic, balance, and range of motion activities to help reduce the risks of osteoporosis, falls, and hemophilia-related joint changes. It is advisable that the person programming exercise for clients with hemophilia be familiar with the disease. Forsyth and colleagues (81) recommend that this person be someone associated with a hemophilia treatment center. With any type of exercise, it is important that people with hemophilia be given exercise options based on their capabilities. For instance, joint pain and limited range of motion may necessitate the use of alternative forms of exercise. Given the rather sparse and varied nature of investigations of exercise and hemophilia, providing solid guidelines is difficult. However, what has been done has been progressive over time and shown to be safe and effective. With regard to resistance training, research suggests that training can occur between two and five times per week. Starting at the lower end of this frequency spectrum, as well as those of other intensity indicators, is advisable upon initiating a program. Investigations have used a full-body approach, fewer multijoint exercises, and more isolated muscle group approaches. Intensity ranges are suggested to be between one and three sets, 10 to 20 repetitions (40-70% 1RM), 1 to 2 minutes of rest. Modes of resistance training can vary from resistance bands to machine weights, isometric exercises, and free weights. 




Typically clients with hemophilia have low cardiopulmonary fitness. Initially, light- to moderate-level aerobic exercise is preferable. Mulvany and colleagues (154) used the estimated MHR formula (i.e., 220 − age) to develop individualized exercise training programming with a progression from 50% to 70% estimated maximal heart rate. While some success has been shown with an acute high-intensity bout, not much is known about how such exercise will be tolerated over time. Exercise sessions should start out at 15 to 20 minutes of continuous exercise two or three times per week. Aquatic exercise may also be used to achieve a desired aerobic effect. The National Hemophilia Foundation (18) recommends that adults gradually increase aerobic exercise until 30 minutes of moderate-intensity activity is achieved on most days of the week. Flexibility training should include a full-body approach. Static stretches should be slow and gentle and held for at least 30 seconds. Over time, the number and duration of stretches can be increased. Should bleeding occur, stretches should cease until bleeding is under control. 
Hemophilia

Case Study

 
	Sex: Male
	Race: Hispanic
	Age: 19
	Height: 5 feet, 8 inches (1.73 m)
	Weight: 220 pounds (100 kg)
	Body fat: 29%
	Body mass index: 33.5
	Resting heart rate: 72 beats/min
	Blood pressure: 142/94 mmHg
	Temperature: Normal

History

Mr. R is a 19-year-old college student with factor IX deficiency (hemophilia B). His disease severity is classified as moderate. He was diagnosed with this disease at 5 years old following episodes of intense bruising and bleeding. He has experienced joint tenderness, pain with movement, and decreased range of motion. Due to his symptoms, he has avoided physical activity for many years. As a result he has gained a significant amount of weight during his teenage years. In turn, his joint problems have gotten worse. He routinely receives factor IX for acute bleeds and recombinant factor IX for replacement therapy from a hemophilia care center. His physician has also prescribed NSAIDs for his joint pain. Working during college is important to Mr. R; however, maintaining a job has been difficult. Mr. R has come to the realization that his condition is not improving and that he needs to make a change for the better. He consulted his physician for further advice and was advised to exercise. 

Goals

Mr. R would like to work on the following goals:

 
	Reduce the amount of pain he experiences on a daily basis
	Improve quality of life
	Reduce body weight to take stress off joints
	Make physical exercise a regular part of his treatment program

Intake

Having consulted with his hemophilia treatment center, Mr. R has located a certified exercise professional who knows about his condition. The exercise professional took a full medical history. Due to limited range of motion as well as joint pain, exercise testing was not possible. As an alternative, the exercise professional performed a walk test for time to assess Mr. R’s aerobic capabilities and a dynamometer battery for strength. Bioelectric impedance was used to measure body composition. The exercise professional made a referral to a registered dietician who was knowledgeable about hemophilia. 

Initial Training

Due to the client’s condition, slow progression was necessary. In addition, alternative forms of training were required to accommodate limited ranges of motion. The primary training emphasis of the program was to help increase cardiopulmonary capacity, overall muscular strength especially around the affected joints, and muscular flexibility. Frequency of resistance training was variable until any joint swelling or other symptomatology subsided. Mr. R’s initial strengthening program was based on his available range of motion at each joint and history of pain. The most fragile joints were targeted for this early phase of training. This generally consisted of exercises performed at 40% to 50% of the client’s tested isometric maximum voluntary contraction (MVC), which was used as a guide. All exercises were performed for one set of 10 repetitions within the pain-free range of motion, below the point of volitional fatigue. Exercise options could include resistance bands, bodyweight exercises, dumbbell exercises, or other functional strengthening activities. Cardiovascular training was performed twice weekly and was low impact. Exercises chosen consisted of aquatic exercise, treadmill, or cross-country skiing. Typical intensity began at 50% MHR. The goal was to reach 10 to 20 minutes of consistent activity. If this goal was not reached in one interval, 5- and 10-minute intervals were used to reach it. Flexibility training followed cardiovascular training, as the fibrous joints of persons with hemophilia are more responsive to the warming of active exercise. To begin, stretches were held for 20 to 30 seconds within the pain-free range of motion. 

Exercise Progression

With adequate adaptation, resistance training intensity increased by 5% to 10% per week up to a maximum of 70% of the client’s MVC. Training frequency was increased to three or four times per week. With the strengthening of the most affected joints, a full-body approach could now be used. Full-body training was divided into two training sessions. Set volume increased from one to three sets per body part. Repetitions progressed to the 10 to 20 range. Aerobic training progressed to three or four 30-minute sessions per week at 70% of the client’s MHR. Low-impact movements were still used. The same full-body approach to flexibility was maintained; however, the length of static stretches gradually increased up to 60 seconds. 

Outcomes

Mr. R’s progression took longer than anticipated, but he was eventually able to adopt a regular program. With persistence, he was able to increase muscular strength around his most affected joints. This made a definite difference in his physical capabilities and in his daily life. 

Key Point
Advances in prophylaxis have made it easier and safer for people with hemophilia to exercise; however, bleeding due to injury is still possible. Always consider the timing of treatment in relation to physical activity. 
Training Recommendations and Contraindications for Clients With Hemophilia

 
	Obtain medical permission for physical training depending on the level of severity.
	Physical capacity should be evaluated before starting exercise programming.
	Evaluate joint range of motion limitations before exercise selection.
	Coagulation medication should be available for potential light to moderate bleeds.
	Use estimated MHR to help determine aerobic exercise intensity.
	Flexibility exercise should be performed after active warm-up.
	Be prepared for progressions in all health-related fitness areas to take much longer than in apparently healthy clients.
	Exercise professionals should be very aware of how clients respond to training and be willing to adjust frequency, intensity, and time as needed. Avoiding painful movement is vital to this process. 
	All training should be light and low impact.
	Resistance training can include many different modes but should begin sparingly until tolerance can be determined. Consider bodyweight activities, lower-level modes of resistance such as tubes and bands, and machine- and free-weight movements. 
	Avoid ballistic motions when training. Use smooth, controlled movements that will reduce the chance of injury and allow proper control of movement. 
	Consider aerobic modes initially that are predictable modes of exercise so the client can more effectively exercise in a steady state. 
	Alternative modes of training are also useful. Consider aqua exercise as a possible form of aerobic exercise.
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Conclusion 
Immunologic and hematologic disorders are serious life-altering diseases. It is important for the exercise professional to recognize signs and symptoms of these diseases. It may be that an individual has a previous undiagnosed illness, and recognition by the exercise professional will allow proper diagnosis by appropriate medical professionals. 
When working with clients who have previously diagnosed immunologic and hematologic disorders, the exercise professional should monitor the client to ensure that the exercise prescription is beneficial and not harmful. The guidelines provided in this chapter are general, and it is critical to remember that each client is an individual. Furthermore, in some instances, clients with the disorders discussed in this chapter respond to exercise differently from healthy clients. Even if a client is asymptomatic, the exercise professional should always remember the existence of the chronic disorder. The benefits of exercise for both improved health and quality of life cannot be underestimated. The qualified exercise professional can have a positive impact on individuals with immunologic and hematologic disorders by recognizing limitations and designing exercise programming that adapts to meet the needs and abilities of the client. 
Key Terms
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Study Questions
 
	Which of these is a characteristic of rheumatoid arthritis? 	occurs more frequently in men
	usually affects neck and back first
	is curable with regular exercise and medication
	originates with immune system attack on joint synovial lining


	What is the difference between discoid lupus erythematosus (DLE) and systemic lupus erythematosus (SLE)? 	SLE affects only T-cells.
	DLE is not an autoimmune disease.
	SLE does not shorten life expectancy.
	DLE does not usually affect internal organs, only the skin.


	A colleague presents the following initial exercise plan for a sedentary new client with lupus. Walking on a treadmill at 60% O2peak for 30 minutes a day, twice a week to start, progressing to four times per week. Resistance training beginning with eight bodyweight exercises covering all major muscle groups, 1 set each at 50% estimated 1RM at a frequency dictated by symptoms. Full-body flexibility exercises held for 5 seconds, daily after treadmill exercise completed. 
Given this scenario, what recommendation should the exercise professional make?
 
	Reduce treadmill intensity to 30% O2peak. 
	Increase resistance training to 4 days per week.
	Split treadmill exercise into three 10-minute bouts.
	Eliminate flexibility exercises until treadmill intensity progresses to 70% O2peak. 


	The most important consideration for clients with hemophilia when one is designing an exercise program is 	infection control
	postexertional malaise
	side effects from DMARDs and related medications
	the potential for joint damage and limits on range of motion
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After completing this chapter, you will be able to
 
	describe the physiological characteristics of the various neurological disorders;
	discuss the health-related consequences for each of the special populations with neurological disorders;
	explain how different neurological disorders affect the ability to exercise, acute exercise responses, and chronic adaptation to exercise training; 
	explain the benefits of appropriate exercise conditioning in persons with various neurological disorders; and
	design appropriate exercise programming specific to the needs of individuals with particular neurological disorders.

The nervous system is a complex, highly specialized organized network of nerve cells responsible for the coordination of all volitional and involuntary actions and functions of the human body. The nervous system anatomically consists of the central nervous system (CNS), made up of the brain and spinal cord, and the peripheral nervous system (PNS), which includes nerves that connect the CNS with the rest of the body, including skeletal muscle and organs. Functionally, the PNS is divided into the somatic system, which mediates volitional movement; the autonomic system, which is responsible for control of internal organs; and the enteric system, which regulates the gastrointestinal system. The PNS is also composed of ascending (afferent or sensory) and descending (efferent or motor) neural tracts. 
Neuromuscular disorders
are medical conditions that result in a decline in functioning of the body’s various nervous systems or the muscular system. These medical conditions may arise from biological causes or from genetic defects. Neurological disorders may also be caused by injuries to the brain or spinal cord or in some cases by degenerative diseases. The location and severity of the tissue damage determine the short-term outcomes of the injury or disease process, as well as the long-term potential for recovery. Direct trauma to the brain may result in cerebral palsy if the injury occurs during pregnancy, during childbirth, or within the first three years of life. Injury to the adult brain produces traumatic brain injury, while interruption of blood flow to the brain may result in a stroke. Multiple sclerosis and Parkinson’s disease are neurological disease processes that affect the peripheral nerves and the brain tissue in different populations. 
Neuromuscular disorders can be classified as either progressive or nonprogressive. Progressive neurological disorders are conditions that involve a continuing and progressive deterioration of functioning. These disorders include multiple sclerosis, Parkinson’s disease, and muscular dystrophy. These progressive neuromuscular conditions vary in rate of development and commonly have periods of relapse and periods of remission. Progressive neuromuscular disorders are generally caused by disease processes or genetic factors. 
Nonprogressive neurological disorders are conditions that do not continue to exhibit declining neurological functioning following an initial episode of disease or mechanical injury. There are significant reductions in function with an initial episode with no further primary declines thereafter. These nonprogressive conditions include cerebral palsy, stroke, head injury, and spinal cord injury. Nonprogressive disorders are generally a result of traumatic injury to the CNS, either the brain or spinal cord. 
Key Point
Common progressive neuromuscular disorders include multiple sclerosis, Parkinson’s disease, and muscular dystrophy. Cerebral palsy, traumatic brain injury, stroke, and spinal cord injury are nonprogressive neurological disorders. 



Multiple Sclerosis 
Both voluntary and involuntary actions of the human body are controlled and coordinated by the nervous system. The functional units of the nervous system, neurons, possess the unique ability to generate electrochemical signals that are transmitted along the neural axon. Some neurons are surrounded by a myelin sheath. Myelin is a fatty white substance that establishes an electrically insulating layer, or sheath, around the neuron that is essential for proper functioning of the nervous system. The myelin sheath increases electrical resistance across the neuron membrane, thereby preventing leakage of electrical impulses. 

Demyelination, the loss of the myelin sheath, is the primary characteristic of some neurodegenerative autoimmune diseases in which the deterioration of the myelin layer dramatically weakens the electrochemical signals. Significant loss of myelin slows or blocks all electrochemical signals from the brain to the body. 
The most common of these diseases is multiple sclerosis, which affects either or both of the CNS (brain and spinal cord) and the PNS. Other neurodegenerative autoimmune diseases that involve loss of myelin include transverse myelitis, Guillain-Barre syndrome, leukodystrophy, and Charcot-Marie-Tooth disease. Common characteristics of these diseases include muscular weakness, tingling or numbness, visual limitations, heat sensitivity, reduced coordination and balance, fatigue, and disturbance of cognitive processes including speech, memory, or both. 
Pathology of Multiple Sclerosis

Multiple sclerosis (MS) is a progressive autoimmune disorder characterized by deterioration of the myelin sheath. The myelin sheath covers billions of nerve cells in the body, and its purpose is to aid in the speed and transmission of CNS signals. In individuals with MS, the myelin sheath and the underlying neurons undergo demyelination that leads to a breakdown in signal transmission. 
Individuals afflicted with the disease experience a wide array of symptoms that vary between individuals (36, 84). These symptoms are due to the breakdown in nerve signal transmission and depend on where exactly the demyelization occurs. Individuals most commonly experience fatigue, numbness, walking problems, balance impairments, coordination impairments, bladder dysfunction, bowel dysfunction, vision problems, dizziness, vertigo, sexual dysfunction, cognitive dysfunction, pain, emotional changes, spasticity, and depression (12, 24, 36, 42, 84, 112, 195). In addition, other less common symptoms may be seen, such as speech disorders, swallowing problems, headache, hearing loss, seizures, tremors, breathing problems, and itching (11, 60, 178). Despite these symptoms, people with the disease experience a normal life span. It is often difficult to diagnose MS, as these symptoms can appear similar to symptoms of other diseases. 
Individuals affected by MS also experience a wide range of disease courses and outcomes. There are four types of MS: relapsing–remitting, secondary progressive, primary progressive, and progressive–relapsing. Eighty-five percent of cases are initially diagnosed as relapsing–remitting MS (26).
In these cases, patients experience clearly defined exacerbations or flare-ups. These are times when the CNS experiences inflammation and in turn, previously seen symptoms rapidly worsen or new symptoms arise. Exacerbations vary among individuals and can last anywhere between days and months. Exacerbations are interrupted by remission periods, or times in which patients’ neurological functions stabilize and do not worsen. During remission, people may return to their preexacerbation condition with no symptoms, or they may experience some small ongoing symptoms (166). 
Fifteen percent of MS cases are diagnosed as primary progressive, which is a type of MS in which neurological function deteriorates from disease onset without any significant remissions, although the symptoms may briefly plateau or possibly even appear to be temporarily improved. Otherwise, these patients experience slowly deteriorating neurological function (166). 
Of the 85% of relapsing–remitting MS cases, 50% will be considered as secondary progressive
within the first 10 years of diagnosis and 90% within 25 years (240). These individuals will experience less recovery following attacks and disability progressing over time with deteriorating neurological function (166). 
Pathophysiology of Multiple Sclerosis
Multiple sclerosis is most commonly seen in Caucasian women (224). Women are two to three times more likely to develop the disease than men, and Caucasians are twice as likely to develop the disease as any other race (181). The disease is most often diagnosed between the ages of 20 and 40 and is the most prevalent neuromuscular disease seen in young adults (72, 202). The National Multiple Sclerosis Society estimates that 2.3 million people are affected worldwide (138, 166). Although MS is most commonly seen in adults, estimates suggest that 8,000 to 10,000 individuals under 18 years old suffer from this disease (164). 
The definitive cause of MS is unknown; however, scientists offer four possible explanations for its origin: immunologic, environmental, infectious, and genetic (228). Some speculate that individuals with MS experience an abnormal immune-mediated response in which myelin and nerve fibers are attacked by the body (202). Specifically, the myelin sheath is attacked by a white blood cell group called T cells. In turn, this causes tissue damage and inflammation, leading to scar tissue (sclerosis) and blockage in signal transmission. This blockage in signal transmission causes messages to become lost or distorted, leading to the symptoms of MS. 
Secondly, scientists hypothesize that MS may be caused by environmental factors. (9). This theory originated from epidemiological data showing that persons are more susceptible to MS the farther they live from the equator. (219). Along the same lines, it was also theorized that these individuals get less sunlight, leading to less vitamin D, and therefore do not receive the positive impact that vitamin D has on immune function. (9). In addition, a pattern of children being born in an environment with a low risk for developing MS and moving to a high-risk environment before puberty increased their chances of developing the disease (5, 10). 
Scientists have also shown that demyelination and inflammation can be caused by viruses; therefore they are looking at several different viruses or bacteria as a possible cause for MS: measles, canine distemper, human herpes virus-6, Epstein-Barr, and Chlamydia pneumoniae (9, 100). 
Finally, the role of a person’s genetics in relation to developing MS is being explored (79). Individuals may be genetically susceptible to but may not directly inherit MS; however, there may be certain gene markers making a person more susceptible to developing MS if exposed to the necessary stimuli. For example, if a person has a first-degree relative with the disease, the chances increase from 1 in 750 to 1 or 2 out of 40 that he or she will also develop the disease (165). 
Common Medications Given to Individuals With Multiple Sclerosis
Multiple sclerosis is a disease process without a cure. The progression of MS and the associated symptoms vary appreciably with a variety of medical treatments for those symptoms. See medications table 8.1 near the end of the chapter for listings of common medications for persons with MS, the mechanism of action, and the most common side effects of those drugs as well as common effects of these medications on the ability to engage in exercise training. 
Individuals with MS are commonly prescribed medications in three primary categories. First, after they have been diagnosed with MS, a physician is likely to prescribe a disease-modifying drug in an attempt to reduce the frequency and severity of attacks, reduce the damage to the CNS, and slow the progression of the disease (193). Some of these medications, such as interferon, have the potential for reducing the capacity to exercise as well as the capacity to recover between training sessions. 
Secondly, if a person with MS is experiencing a significant exacerbation interfering with her ability to function or her safety, a physician may administer a large dose of corticosteroid to reduce the time of the flare-up (130). Corticosteroid medications such as prednisone and methylprednisolone reduce inflammation of the CNS but carry with them a risk of reducing exercise capacity. 
Finally, individuals with MS may also take medications to help manage the following symptoms: bladder and bowel dysfunction, depression, erectile dysfunction, dizziness and vertigo, fatigue, nausea and vomiting, pain, itching, spasticity, and tremor (70, 73, 211). Medications may alleviate these symptoms, which may allow an increased ability to engage in purposeful exercise training. Conversely, side effects of these medications include drowsiness, dizziness, blurred vision, fatigue, and weakness, which may reduce exercise capacity and balance. 
Effects of Exercise in Individuals With Multiple Sclerosis
The efficacy for exercise, specifically resistance training, in persons with MS has been widely established (116). The goals of an exercise program for persons with MS are to improve and maintain important functions such as activities of daily living. Participating in exercise will not cure or slow the disease progression (48), but it will allow people to experience a higher quality of life (152). Progressive resistance training (PRT) has been shown to positively affect strength. For example, Dodd and colleagues (55) assigned individuals with relapsing–remitting MS to either a PRT group or a control group for 10 weeks. After training two times per week for 10 weeks, the PRT group improved their strength, muscular endurance, fatigue level, and quality of life more than the control group. 
Another research team examined the effects of an eight-week PRT program in subjects with MS. These subjects improved their isometric strength, muscular endurance, maximal power, muscular hypertrophy, and walking speed following the intervention (48). A third research group also demonstrated the efficacy of PRT in people with MS; subjects in this study were assigned to either a PRT group or a control group. Individuals in the intervention group trained their lower extremity muscles two times per week for 12 weeks. At the conclusion of 12 weeks, the PRT group improved their muscle strength and functional mobility (38). Filipi and colleagues (65) examined the effects of PRT on balance and gait parameters as well as muscular strength in patients with MS. These individuals exercised two times per week for six months. They demonstrated improvements in balance, gait, and muscle forces generated during gait. 
Exercise Recommendations for Clients With Multiple Sclerosis
Clients with MS can benefit from both resistance and aerobic training (38, 39). Program design guidelines for clients with MS are summarized in table 8.1. Persons with MS may benefit from using seated resistance machines as opposed to upright free weight activities if their balance is compromised. Resistance training should be initiated with resistance levels at the 15RM (repetition maximum) level for one to three sets each of four to eight exercises using a total body program. Training criteria can potentially be increased progressively but slowly, over weeks, to three or four sets per exercise at 8RM to 15RM intensity for two or three sessions per week. 




The modes of aerobic training suitable for persons with MS include indoor recumbent cycling, arm–leg ergometry, aquatic exercise, and treadmill walking. Aerobic training recommendations call for two or three weekly sessions at a light to moderate intensity beginning with 10- to 40-minute sessions. These clients will also benefit from a general static stretching program of low-duration stretching, as opposed to dynamic stretching, since persons with MS are quite prone to spasticity and many have balance limitations (167). 
Aquatic exercise, either swimming laps or participating in cardiovascular or resistance training in the pool, is a popular and efficient way for this population to exercise (197). The water temperature should be kept cool, less than 85°F (29°C), to avoid overheating (108). 
Exercise Modifications, Precautions, and Contraindications for Clients With Multiple Sclerosis
Fatigue is a common symptom seen in clients with MS (121). This may limit a person’s ability to exercise on a given day. To avoid further increasing fatigue, exercise should not be performed maximally or to volitional fatigue or failure. In addition, all exercises need to be progressed slowly. 
Clients with MS are very sensitive to external and internal increases in heat (45). An increase in internal body temperature of as little as half a degree can further complicate a demyelinated nerve’s ability to conduct an impulse (199). Due to this sensitivity, exercise should be performed in a cool (72-76°F [22-24°C]) indoor air-conditioned facility; exercise in the sun or any humid environment is not recommended. Sensitivity to the heat may be further compromised by a decreased sweating response seen in some clients with MS (45). Pre- and postexercise cooling is a good strategy for helping with the natural increase in temperature with exercise. In addition, the client should remain well hydrated in order to further combat heat stresses. 
Key Point
Persons with MS should always perform exercise training in well-ventilated areas with relatively cool temperatures. Even slight increases in internal body temperature may acutely limit nerve conduction in demyelinated nerves and over time may hasten further demyelination. 
Another concern arises when a client is experiencing an exacerbation, or flare-up. Exercise should be discontinued until the attack has completely subsided. When it is deemed safe to return to exercise, it may be necessary to adjust the exercise prescription to match the person’s new level of ability. It is possible for people to regain all preattack functions, but they may now also have some new symptoms. 
Also, clients with MS often use wheelchairs, canes, and walkers. Persons administering exercise programs to this population should be familiar with proper use of this equipment and proper ways of aiding transfers. 
Multiple Sclerosis

Case Study

Mrs. F is a 46-year-old woman who was diagnosed with relapsing–remitting MS four years ago. She works at home on the computer. She has difficulty getting around the community and recently started walking with a rolling walker that has a folding seat. She gets fatigued easily. She wanted to do more activities outside of her home, so she enrolled at a fitness center. Her daughter hired an exercise professional to work with Mrs. F three days per week for an hour at a time. 

Mrs. F’s neurologist cleared her to exercise with instructions not to exercise if she is having an exacerbation of symptoms or if she is overly fatigued on a particular day. Mrs. F is taking disease-modifying drugs, has a body mass index (BMI) of 32, and has prehypertension. She self-reported that she has not exercised in years. 

The exercise professional started Mrs. F’s exercise sessions in a cool-water pool. The sessions began with shallow-end water walking and deep-end water “jogging” for cardiovascular conditioning. Mrs. F was also instructed in resistance exercises with aqua-dumbbells and flexibility activities. 

After one month of water activities, Mrs. F started exercising in the gym for half of her sessions. She started her sessions with a cardiovascular warm-up of either recumbent cycling or recumbent arm–leg ergometry. She performed strengthening exercises using the seated machines in the gym. Next, she performed balance and posture activities. All sessions concluded with static stretching. 

After three months of training, Mrs. F self-reported that she felt better than she had in years and had more energy. She started working outside of her home three half-days per week. In the three-month period, she canceled two sessions due to feeling fatigued and did not experience any exacerbations. She improved her muscular strength and endurance, flexibility, aerobic endurance, and ability to get around the community. She also reduced her blood pressure slightly and improved her BMI to 30. 
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Parkinson’s Disease 
Parkinson’s disease (PD) is a progressive neurological disorder that influences volitional movement. This disease develops slowly and is most prevalent in older persons. The most common symptom of PD is muscular tremors. However, this disease commonly results in muscular stiffness and slow movements. Other symptoms include a lack of facial expression, lack of arm swing during walking, and slurred speech. While there is no cure for PD at this time, medications may reduce the symptoms. 
Pathology of Parkinson’s Disease

Parkinson’s disease is the second most common neurodegenerative disease. It is a progressive brain disorder caused by the death or impairment of neurons in the substantia nigra region of the brain. These neurons are responsible for the production of dopamine, a chemical that sends messages to the area of the brain that is responsible for smooth and coordinated body movements. The hallmark signs of PD include tremor of a limb, bradykinesia (slowness of movement), rigidity, and poor balance (97). In addition, individuals may demonstrate small, cramped handwriting, stiff facial expressions, a shuffled walk or a festinating gait pattern, muffled speech, difficulty swallowing, and depression (97, 127). Diagnosis of PD is difficult and may be done only after a thorough examination by a neurologist. Additional blood work and magnetic resonance imaging tests may be ordered to rule out other diseases that also show parkinsonism symptoms, but there is no one test that can identify PD (30). Each case is unique in that the progression and level of disability vary greatly between individuals (187). 
Pathophysiology of Parkinson’s Disease
The cause of PD is currently unknown. Speculation exists that there might be a genetic or environmental link to PD (4). Approximately 15% to 25% of people with PD report having a relative with PD (185). Scientists are studying gene mutations that affect dopamine cell function, but no definitive result has been obtained yet (223). Being exposed to environmental toxins such as manganese, carbon monoxide, and certain peptides may increase the risk of developing PD (114). 
Common Medications Given to Individuals With Parkinson’s Disease
There are currently no medications to slow or stop the progression of PD, but there are many medications used to treat the associated symptoms. Most PD symptoms are due to a lack of dopamine; therefore, increasing dopamine can help a person to experience more natural body movements and less stiffness (232). 
The most commonly prescribed medication used in the treatment of PD is levodopa (22), which is altered by brain enzymes to produce dopamine; this in turn minimizes the slowness, stiffness, and tremor commonly seen in PD. Common side effects of levodopa include nausea and loss of appetite as well as light-headedness, confusion, hallucinations, and reduced blood pressure (78, 249). These side effects could potentially limit exercise capacity and efficiency or place the individual at increased risk of injury. Levodopa was first used 30 years ago, and since then another class of drugs, dopamine agonists, has been developed. The different dopamine agonists vary in chemical structure, duration of action, and side effects but may also reduce the capacity for exercise training and balance. 
In addition to levodopa and dopamine agonists, other medications are available to improve body coordination that work by mechanisms other than via dopamine receptors. These medications are classified as anticholinergic, monoamine oxidase B (MAO-B) inhibitors, catechol-O-methyl transferase (COMT) inhibitors, and others, each of which has several brand names (98, 265). 
Anticholinergic medications are used to reduce spasm activity in persons with PD but carry increased risk of blurred vision, drowsiness, and confusion with limitations in memory (207, 230). The COMT inhibitors are used to prolong the duration of activity of levodopa (103). Common side effects of COMT inhibitors include drowsiness and dyskinesia (involuntary muscle movements) (6). Medications table 8.2 near the end of the chapter provides an outline of the side effects of each of these drug classes and the limitations (e.g., reduced exercise capacity and balance) that these medications may place on the capacity of the person to engage in regular training sessions. 
If medications are not successful in treating the symptoms of PD, the individual may be a candidate for brain surgery (253). A deep brain stimulator is implanted into the brain with the goal of minimizing symptoms. 
Effects of Exercise in Individuals With Parkinson’s Disease
It was previously thought that people with PD should not participate in resistance training programs for fear of increasing rigidity (206); however, studies have found that resistance training in individuals with PD improves numerous outcome measures. Resistance training has been shown to increase muscle strength, mobility and walking capacity, muscular endurance, balance, and fat-free mass in people with PD (21). 
People with PD have been shown to experience strength gains similar to those in age-matched peers without PD following an eight-week resistance training program, in which participants trained the lower body two times per week (210). In addition to documenting increased strength, this study also found that people with PD increased their stride length, walking velocity, and postural angles following resistance training. 
Another research group examined the effects of two different training interventions on balance outcome measures in individuals with PD (89). In this study, subjects with PD were assigned to either a balance training intervention or a program with balance training and high-intensity resistance training. Both groups trained three times per week for 10 weeks. Both training groups increased their performance during a balance test, but this increase was more profound in the group that included resistance training. In addition, both groups improved their strength; however, the strength gains were much higher in the combined group. 
Dibble and colleagues (53) examined the safety and feasibility of high-force eccentric resistance training for individuals with PD. Participants engaged in 12 weeks of eccentric ergometer training three times per week. It was found that creatine kinase levels did not exceed the threshold for muscle damage, subjective reports of muscle soreness were low, participants were compliant, and total work and isometric force increased over time. In another study, the same research group contrasted the effects of a 12-week eccentric resistance training ergometer intervention with an evidence-based exercise program (52). Both groups trained three days per week for 10 weeks. The eccentric training group displayed significantly greater improvements in all outcome measures including gait speed, timed up and go, quality of life measures, and muscle force. 
In 2007, Hass and colleagues not only added to the body of literature with evidence for the efficacy of resistance training in individuals with PD but also demonstrated the efficacy of creatine monohydrate in people with PD (82). Subjects were assigned to either a creatine or a placebo group; all subjects in the study participated in two sessions per week of resistance training for 12 weeks. Muscle endurance and fat-free mass increased in both groups; both groups improved their one repetition maximum (1RM) strength (more in the creatine group), and the creatine group also significantly improved the three-repetition sit-to-stand time. 
The effects of a moderate-volume, high-load resistance training program in individuals with PD have also been examined. In one study, subjects with PD were assigned to either a standard care group or a resistance training group that underwent eight weeks of lower extremity exercise two days per week. The training group increased leg press strength more than the control group after the eight-week training period (213). 
Exercise Recommendations for Clients With Parkinson’s Disease
Persons with PD may benefit from participation in appropriate programs of exercise. However, the research on the application of exercise training in persons with PD has not established specific recommendations for this group. Therefore, recommendations for exercise with PD are typically based on the general recommendations for older adults. Program design guidelines for clients with PD are summarized in table 8.2. Resistance training may be performed initially with one set each of several exercise movements, emphasizing multijoint exercises. Training should begin with light to moderate resistance levels of 40% to 80% 1RM for 10 to 12 repetitions per set. Frequency of training may begin with one or two sessions per week and increase to three or four weekly sessions as tolerated. 




In addition to a sound aerobic and resistance training program, these clients will likely benefit from balance training. Clients with PD have a difficult time moving their center of mass outside their base of support, and also have poor reaction times, which can result in falls. They should be instructed in basic reaching and balance activities; however, it may not be appropriate to exercise on unstable surfaces (foam, BOSU, BAPs board, and so on). 
Clients with PD also tend to become rigid and develop contractures over time. These clients can benefit from stretching, flexibility, and mobility programs for all major muscle groups and joints. Specifically, clients with PD tend to develop a kyphotic posture, so more time should be spent on stretching their anterior trunk muscles (abdominal muscles) rather than performing trunk flexion exercises like crunches. 
Exercise Modifications, Precautions, and Contraindications for Clients With Parkinson’s Disease
Safety is the most important consideration when working with a person with PD. As previously mentioned, these clients experience changes in their movement patterns, such as a slower walking speed, decreased ability to pick up their feet, decreased speed of movement, and poor balance. These clients find it difficult adapting to a dynamic environment; therefore, the exercise professional should take care to train at times when the facility is not too busy or provide a quiet room to exercise in. In addition, the floor should be clear of anything the client could trip over (exercise equipment, area rugs, cords, and so on). 
Depending on the person, the client may be a candidate to participate in group classes or may need closer supervision. The exercise professional should be near the client at all times in case of a loss of balance. Also, because of tremor and poor coordination, upright or free weight exercise might not be safe in this population. These clients should not use a treadmill and instead can benefit from walking over ground or using a stationary bicycle with foot straps. Along the same lines, these clients should typically use resistance training machines rather than free weights. 
In addition to safety, clients with PD should ask their physician when is the best time to exercise given their medication schedule. There is a window after taking medication during which symptoms are most controlled, and this would likely be the best time for a client to exercise. Clients should also be reminded that it is very important not to skip taking their medications unless instructed to do so by their physician. 
The exercise professional must be cognizant that heart rate, blood pressure, and thermoregulation might have to be monitored more closely in clients with PD due to autonomic nervous system dysfunction (269). These clients are at risk for orthostatic hypotension and should be reminded to avoid the Valsalva maneuver. Finally, they are more susceptible to fatigue and should be instructed to work at submaximal levels. 
Parkinson’s Disease

Case Study

Mr. B is a 72-year-old man who was diagnosed with PD by a neurologist one year before joining the fitness center. He has a mild resting tremor and a decrease in walking speed; he fell one time at home last year but was not injured. Mr. B completed two months of physical therapy after the fall but had not been exercising since being discharged from physical therapy. When he joined the fitness center, he reported that he was too nervous to exercise alone and would like to work with an exercise professional three times per week; he reported that he could afford 30-minute sessions. After meeting Mr. B for a consultation, the exercise professional learned that he would like to become active again and is afraid of falling. 

The neurologist cleared Mr. B for exercise but did not give any specific instructions or precautions. Mr. B was taking levodopa, his BMI was 27, and his blood pressure was 123/75 mmHg. He had no other significant past medical or surgical history or cardiovascular contraindications to exercise. 

Mr. B’s exercise sessions consisted of recumbent cycling, supervised overground walking, strength training using machines, balance training, and flexibility training. Mr. B began his first sessions with cycling to warm up. As he became more confident, he began arriving to his appointments early and performing his cycling before his sessions with the exercise professional. After Mr. B felt comfortable cycling on his own, he spent the beginning of his sessions walking while supervised. During walking he was coached to stand upright, swing his arms, and take long steps. The coach stayed close to Mr. B during this activity in the event of loss of balance. 

After the cardiovascular warm-up, Mr. B performed resistance training for all major muscle groups. He used the following machines most often: leg press, leg curl, leg extension, chest press, shoulder press, seated row, triceps extension, and biceps curl. Exercises were performed for three sets of 10 repetitions with a 45-second break in between sets. 

After resistance training, Mr. B was instructed in double- and single-leg balance activities on even surfaces. All sessions concluded with flexibility activities focusing on all major muscles with an emphasis on trunk extension and knee extension. 

After three months, Mr. B feels more confident in the weight room and trains on Saturdays without his coach. He reports no longer being fearful of falling at home and feels more satisfied with his life. He has increased his strength, cardiovascular endurance, balance, flexibility, and posture. 
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Muscular Dystrophy 

Muscular dystrophy (MD) is a group of progressive muscular disorders characterized by damage to the muscle’s structure and progressive muscle weakness. Some authorities argue that there are more than 30 types of MD, but most agree that there are 9 primary types. The two most common types are Duchenne (DMD) and Becker (BMD) (68). In both DMD and BMD, there is a dysfunction with the muscle protein dystrophin (174). Dystrophin is responsible for keeping the muscle cells intact. Individuals with DMD have a complete lack of dystrophin, while those with BMD have dystrophin but it only partially functions properly. Both DMD and BMD are X-linked recessive disorders, which means that they must be inherited from a mother who is a carrier of the disease. The two types affect boys almost exclusively (150); the rate of inheriting DMD and BMD is 1 in 3,500 and 1 in 20,000 per live male births, respectively (157). 
Pathology and Pathophysiology of Muscular Dystrophy
The first signs of DMD or BMD include muscle weakness and clumsiness (41). In DMD, these signs are first seen in boys between the ages of 1 and 4 years (23). A parent or teacher may notice that the boy is not keeping up with his male peers, for example in running, jumping, stair climbing, and even rising from the floor. These boys often develop a modified strategy using their arms to get up from the floor, called Gowers’ sign (31). They may also develop large calf muscles, called pseudohypertrophy, not because the muscle is really enlarged but rather because it has been replaced with scar tissue (146). These children may also have poor balance and walk with a wider than normal stance. The first muscles that are affected are muscles of the hip, pelvis, thigh, and shoulder; later, the muscles of the arms, legs, and trunk are also involved, including the muscles of the heart and lungs (146). The signs and symptoms seen in BMD are similar to those in DMD but develop later in life, between ages 5 and 10, and progress more slowly (109). Individuals with BMD also experience muscle cramps (234). Boys with DMD and BMD eventually need to use wheelchairs for locomotion. They also tend to have lower than average IQs, cognitive impairments, and learning disabilities (267). Boys with DMD used to survive only into their teens due to complications with the heart and respiratory muscles, but with advances in medical care are now living into their 30s; boys with BMD survive into mid or late adulthood (128, 188). 
The most common adult form of MD is myotonic (MMD)
(99). Myotonic MD affects women and men equally, is inherited, occurs in 1 in 8,000 live births, and is usually seen in people between 20 and 30 years old (162). There are two types of MMD, type 1 and type 2, named for two different gene abnormalities (243). Individuals with MMD are unable to relax their muscles and have the highest rate of mental retardation; their disease progresses slowly (190). People with MMD also have contractures, breathing and swallowing problems, cataracts, heart problems, and insulin resistance (217). 
The six other types of MD are congenital, Emery-Dreifuss, facioscapulohumeral, limb-girdle, distal, and oculopharyngeal (57). In order to diagnose MD, a neurologist first performs a physical examination looking for muscle weakness. The physician also tests the blood for elevated levels of the enzyme creatine kinase, performs genetic testing of the DNA, and performs a muscle biopsy (158). 
Common Medications Given to Individuals With Muscular Dystrophy
Currently, no pharmaceutical approaches have been shown to be effective in reversing MD. However, corticosteroids, specifically prednisone, are commonly prescribed to people with MD in order to minimize symptoms and slow disease progression. These medications (e.g., prednisone and methylprednisolone) have the potential side effects of high glucose levels, depression, and anxiety, which may limit the capacity of some persons with MD to participate in regular exercise training. 
Also, individuals with MD tend to develop heart conditions; therefore, they may be taking some type of heart medication depending on their symptoms and pathology. Common heart medications include various ACE (angiotensin-converting enzyme) inhibitors and β-blockers, which may reduce the ability of the individual to participate in exercise training due to reductions in circulation that lead to side effects such as dizziness, low blood pressure, drowsiness, and weakness. See medications table 8.3 near the end of the chapter for a summary of medications used in the treatment of MD. 
Effects of Exercise in Individuals With Muscular Dystrophy
Overall, little controlled research has examined the efficacy of exercise in people with MD; most published works regarding exercise recommendations are expert opinions or case studies or are based on rodent models (139, 147). The use of exercise in persons with MD is somewhat controversial (77), but most experts recommend that those with DMD and BMD not perform traditional resistance training (221). 
In 2012, Alemdaroglu and colleagues examined the acute hemodynamic responses and fatigue levels in relation to three different types of exercise in ambulatory boys with DMD (2). The three exercise interventions were 3-minute stair climbing; 40-minute cycling; and 40 minutes of combined stretching, strengthening, and aerobic activity. Heart rate increased significantly after stair climbing and combined exercise, but not with cycling. All three exercise interventions increased fatigue directly following activity, but did not negatively affect activities of daily living within the day following the intervention. There was an acute decrease in strength following cycling and an increase in strength following stair climbing, no change in acute strength following the combined intervention. Time to rise from the floor increased following the cycling and the combined intervention. Overall this study demonstrated that prolonged cycling may acutely fatigue the quadriceps muscles, which will negatively affect strength; 3 minutes of stair climbing may warm up the lower extremity muscles for future strength tasks; and combined strengthening, stretching, and aerobic activities with rest breaks may be best for those with DMD. 
In 1979, DeLateur and Giaconi examined the effects of submaximal isokinetic quadriceps training in four boys with DMD. The boys strengthened only one leg for four or five days per week for six months. Over the course of training and two years following the intervention, the strength-trained leg was able to produce more force than the untrained leg until the disease progressed to the point at which the boys were not able to exert enough force to extend their knees. No adverse effects of the intervention were reported; however, all the boys eventually lost their strength as the disease progressed. 
Sveen and colleagues (233) examined the effects of aerobic training in men with BMD compared to men without BMD. All subjects cycled for 30 minutes at 65% of their O2max for a total of 50 times over a 12-week period. Those with BMD improved their O2max more than the control group; cyclists with BMD also improved the strength of their quadriceps muscles. Individuals with BMD did not exhibit increased plasma creatine kinase levels or display any other adverse effects. This study suggests that cycling at a submaximal work level is safe and effective for those with BMD. 
Tollback and colleagues (237) examined the effects of a high-intensity resistance training program in adults with MMD. The program included three sets of 10 repetitions of knee extensions with one leg at 80% of 1RM, performed three times per week for 12 weeks; the other leg served as the control. After the 12-week intervention, 1RM strength was significantly greater in the trained leg, and no adverse effects were noted. This investigation provides some evidence of the safety and efficacy of high-intensity resistance training in adults with MMD. 
Exercise Recommendations for Clients With Muscular Dystrophy
Children with MD will most likely be receiving some type of physical therapy or exercise intervention at school, in their homes, or at an outpatient center. Exercise professionals should be aware of the activities that a child with MD is already involved in and his weekly schedule. These clients are susceptible to fatigue and increased muscle damage, so if they are already exercising elsewhere or have a busy weekly schedule, they may not qualify for an additional exercise intervention. 
Program design guidelines for clients with MD are summarized in table 8.3. Clients who are not exercising elsewhere can benefit from a light exercise program including submaximal aerobic activity and flexibility training. The light aerobic activity can be performed either in a warm-water pool, on a stationary recumbent bicycle, or on an arm–leg ergometer. Aerobic training should be performed initially with one weekly session of 15 to 20 minutes in duration. Over time, training duration may be increased slowly to 30 minutes per session and volume to two or three training sessions per week (160). In addition, these clients can benefit from a light stretching program of all major muscle groups, especially their calf muscles. 




The benefits of resistance training in persons with MD have been demonstrated in a number of scientific investigations (2, 49). However, other researchers have expressed concerns regarding resistance training (particularly eccentric muscle actions) potentially exacerbating progression of the MD processes (137). Therefore, at this time it is recommended that participation of persons with MD in resistance training be limited to light-intensity training using isokinetic or pneumatic training equipment that provides concentric resistance without eccentric stresses. Resistance training should be initiated with one set of several multijoint movements, with low levels of concentric resistance performed one time weekly. Resistance levels and training volume may be increased very slowly as tolerated. 
Exercise Modifications, Precautions, and Contraindications for Clients With Muscular Dystrophy
Clients with MD are very susceptible to muscle damage and fatigue; therefore, they should never be encouraged to exercise maximally. The exercise professional should also listen to clients’ subjective reports of fatigue or pain and stop the activity at their request. All stretches should be performed slowly and held for at least 60 seconds. In addition, clients with MD should not perform eccentric resistance training. Their daily activities are already causing some muscle damage (77, 136, 137), and it is important not to increase the rate of damage. Because each case is so individual, a case study is not included for this condition. 
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Cerebral Palsy 

Cerebral palsy (CP) is a group of nonprogressive, permanent neurological disorders that are caused by a variety of birth injuries. These disorders affect the CNS and are primarily characterized by limitations in motor control affecting body movement and posture. While the disorder of CP is considered “static,” as the condition is expected to remain relatively stable throughout life, the symptoms due to the disorder may alter over time, either improving or worsening. States of hypertonia (excessive muscle tone) and spasticity (excessive muscle tone with increased tendon reflexes) are exhibited in almost half of the cases of CP (13, 50). Motor deficits commonly displayed by persons with CP include a lack of motor coordination with volitional movements (ataxia); tight muscles; exaggerated reflexes (spasticity); and a number of gait abnormalities including crouched gait, scissoring gait, and walking on the toes (64, 241). The motor effects of CP range from slight clumsiness to impairments that prevent almost all coordinated movements (88). Individuals with CP also exhibit a number of complications aside from motor control, which may include epilepsy, communication disorders, and impaired cognition (74). 
Pathology of Cerebral Palsy
There are several forms of CP, including spastic, ataxic, and athetoid–dyskinetic variations. Spastic CP is the most common form, occurring in about 75% of all cases (252a). A hypertonic state is evident with spastic CP, as this form develops from damage that interferes with the uptake of GABA (gamma-aminobutyric acid), the primary inhibitory neurotransmitter (107). Limitations in GABA uptake interfere with “normal” control of neural excitability and muscle tone. Depending on the extremities affected, spastic CP may present in conditions of spastic hemiplegia, spastic diplegia, or spastic tetraplegia (198). Spastic hemiplegia affects one side of the body, with damage to one side of the brain resulting in deficits in the opposite side of the body. These persons are generally ambulatory but often require assistive devices (e.g., ankle–foot orthoses) to assist gait on the affected side (154). Persons with spastic diplegia present deficits in the lower extremities with little or no upper extremity spasticity (66). These individuals are usually fully ambulatory but exhibit a scissoring gait pattern with some degree of flexed knees and hip during gait. Spastic tetraplegia affects all four extremities, thereby being the most restrictive to independent gait due to excessive muscle tone and tremors that interfere with energy-efficient movements (25). 
The second primary type of CP is ataxic CP. This variation is caused by damage to the cerebellum and is less common (less than 10% of all CP cases) (183). Individuals with ataxic CP tend to display limitations in movement coordination with decreased muscle tone. Functional deficits may include problems with writing or typing or upright balance, particularly during gait. 
The third and final form of CP is athetoid or dyskinetic, which occurs in about 25% of all cases (177). Athetoid CP is characterized by mixed muscle tone, which limits the ability to hold upright sitting or walking postures (201). This CP condition also may limit the ability to hold and control items such as pencils. 
Pathophysiology of Cerebral Palsy
Cerebral palsy is caused by complications during early development of the brain. These complications may arise during pregnancy, during childbirth, or during infancy and up to three years of life (169). During pregnancy, a number of factors can influence neurological development of the fetus leading to development of congenital CP. First, infections, including rubella (German measles) and toxoplasmosis (caused by a parasite carried in cat feces and undercooked meat), may damage the developing nervous systems (212). Secondly, congenital CP can be caused by jaundice in the fetus or newborn as a result of Rhesus (Rh) factor incompatibility between the mother and fetus that destroys the blood cells of the fetus (18). However, in the majority of cases, it is not possible to determine the specific cause of congenital CP (1). 
During the process of childbirth, a number of events may also occur that result in a state of CP. The very process of birthing involves a degree of physical and metabolic stresses that may in some cases result in physical damage to the still-developing nervous systems (175). In particular, oxygen deprivation and head trauma during the labor process have been associated with increased incidence of permanent brain damage and CP (62). While brain damage from lack of oxygen in the developed CNS is generally limited to the cerebral cortex, anoxic injury in the developing brain may likely affect development of the entire cerebrum and result in loss of gray and white matter (3). 
Common Medications Given to Individuals With Cerebral Palsy
Persons with CP are generally prescribed medications for treatment of the secondary complications associated with the disease. As seizures or the tendency for seizures is apparent in approximately 60% of persons with CP (268), antiseizure medications are commonly used (118). A depressant effect on the CNS is produced with most antiseizure drugs, which may have a limiting effect on exercise capacity as well as producing states of mental confusion, irritability, or dizziness (78). Antispasmodics and muscle relaxers are also commonly prescribed to persons with CP as they reduce muscle tone, which may otherwise interfere with efficient performance of daily activities (263). However, these medications may increase a sense of lethargy and drowsiness, thereby introducing a limiting effect of these drugs on the performance of daily activities, including the capacity for exercise training. See medications table 8.4 near the end of the chapter for a summary of medications used in the treatment of CP. 
Effects of Exercise in Individuals With Cerebral Palsy
The need for exercise in persons with CP was demonstrated by the early work of Lundberg (131), in which the exercise capacity and aerobic power of children with spastic diplegia were compared with findings in peers without physical disability. Results indicated that the children with CP displayed physical work capacity less than half that of their age-matched peers. Peak values of O2, heart rate, ventilation rate, and blood lactate concentrations were also significantly lower. Fernandez (63) examined the effects of an eight-week training program with two exercise sessions weekly, consisting of 30 minutes of training with an arm and leg cycle ergometer at work intensities of 40% to 70% of O2peak (peak oxygen uptake). The eight-week training program produced significant enhancement of O2peak (12%). However, the authors also noted that only one of the seven study participants continued with the exercise activities after the formal research program finished. The authors concluded that while the population of persons with CP presents very poor fitness levels and that their study demonstrated the ability to significantly enhance fitness, participation in such programming appears to be limited by a number of barriers, including availability of resources, transportation, cost, and medical concerns. 
The application of resistance training in persons with CP has been scientifically justified by associations between muscular strength and endurance with important functional outcomes (216, 235). There is a direct relationship between lower extremity strength (particularly of the knee extensors) and gait efficiency and gross motor capabilities (216). Similarly, upper extremity muscular strength and endurance are highly associated with both anaerobic and aerobic wheelchair propulsion (151). 
Resistance training in persons with CP produces gains in strength, muscular endurance, and power similar to those exhibited in persons without physical disability (40, 149, 153, 184, 200, 215). Furthermore, programs of resistance training have been shown to produce gains in fitness levels that are matched by enhancements in measures of functional abilities (126, 251). For example, resistance training has been shown to improve gait capabilities in ambulatory persons with CP. 
Exercise Recommendations for Clients With Cerebral Palsy
Persons with CP exhibit significantly lower levels of exercise capacity, including lower muscular strength and endurance as well as reduced O2peak values. Motor limitations also restrict gait efficiency, requiring considerably more energy uptake during ambulation than in persons who do not have disability. Strength training programs have been shown to be effective at increasing gait capabilities in persons with CP. Thus, both resistance training and upright mobility activities, such as treadmill training and walking over ground, may be used in programs designed to promote increased performance of upright activities including independent ambulation. However, it is also beneficial to include exercise activities that do not require substantial gross motor coordination in order to provide exercise conditioning effects without the limitations associated with lack of coordination. Cycling, steppers, and elliptical devices may provide a means of cardiovascular training without the limitations associated with more complicated gait tasks. 
Exercise conditioning for clients with CP should be based on the same general recommendations as set forth for the overall population. Aerobic training should begin with an intensity equivalent to 30% to <60% of O2peak or heart rate reserve for 15- to 20-minute training sessions with one to two sessions weekly. However, if the client is limited in her ability to perform continuous exercise, then the aerobic training may be divided into multiple shorter bouts of exercise, performed either in the same training session with a recovery period between bouts or in separate training sessions. 
Specific recommendations for resistance training by clients with CP are not well established. The limited amount of work in this area does not lend itself to general recommendations, as most evidence is based on children with CP and the disease process includes a diverse group of disorders with a variety of levels of functioning. Therefore, the general recommendations for adults are appropriate, with two modifications. First, the use of free weights may not be indicated for many with this disease due to limitations in static and dynamic balance. It is generally held that single-joint movements are appropriate for initial training. Secondly, resistance intensity should be established based on the individual client’s functional capacity, as many with CP display reduced exercise efficiency. Initial resistance training intensity for clients with CP may begin at a lower level than the general recommendations of 60% to 80% 1RM for 8 to 12 repetitions. In many cases, initial intensity levels of 50% to 60% 1RM are appropriate. Program design guidelines for clients with CP are summarized in table 8.4. 




Exercise Modifications, Precautions, and Contraindications for Clients With Cerebral Palsy
Persons with CP who are ambulatory may be capable of exercising with standard exercise devices such as stationary bicycles, steppers, and elliptical devices. Arm exercise devices, such as arm crank devices or recumbent steppers with arm levers, are appropriate for cardiovascular training of clients with CP who use a wheelchair for locomotion. The selection of the exercise device should be based on the program goals. If the goals are to enhance upright mobility via improved gross coordination, then less stabilized systems, such as treadmill or overground walking, may be appropriate. Programs emphasizing training volume may be more effective using more supportive equipment such as recumbent cycles. 
It may be necessary to use specialized apparatus in order for some persons with CP to effectively and safely use standard exercise equipment. For example, it may be appropriate to strap the feet onto foot pedals or the hands onto level handles in order to provide a stable supported point of contact with the equipment. Care should be taken to ensure that the limbs are capable of the range of motion dictated by the device. Movement should never be forced against a muscle under spasm. 
Key Point
Spasticity is a condition of excessive muscle tone or stiffness, with increased tendon reflexes, that may interfere with movement and may be a result of damage within the CNS. Muscles under spasm activity should never undergo forced movement against the spasm. 
Cerebral Palsy

Case Study

Gloria is a 13-year-old with CP. She is able to walk with a cane and wears bilateral ankle–foot orthoses. Gloria works with a physical therapist at school but not during the summertime. Gloria’s sister is taking gymnastics lessons at a fitness center, and Gloria’s parents would like her to work with an exercise professional while her sister is at gymnastics. Gloria’s parents signed her up for three 1-hour sessions per week for the summer. 

Gloria’s neurologist provided clearance for her to participate in the program. She has no other medical contraindications for exercise. Gloria’s sessions began with a cardiovascular warm-up on the recumbent bicycle. She required slight assistance to get on and off the bicycle safely. Next, she participated in resistance training using weighted balls, BOSU balls, and resistance bands. All major muscle groups were trained using a circuit to keep Gloria engaged. After resistance training, Gloria practiced balance while playing catch. The exercise professional would guard Gloria from falling while her father would toss her the ball. Gloria also participated in balance training using a BOSU ball. She was closely and carefully spotted by the exercise professional as she completed various standing tasks on the BOSU. All sessions ended with static stretching. 

Gloria expressed that she had a lot of fun exercising at the fitness center this summer and would like to come back next year. Her parents were very pleased with her sessions. She was able to maintain all strength and range of motion that she had previously achieved. 
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Traumatic Brain Injuries 
A traumatic brain injury (TBI) is an acquired injury to the brain that takes place when a sudden traumatic force causes damage to the brain tissue. Traumatic brain injuries can occur due to an external force striking the head or as a result of the head traumatically making contact with an object. If the trauma does not result in the skull being fractured or penetrated, then the injury is referred to as a closed head injury. Closed head injuries tend to result in damage to the brain that is relatively widespread or diffuse. Open head injuries are TBIs in which the skull is penetrated by an object, causing damage to specific regions of the brain tissue. 
Pathology of Traumatic Brain Injury
Traumatic brain injuries can be classified based on severity ranging from mild to moderate and severe (214). Brain injuries are usually graded in the emergency room based on whether the injury caused unconsciousness and if so how long unconsciousness lasted, and the individual’s verbal, motor, and eye-opening responses to stimuli (67). A physician may also order computed tomography scans or magnetic resonance imaging scans of the brain to determine the extent of the injury. 
With mild TBIs, including concussions, either a loss of consciousness did not result or the individual was unconscious for 30 minutes or less. Symptoms typically present at, or soon after, the injury but may not develop for weeks afterward. When an individual appears dazed or confused or loses consciousness, a mild TBI is diagnosed. The injury is classified as a concussion when a change in mental status is observed. 
Moderate TBIs result in loss of consciousness for more than 20 minutes but less than 6 hours. The symptoms of moderate TBIs are similar to those of mild TBIs but are more serious and last longer. The individual may be confused for a period of days to weeks. Physical, cognitive, and behavioral performance may be impaired for months and potentially for life. Severe TBIs are generally a result of dramatic head wounds, both closed head injuries and penetrating injuries to the head, resulting in unconsciousness lasting more than 6 hours. These more severe injuries result in significant damage to the brain tissue with a range of physical and behavioral outcomes involving most aspects of daily life. Outcomes of moderate to severe TBIs are determined by a number of factors including the severity of the initial insult, the nature of the functional deficits, the significance of the outcomes to the individual, and the resources available for rehabilitation. Moderate to severe TBIs commonly result in deficits in cognition, speech and language, and sensory awareness. Physical issues include the potential for muscular paralysis and spasticity that may affect the performance of many important daily tasks. A number of emotional and behavioral concerns such as increased irritation, aggression, depression, lack of motivation, or dependency may become primary issues of concern. 
Although there is a continuum for classifying the severity of brain injuries, all brain injuries are serious medical emergencies. Even concussions, which often go undiagnosed, can result in serious brain dysfunction (56). For this reason, some professional groups, such as the National Athletic Training Association (NATA), recommend not relying heavily on grading systems in the treatment of persons with TBI (27). According to the Centers for Disease Control and Prevention, in 2010 approximately 2.5 million people sustained TBIs, with concussion as the most common type (29). 
Pathophysiology of Traumatic Brain Injury
The most common causes of TBIs are falls, motor vehicle accidents, being struck by objects, and assaults (236). The effects of any brain injury depend on the cause of the injury, the location of the injury, and the severity of the injury. Injuries that result in contusions, lacerations, or intracranial hemorrhage tend to produce focal damage of the brain (115). In contrast, injuries producing intense acceleration and deceleration of the brain are associated with axonal injuries and brain swelling, resulting in more diffuse damage of the brain tissue (266). 
There are two distinct phases of TBI, each affecting brain integrity and function (110). First, the injury impact is considered as the source of primary mechanical damage to the brain. Secondary damage develops as a result of altered cranial mechanisms subsequent to the initial trauma. Ischemia of the brain and intracranial hypertension are examples of secondary insults that may significantly alter brain blood flow (hyper- or hypoperfusion), brain metabolism, and brain oxygenation. The composite of direct tissue damage and altered circulatory patterns commonly produces further damage and inflammation leading to neuronal cell death (110). 
Primary mechanical damage from TBIs can be affected by preventive means but is not appreciably responsive to therapeutic measures (104). In contrast, the secondary damage from TBI, from limited circulation or inflammation, tends to be more responsive to therapeutic treatments (7). 
Common Medications Given to Individuals With Traumatic Brain Injury
There are no medications to treat the actual brain injury; however, physicians prescribe a variety of medications to treat patients’ specific symptoms. See medications table 8.5 near the end of the chapter for a summary of medications given to individuals with TBI. Patients may be prescribed analgesics for pain management, anticoagulants to prevent blood clots, antispasticity drugs, or anticonvulsants to prevent seizures. Side effects of opioid analgesics include nausea, drowsiness, urinary retention, and orthostatic hypotension, which could in some cases limit exercise capacity (170). Anticoagulants, such as warfarin, carry a risk of increased bleeding, so some would recommend avoiding high-contact sports and activities that put the individual at high risk for injuries. Anticonvulsants, also known as antiseizure medications, have known side effects including fatigue, digestive disorder, dizziness, and blurred vision. If a patient is having psychological dysfunction, he may be prescribed anti-anxiety, antipsychotic, or antidepressant medications. A patient may also be prescribed muscle relaxants, sedatives, or stimulants. All of these medication categories have the potential to limit exercise capacity and balance. 
Effects of Exercise in Individuals With Traumatic Brain Injury
The safety of aerobic training in people with postconcussion syndrome (PCS) was demonstrated by Leddy and associates (122). The Balke treadmill test was used to effectively monitor headache symptoms in concussed persons who were asymptomatic at rest. Test results were used to determine the appropriate submaximal aerobic training zone for persons with PCS. The same research group (123) also later reported the safe and effective application of the Buffalo Concussion Treadmill Test to prescribe aerobic exercise following a concussion. 
Bhambhani and colleagues (17) demonstrated the effects of a 12-week circuit training program on cardiorespiratory responses and body composition in individuals with moderate to severe TBI. Individuals performed 1 hour of aerobic and resistance exercise three times per week. At the completion of the study, there were no differences in body composition, but the peak values of power output, oxygen uptake, and ventilation rate were all significantly greater following the aerobic and resistance training program. 
In 2009, Hassett and colleagues compared the effects of a fitness center exercise program and a home exercise program for individuals with TBI (83). Both groups performed strength and aerobic training three times per week for 12 weeks in a similar fashion, with only the location and supervision being different. After completing the program, both groups improved their 20-m shuttle time, with no difference between groups. This study demonstrates the benefits of exercise in individuals with TBI regardless of supervision. 
The effects of aerobic exercise on depression and quality of life in persons with TBIs were examined by Wise and associates (262). Subjects performed one weekly 30-minute session of aerobic exercise with an exercise professional for 10 weeks and received exercise information with instructions to perform four additional 30-minute training sessions each week without supervision. During the supervised weekly session, the participants were also provided encouragement. Following the 10-week aerobic training program, scores on the Beck Depression Inventory were significantly improved, indicating less depression. These findings are important because many people who sustain TBIs also experience alterations in mood and depression (218). 
Although many concussion programs use strength training in their return to play protocol, at this time there are no published research studies in support of or against this training. 
Exercise Recommendations for Clients With Traumatic Brain Injury
Many people who have sustained a TBI lead sedentary lifestyles and exhibit low levels of aerobic and muscular endurance, which further limit their ability to perform important activities of daily living and may subsequently lead to increased incidences of secondary disabilities such as heart disease and diabetes. Therefore, participation in well-designed exercise programs may provide a means to enhance physical fitness levels as well as abilities to engage in more challenging life activities. 
While specific recommendations for exercise training have not been established for persons who have sustained a traumatic head injury, general recommendations for the older population may be modified for this population. Aerobic training should start with a light intensity of 55% to <65% MHR for 15- to 20-minute bouts of exercise in one or two weekly sessions (155). As tolerated, exercise duration may be increased to 20 to 40 minutes per session for three or four sessions per week. Persons with brain injury may have limitations in upright stability, both seated and standing, and stationary cycling and rowing may be appropriate modes of training in such cases. 
Resistance training has been shown to provide significant benefits to persons with brain injuries. Unfortunately, specific resistance training protocols have not been developed for this population. Therefore at this time, resistance training for persons with TBI should be based on modified versions of recommended programming for the general population. Program design guidelines for clients with TBI are summarized in table 8.5. 




Exercise Modifications, Precautions, and Contraindications for Clients With Traumatic Brain Injury
Although recent evidence has demonstrated the safety and efficacy of exercise in patients with PCS and TBI, it is not recommended that exercise professionals train these clients until they receive full clearance to exercise from their physician or other health care professional. After receiving clearance, clients who sustained TBIs may participate in both resistance training and cardiovascular training. Often people who have sustained head injuries, regardless of the severity, have cognitive or processing deficits; therefore, instructions should be especially clear and possibly be given multiple times. 
These clients may also have motor impairments, and adjustments to exercise will have to be made on an individual level. For example, if a client has poor balance or coordination, she may benefit from seated machine exercises as opposed to free weight activities. Clients who have sustained TBIs may display autonomic system dysfunction and heart rate variability; therefore, heart rate is not a good measure of exercise intensity in this population. 
Traumatic Brain Injury

Case Study

Mr. G, a 35-year-old businessman, was involved in a serious motor vehicle accident two months ago. He sustained a moderate TBI and received inpatient physical therapy before moving back to live with his parents. He is unable to drive or return to work and currently uses a wheelchair. Mr. G has access to a bus, made available by the city to those with disabilities, in order to access a nearby fitness facility associated with a medical clinic. Mr. G’s neurologist has cleared him to exercise under the supervision of an exercise professional, and he is enrolled in a program of three sessions per week of 1 hour each. 

Mr. G’s neurologist has provided instructions that he should exercise only at light intensity so as to keep his heart rate and blood pressure responses to low levels; he should avoid the Valsalva maneuver and should remain seated for all exercise. Before his accident Mr. G had a BMI of 27; however, at the start of his outpatient exercise program, it was 33. He also is prediabetic and has been diagnosed with depression. He is currently taking an anticonvulsant, an antidepressant, ibuprofen, and baclofen (a medication that affects the chemical balance in the motor system of the brain) to control bodily movements. 

Mr. G started his sessions with a light-intensity warm-up on a recumbent bicycle followed by mild partner-assisted mobility exercises. He then completed 15 minutes of aerobic recumbent arm–leg ergometry at light intensity (55% to <65% MHR) followed by low-intensity static stretching for each major muscle group. Over four months Mr. G progressed to 30 minutes per session of aerobic exercise on various seated ergometers, three times per week, and one weekly session of light machine weights. Mr. G was closely supervised and spotted during all activities. 

After three months of training, Mr. G was able to walk small distances with the assistance of a roller walker and increased his ability to perform upper body activities of daily living. He decreased his body weight and increased his self-esteem. While Mr. G is not yet able to live independently, his progress toward his goals has motivated him to continue his exercise program. 
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Stroke 
A stroke is a serious vascular event involving a loss of neurological functions related to an acute interruption of blood flow to the brain. Stroke is also commonly known as a cerebrovascular accident (CVA), named for the disrupted vascular flow to brain structures. The two main variations of stroke are ischemic stroke, in which blood flow is interrupted by a physical blockage, and hemorrhagic stroke, which occurs as a result of bleeding in the brain. Approximately 80% of all strokes are ischemic and 10% to 15% are hemorrhagic in origin (161). The remaining cases of stroke are transient ischemic attacks (TIAs), which are referred to as “mini-strokes” and are a result of temporary blood clots. 
Pathology of Stroke
Interruption of blood flow prevents the necessary delivery of oxygen and vital nutrients, including glucose, to the network of brain tissues. The brain uses glucose as the primary energy source, and as glucose is not stored in the brain, the time of ischemic blockage is critical. The outcomes of stroke are also related to the location of the blockage of blood flow and to the amount of brain tissue influenced. A right-side stroke generally produces paralysis on the left side of the body, visual limitations, and memory loss (173). A stroke to the left side of the brain commonly results in paralysis of the right side of the body, limitations in speech, and memory loss (117). Paralysis, total or partial, of one side of the body as a result of a disease or injury to the CNS is referred to as hemiplegia. 
Pathophysiology of Stroke
A number of controllable and uncontrollable risk factors are associated with the development of strokes. Controllable risk factors of stroke represent life habits that can be altered in order to reduce risk. Factors that increase the risk of stroke include smoking, high blood pressure, arterial disease, diabetes, abnormal lipid profiles, inactive lifestyles, and obesity (226, 252). Reversing any of these controllable risk factors will presumably reduce the risk of developing a stroke. Some risk factors of stroke are not controllable, including age, sex, heredity, race, and history of prior stroke (113). While a stroke can occur in persons with a wide range of these factors, the risk of stroke is greater if the person is older, male, or African American or if the person or an immediate family member has a history of stroke (91, 113, 119). 
Ischemic strokes are caused by three primary mechanisms, including thrombosis, embolism, and global ischemia. Thrombotic strokes are produced by blockage of an artery by a clot (thrombus) that forms on blood vessels of the brain (246). Fatty deposits and cholesterol build up on the inner lining of blood vessels, creating an irritating influence that stimulates the formation of clots. A focal embolic stroke is caused when a blood clot that is formed somewhere in the body other than the brain, such as the heart, travels to the brain via the bloodstream (254). If the clot, known as an embolus, makes it to the brain via the bloodstream, it may block the flow of blood through an arterial structure, thus causing damage to the brain tissue supplied with blood, oxygen, and nutrients by that artery. Global ischemic stroke occurs if blood flow to the entire brain is interrupted by a systemic restriction such as myocardial infarction. Damage to brain tissue is related to the time the brain is deprived of oxygen and glucose. Global ischemic stroke can also be caused by particularly low blood pressures produced by drug overdoses and adverse reactions that limit blood flow to the brain (90, 239). 
Hemorrhagic strokes are caused by the rupture of a blood vessel due to damage to the vascular structure, such as cerebral aneurysms or chronic high blood pressure (225). Aneurysms are areas of ballooning on a blood vessel due to weakening of the vessel wall. Over time, particularly with high blood pressure, the bulging area may rupture, causing bleeding into the brain. 
Common Medications Given to Individuals Who Have Had a Stroke
Individuals who have had a stroke are prescribed medications that may assist with recovery and that may help prevent another stroke from occurring. Two types of blood thinner medications are used to lower the risk of the formation of blood clots. Antiplatelet drugs reduce the aggregation or clumping together of blood platelets (245). Blood clots are formed when blood platelets stick together. Anticoagulant medications also reduce the formation of blood clots but through different chemical actions (80). While these medications are quite effective in reducing the risk of subsequent strokes by reducing blood viscosity or “thickness,” they also increase the risk of bleeding complications (92). Some physicians may recommend that the individual on anticoagulants avoid vigorous physical activity or contact sports. Side effects of antiplatelet and anticoagulant medications include nausea and upset stomach, which may limit the ability to participate in exercise training sessions. 
Individuals who have sustained a stroke are commonly prescribed different types of medications to reduce high blood pressure, which is a primary risk factor for experiencing subsequent strokes. Hypertensive medications frequently used by stroke patients include angiotensin II receptor blockers, ACE inhibitors, β-blockers, calcium channel blockers, and diuretics, each of which exhibit different mechanisms of action for reducing high blood pressure but also may reduce the ability of the individual to engage in stressful exercise due to side effects such as dizziness, drowsiness, tiredness, and fatigue. 
Persons who are poststroke will likely also need to treat other multiple morbidities commonly associated with strokes. For example, many persons who have sustained a stroke also present with hypertension, high cholesterol, diabetes, or some combination of these (129, 255). Thus, when developing an exercise program for these individuals, it is vital to consider all comorbidities and their respective medications, side effects, and effects on exercise responses. Refer to the applicable chapters in this book for further information. See medications table 8.6 near the end of the chapter for a summary of medications given to individuals who have had a stroke. 
Effects of Exercise in Individuals Who Have Had a Stroke
Following stroke, the primary causes of death are recurrent strokes and coronary arterial disease (CAD). Additionally, between 25% and 50% of these persons require assistance in the performance of activities of daily living (179). This inability to perform basic daily tasks has been related to physiological deconditioning, preexisting cardiovascular disease, or dramatically reduced efficiency of gait and other upright activities (54, 196). Individuals with stroke hemiplegia exhibit energy uptake during walking that is two to three times greater than that of the general population walking at the same pace (101). They also exhibit peak values of oxygen uptake that are approximately 50% of those displayed by healthy persons of the same age (111, 132). These issues tend to limit activity in the lifestyles of persons following stroke, leading to further physical deconditioning, particularly of the cardiovascular system (231). 
The rehabilitation process following stroke was traditionally limited to the first six to nine months following the acute episode based on the assumption that most, if not all, motor recovery would take place within that period (19, 35). The primary rehabilitation goals include increasing activity levels, particularly with regard to activities of daily living, reducing the incidence of recurring strokes, and improving aerobic fitness. In the clinical setting, aerobic fitness has commonly been addressed with task-specific activities rather than generalized exercise conditioning. Research has indicated that structured physical conditioning programs past the nine-month window can provide continued enhancement of aerobic fitness, strength, and functional capacity (264). 
Aerobic exercise training has been shown to be capable of enhancing peak oxygen uptake and workload while reducing submaximal blood pressures with both cycle ergometry training and various forms of treadmill training. Potempa (194) reported that a 10-week program of cycle ergometry in 43 persons with hemiplegia produced enhancement of cardiovascular fitness similar in magnitude to that commonly shown in people without disability participating in similar programming. 
Treadmill training has been shown to provide similar increases in values of peak oxygen uptake during gait, with reduced energy cost at submaximal-effort walking indicating improved gait efficiency (133). Following treadmill training, persons with hemiplegic gait displayed significantly faster overground walking in a 6-minute walk test with enhanced values of peak oxygen consumption. Interestingly, Macko and associates (133) reported significant associations between treadmill training velocity and peak values of O2, while duration of treadmill training per session was significantly related to performance of the 6-minute walk test. Treadmill training therefore may provide a means of exercise training that transfers directly to gait pace and aerobic endurance. 
The treadmill also provides a means of upright gait training for persons unable to do this over ground with full bodyweight loading. With the use of handrails for weight shifting and loading support and through the use of bodyweight unloading systems (harnesses attached to overhead support), the amount of loading can be reduced. Training intensity can be increased with either greater treadmill speed or increased treadmill elevation; the latter may be useful in increasing intensity with a comfortable pace of walking. Treadmill bodyweight support systems also reduce, or eliminate completely, the need for arm support–unloading, thereby providing the ability to coordinate the upper and lower extremity reciprocal movements important to coordinated gait. 
Limitations in gait efficiency and motor coordination of many important daily tasks were traditionally attributed, to a great degree, to the state of hypertonia or spasticity common in persons following stroke (37). Because a vital goal of rehabilitation in this population is the improvement of the control and quality of movement, control of spasticity was seen as the principal issue to address. However, research has shown that spasticity is not the primary impairment following stroke; rather, muscular weakness is the principal limitation to function poststroke (180). For example, muscular weakness is significantly associated with decreased gait velocity and performance of important activities of daily living, such as bodyweight transfer during walking. 
More recent research in this area has shown that resistance training of the lower extremities does provide significant improvements of muscle strength, power, and endurance in both the affected and nonaffected limbs of persons with hemiplegia poststroke. Lee and colleagues (124) reported that 12 weeks of high-intensity resistance training resulted in improvements in muscular strength, power, and endurance, while three 30-minute cycle ergometry training sessions per week for 12 weeks produced no significant changes in muscle function. Resistance training consisted of two sets of 80% 1RM for the movements of hip extension and flexion, knee extension and flexion, and ankle plantar flexion in each of the three weekly sessions. 
The effects of an intensive training program consisting of high-intensity resistance training, body weight–supported treadmill training, aerobic exercise, and functional training were described by Jorgensen and associates (102). Resistance training movements included semi-seated leg press, leg extension, leg curl, and seated leg press, with relative training intensity increasing weekly from 12RM to 4- to 8RM levels during the 12-week program. Training was performed unilaterally for three to five sets per exercise with recovery periods of 90 seconds between sets. The findings of this study included improvements of the agonist muscle neurological activation with enhanced twitch torque, which were associated with increased muscular strength during concentric, eccentric, and static contractions with enhanced gait performance. The reduced neurological activation at baseline was highly related to muscular weakness. The hamstring muscles of the paretic limb were found to be particularly weakened at baseline, suggesting that specific attention should be given to the knee flexors with training in order to achieve greater levels of knee extension and improved gait ability. 
Exercise Recommendations for Clients Who Have Had a Stroke
The body of literature supports the use of aerobic training in persons following stroke using exercise of the legs, arms, or combined arm and leg activities. Recommended training intensity for this population is 40% to <60% of O2peak or heart rate reserve. Training frequency is recommended at three to seven days per week, with training duration ranging from 20 to 60 minutes per session. Intermittent programs of treadmill training (multiple shorter bouts per session) may prove particularly beneficial in more deconditioned clients until they are capable of completing longer sessions. 
Research also suggests that resistance training following stroke in persons with hemiparesis should be similar to programming for persons who are elderly. Recommendations for resistance training poststroke include 8 to 10 exercises performed three times weekly. Training intensity should begin with 50% to 60% 1RM and progress to 60% to 85% 1RM. In order to place appropriate stresses on the paretic limb, it is advisable to concentrate on unilateral movements. 
Most persons who have sustained a stroke also present with other special conditions or comorbidities and are likely taking medications for those conditions. For example, many, if not most, of these clients (poststroke) also have CAD and hypertension (47, 176). When designing the individualized exercise program, it is vital to consider and plan for potential compounded effects of the multiple special conditions, as well as possible interactions of the respective medications. 
It is common for persons who have sustained a stroke to have limitations in communication and mental processing. A significant number of these clients have problems with written communication (writing and reading) as well as trouble with speech and understanding verbal cues (222). It is necessary to provide these clients with multiple means of communication, including verbal cues as well as visual examples of the exercise techniques. Program design guidelines for clients who have had a stroke are summarized in table 8.6. 




Exercise Modifications, Precautions, and Contraindications for Clients Who Have Had a Stroke
A common outcome following stroke is paralysis or limitations in motor control. Paralysis generally occurs on one side of the body (i.e., the side opposite the side of the brain in which the stroke occurred). For example, damage to the right side of the brain may affect the left-side arm, left leg, or the entire left side of the body. The limitations in motor control may be accompanied by reduced or a total lack of sensation from the paralyzed region (87). Reduced visual awareness on the affected side is not uncommon, which reduces the ability of the individual to respond to changes in the environment in that field of view. 
Limitations in motor control and sensory awareness on one side of the body necessitate the inclusion of unilateral exercise movements in the exercise program. Training the affected side of the body independent of the unaffected side will ensure conditioning of the region or regions that are most compromised. The affected and unaffected sides of the body can be trained independently or with alternating bilateral movements. Exercise equipment that allows reciprocal movements of the right and left limbs provides a particularly useful means of exercise training in many persons poststroke. The reciprocating pushing–pulling upper extremity actions of the arm levers on some arm and leg cycle ergometers or recumbent steppers provide a means by which the affected limb can be guided through the exercise range of motion by the nonaffected limb. Specialized mitts and gloves can be used to increase grip of the affected hand. Similarly, recumbent cycles and steppers can be used for conditioning affected lower extremities. When using this strategy, it is important to make sure that the client’s affected limb is fully capable of moving passively through the range of exercise motion. 
Limitations in motor control and sensory awareness can also affect body stability, especially if the lower extremities and torso are affected (171). With reduced ability to self-stabilize, it is imperative to use exercise equipment that provides external stabilization. For example, recumbent cycles would be preferred over upright stationary cycling. The use of exercise machines with stable back support may prove advantageous, especially in early phases of training, compared to training with free weights without body support. That said, a goal of the exercise program may be to gradually strengthen the weakened stroke-affected muscles in order to enhance the ability to self-stabilize. The amount of external stabilization must be very gradually reduced, if possible, in order to safely progress. For example, when using a resistance training selectorized machine, the exercise sessions may start with a snug torso support (chest strap) wrapped around the client and back support, moving gradually to less snug and then loosened support, and then eventually progressing to use of the exercise station relying on the back support without a chest strap. 
Stroke

Case Study

Mr. H, 45 years old, is a former college football lineman who had a large stroke six months ago. Mr. H had both in- and outpatient physical therapy but no longer has insurance benefits. He currently cannot drive, is not able to return to work, and can walk unsteadily with a cane but refuses to use a walker. Mr. H can take the bus to the fitness center, and his wife signed him up to work with an exercise professional. She registered him for three sessions per week for 1 hour each. Mr. H agreed to the training sessions and stated that he would like to do powerlifting as he had in the past to prepare for football. 

Both Mr. H’s cardiologist and neurologist cleared him to exercise at the fitness center with supervision. They both stated that the patient should not hold his breath; they also noted that care was warranted because Mr. H had poor balance. Mr. H had a BMI of 35, hypertension, diabetes, and depression. He took the following medications: insulin, an ACE inhibitor, a β-blocker, a statin, an anticoagulant, and an antidepressant. 

Mr. H’s sessions started with a warm-up on a recumbent bicycle, recumbent arm–leg ergometry, or an upright elliptical holding on with both hands. After the warm-up, Mr. H reviewed rhythmic breathing and exhaling during resistance training before starting his strengthening program. At first, all strengthening exercises were performed with resistance machines; however, over time Mr. H was able to progress to upright activities with light free weights. He required close supervision and spotting during all activities. After resistance training, he was instructed in balance activities on even and uneven surfaces. Sessions ended with stretching activities. In view of Mr. H’s balance limitations, the initial stretching was proprioceptive neuromuscular facilitation (PNF) with instructor assistance and gradually introduced controlled passive stretching. 

After three months of training, Mr. H was able to walk without his cane more steadily. He decreased his body weight and the amount of insulin that he needed, and increased his balance and self-esteem. He is still working toward his goals of powerlifting and driving. 
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Spinal Cord Injuries 
Spinal cord injury (SCI) is an injury or disease process of the spinal cord that results in altered motor, sensory, or autonomic functioning (or some combination of these). Injuries to the spinal cord can limit motor ability and sensation to differing degrees depending on the location and severity of damage to the cord. The spinal cord is the primary conduit for all neural communication between the brain and most of the rest of the body (except the optic nerve). In general, the higher the level of SCI in the vertebral column, the more widespread the damage, as such injuries commonly affect all tissues with more distal nerve roots (238). Injuries of the cervical region affect the upper and lower extremities as well as the trunk, producing a state of tetraplegia (in the past referred to as quadriplegia). Persons with paraplegia have sustained a spinal injury at the thoracic or lumbar vertebral levels, causing impairment in the lower extremities and some portion of the trunk. While these two terms are useful, more specific terminology provides increased accuracy of communication regarding specific neurological capabilities. 
The number of persons in the United States living with SCI was estimated by the National Spinal Cord Injury Statistical Center in 2012 (168) to be between 236,000 and 327,000 individuals. According to statistics generated by data from regional SCI centers, approximately 80.6% of persons with SCI were male, with the highest rates of SCI between the ages of 16 and 30 years. The average age at SCI was 41 years. About 57% of persons with SCI were considered paraplegic (21.6% complete, 21.4% incomplete), with 43% of new injuries classified as tetraplegia (40.8% incomplete, 15.8% complete). 
Pathology of Spinal Cord Injuries
Spinal cord injuries are commonly described using a system denoting both the functional level of the spinal lesion and the relative degree of functional deficit, referred to as “completeness” (148). First, the level of SCI indicates the last descending nerve root associated with exhibited full function of movement and sensation. If a SCI results in total loss of volitional movement (paralysis) and total loss of sensory functions, then the injury is deemed “complete,” while “incomplete” SCIs are those in which there is some preservation of sensory or motor function below the spinal lesion. Thus, a person characterized as having motor-complete tetraplegia at the C5 level is expected to show strong elbow flexors without volitional control of wrist extensors or elbow extensors or any muscles of legs or torso. 
Accurate assessment of the motor and sensory functioning following SCI is typically performed within the clinical setting by a physician or more likely a physical therapist. The exercise professional should not attempt to determine the level of SCI himself, but rather work with the clinician’s assessment. Certainly, documentation of the clinical motor-sensory–based classification of the SCI provides a vital perspective on which all subsequent goals and programming should be based. The level of SCI inherently refers to the specific musculature and the associated movements that are significantly affected, thereby influencing total and regional work capacity, incidence of joint imbalances and instabilities, and the ability to proximally stabilize. Autonomic dysfunctions in tissues below full CNS control include altered circulatory patterns, central hemodynamic functioning, and thermoregulatory responses, all of which should be considered when one is developing exercise programming for persons with SCI. A state of autonomic dysreflexia, a serious potentially life-threatening condition, may be exhibited by persons with SCI (220). 
Autonomic dysreflexia develops when noxious stimuli applied below the point of spinal lesion at the T4 level or above produce quite intense increases of heart rate and blood pressure. Thus, clinical determination of SCI level provides a needed component for the activities of the exercise professional. 
Pathophysiology of Spinal Cord Injuries
The spinal cord is a large complicated bundle of nerves that carries neural impulses between the brain and the rest of the body. The cord itself is surrounded by a series of bony rings, the vertebrae, which make up the spinal column. This arrangement allows considerable protection of the spinal cord while also allowing a good amount of motion as a function of the summation of movement between multiple vertebral spaces. However, traumatic injuries and disease processes can introduce mechanical stresses that produce damaging effects on the spinal cord, whether or not there is vertebral body injury. The cord can be partially or completely cut (transected) or can be contused (bruised) by trauma. Secondary damage of the spinal cord may also result from edema, or swelling, which restricts circulatory flow into the region. 
The most common cause of SCI is motor vehicle related (39%), followed by falls (28%) and acts of violence (15%) (168). Approximately 8% of SCI are attributed to sport activities. Acts of violence, now the third highest cause of SCI nationally, are the primary source of SCI in several major urban cities. 
Common Medications Given to Individuals With Spinal Cord Injury
No pharmaceutical treatment has been shown to be effective in the reversal of the damage from a SCI. However, medications are commonly prescribed for the negative symptoms, such as both orthopedic and neurogenic pain, spasticity, bladder control, and depression. See medications table 8.7 near the end of the chapter for a summary of medications given to individuals with SCI. Nonsteroidal anti-inflammatory drugs (NSAIDs) are commonly prescribed for joint pain associated with overuse from manual wheelchair locomotion and other activities of daily living performed with the upper extremities. Persons with SCI also experience neurogenic pain, which is usually treated with medications such as tricyclic drugs and selective serotonin and norepinephrine reuptake inhibitors. These medications are known to frequently produce side effects including nausea, drowsiness, sedation, light-headedness, dizziness, and muscle weakness, which may significantly reduce the ability of the individual to exercise vigorously or to maintain balance. 
Individuals with SCI may also be prescribed medications for bladder control and depression, as well as for autonomic dysreflexia. Bladder control medications such as Ditropan may produce states of dizziness, drowsiness, and weakness, which would presumably limit the capability to exercise intensely. Depression medications such as Prozac, Zoloft, and Wellbutrin may also make the client dizzy, drowsy, fatigued, or nauseous and should be viewed as potentially negatively affecting exercise performance. Persons with SCI may exhibit the serious life-threatening condition of autonomic dysreflexia, in which intense increases of heart rate and blood pressure are produced. The individual may be prescribed medications such as sublingual Nitrostat or Catapres, which reduce hemodynamic stresses. In the case of autonomic dysreflexia, the remainder of the exercise session should be immediately cancelled and immediate medical support should be acquired. 
Effects of Exercise in Individuals With Spinal Cord Injury
It is well established that persons with SCI can engage in purposeful exercise activities using the intact musculature above the point of spinal lesion (69, 95). However, several factors tend to limit the physiological responses to volitional upper extremity exercise with SCI, thereby reducing peak exercise capacity (95). First, depending on the level of SCI, less active muscle mass is available to contribute to the force generation and stabilization involved in exercise. Secondly, ascending levels of SCI are also associated with greater levels of autonomic dysfunctions, thereby limiting exercise capacity due to reduced hemodynamic responses to upper extremity exercise. 
There is also a well-established association between the level of SCI and the upper extremity work capacity as determined with O2peak. This association between level and severity of SCI with exercise capacity is the basis for the classification used in Paralympic sport competition (120). Persons with complete SCI above the T4 level are devoid of sympathetic cardio-acceleration processes, with elevation of HR limited to withdrawal of parasympathetic influences, thereby limiting HRpeak to approximately 120 to 125 beats/min (81, 247). Thus, persons with cervical-level SCI (tetraplegia) exhibit dramatically reduced work capacity due to restrictions in available active musculature, as well as reduced cardiac output, thereby limiting delivery of oxygen and nutrients to the exercising muscles. Persons with SCI below the T6 level generally do exhibit sympathetic drive and HRpeak similar to persons without physical disability (134). However, people with paraplegia also display decreased venous return from the paralyzed lower limbs, limited cardiac end-diastolic volumes, and reduced levels of stroke volume (209). Even with a compensatory elevation of HR, persons with SCI paraplegia exhibit a state of circulatory hypokinesis in which a reduced cardiac output is seen for a given level of oxygen uptake (O2), thus requiring a greater degree of oxygen extraction at any given level of cardiac output, leading to earlier local muscle fatigue (94). 
It may seem intuitive that resistance training would prove beneficial for the persons with SCI due to the increased reliance on upper extremity work efforts. Wheelchair locomotion, transfers, and weight shifts are necessary activities in the lives of this population, thereby establishing a need for the generation of high forces in the upper body in order to carry out basic activities of daily living. Over 40 years ago, Nilsson and associates (172) reported significantly elevated O2 with increased triceps strength in a group of persons with SCI paraplegia following a seven-week conditioning program. More recently, Davis (44) examined the effects of an arm cranking intensity of 70% O2peak for 20-minute training sessions as contrasted with 40-minute sessions at 40% O2peak. Strength gains were limited to the moderate-intensity condition and to the shoulder extensors and elbow flexor muscles, indicating that arm cranking is not an appropriate mode of training for functional strength as the gains were not reflected in the muscles most commonly used in activities of daily living. 
Circuit resistance training (CRT) was examined in persons with paraplegia in a program of high-intensity resistance exercises performed in agonist–antagonist pairs (e.g., shoulder press, lat pulldown) alternated with periods of high-paced, low-intensity arm cranking (96). Three circuits of CRT, each circuit consisting of three pairs of resistance exercises (1 minute each) and three 2-minute bouts of arm cranking, were performed three times weekly over a 16-week training period. Circuit resistance training produced significant enhancement of muscular strength (13-40%) and O2peak (29%) with improvements in lipid profiles. 
The specific effects of resistance training and aerobic endurance training in persons with paraplegia have been compared. Jacobs and associates (93) assigned matched pairs of persons with paraplegia to either aerobic endurance training or resistance training for three weekly sessions over a 12-week period. The aerobic endurance training program consisted of 30 minutes of arm cranking at 70% to 85% of HRpeak. The resistance training group performed three sets of 10 repetitions at six exercise stations with intensity ranging from 60% to 70% of 1RM. The aerobic endurance training group displayed 11.8% gain of O2peak
with no significant changes observed in muscular strength or power. Conversely, muscular strength and power significantly increased in the resistance training group for all exercise maneuvers, with O2peak increasing 15.8%. The results of this investigation indicate that resistance training is a means of training for persons with SCI that provides significant enhancement of cardiorespiratory functioning as well as significant increases in muscular strength and power. 
Exercise Recommendations for Clients With Spinal Cord Injury
The general exercise recommendations for persons with SCI do not vary dramatically from those established for the general population in terms of training intensity, duration, frequency, or specificity. Exercise programming recommendations for persons with SCI should be in accordance with those set forth by the U.S. Department of Health and Human Services (244): 150 minutes a week of aerobic training at a moderate intensity or 75 minutes a week at a combination of moderate and vigorous intensity. Initial sessions, though, should be at a light to moderate intensity (30% to <60% O2 or heart rate reserve) for 15 to 20 minutes. Intensity and duration should be increased gradually, with duration increasing to 30-minute sessions for two or three weekly sessions. Resistance training should be performed with all major muscle groups available on two or more days per week, initially with light intensity (40-60% 1RM). Resistance training intensity may be increased progressively to 60% to 85% 1RM. 
Persons with SCI are limited to exercise of the muscle groups under volitional control, usually the muscle groups innervated by nerve roots above the point of spinal lesion. Aerobic training is commonly limited to arm cranking exercise or wheelchair propulsion activities. Resistance training is best performed using well-stabilized weight training machines. Specialized weight machines have been developed for exercise from the wheelchair, which is the preferential mode for this population. The alternative, transferring the client to and from general resistance training equipment, carries a substantial risk to both the client and the exercise professional and should be performed only with additional specialized training on the transfer process. Resistance training can also be undertaken in the wheelchair using handheld weights and with resistance bands and tubing. Program design guidelines for clients with SCI are summarized in table 8.7. 




Exercise Modifications, Precautions, and Contraindications for Clients With Spinal Cord Injury
Conditioning of persons with SCI requires revisions in the training environment in order to provide a safe and efficacious training setting. Spinal cord injuries alter functioning of several major body systems, requiring modifications of the exercise movements and strategies from those appropriate for the general population. 
The most notable characteristic of a motor-complete SCI is the total lack of volitional control of muscles below the point of the spinal injury (i.e., muscular paralysis). Exercise conditioning of persons with SCI is generally limited to those muscle groups innervated by nerve roots arising above the injury point. Persons with paraplegia are capable of exercising with the arms and much of the torso (depending on injury level), while persons with tetraplegia are limited to muscular actions within the upper extremities (see figure 8.1). Thus, exercise capacity is dramatically lower in clients with SCI compared to the general public and is related to the level and completeness of injury. 



Figure 8.1  Vertebral ranges for tetraplegia and paraplegia. 

With a reduced amount of muscle mass under volitional control and available for exercise training, it might seem appropriate to increase the volume of work applied to those muscle groups available. However, this is not appropriate and would eventually result in overtraining and increased risk of injuries. Similarly, it would be prudent to concentrate the most intense exercise efforts on those muscle groups used by people in wheelchairs during daily life activities, including wheelchair propulsion, wheelchair transfers, and weight shifts. It is vital to consider that those movements can be relatively intense and are performed repetitively on a daily basis, because emphasizing the major muscle groups that contribute to those movements (anterior deltoid, pectorals, triceps) with substantial training volume and intensity could introduce serious overuse syndromes with potential for injury. Thus it is recommended that resistance training programs for persons with SCI initially concentrate on antagonist movements in wheelchair propulsion, wheelchair transfers, and weight shifts (i.e., pulling actions). 
Many upper body exercise activities are effectively performed in the general population using stabilization forces generated by the lower extremities and torso. Persons with lower limb paralysis are unable to produce such steadying effects and would be unsafe in many generalized exercise positions. Thus it is often necessary to use strapping around the torso and weight machine or wheelchair in order to establish a safe and effective base of support for more intense training. 
Partial or complete paralysis of the lower arms and hands dramatically reduces gripping force. Persons with cervical-level SCI may exhibit quite limited gripping abilities but retain the ability to generate substantial forces in the more proximal musculature such as the biceps and deltoid muscles. Specialized mitts and gloves with attaching straps have been developed to provide gripping in those unable to grip independently. Likewise, wrist straps (similar to those used with shrugs and deadlifts by powerlifters) can be used for these purposes. While these devices can provide a means to increase work efforts in persons with SCI, it is important that the exercise professional supervise exercise at all times, as these devices are usually not appropriate for independent use. 
Persons with SCI also exhibit dysfunction of the autonomic nervous system. People with SCI paraplegia present significantly reduced levels of venous return from the paralyzed lower extremities. This limits the magnitude of ventricular filling and therefore stroke volume, as well as reducing the stretch of the cardiac chamber and subsequently the effects of the Frank-Starling law. Persons with SCI tetraplegia exhibit even greater deficits in venous return associated with the proportionally greater amount of paralyzed muscle mass (75). 
Sympathetic neural drive is dramatically limited or absent in persons with SCI above the T4 level. In these persons, heart rate acceleration is limited to withdrawal of parasympathetic drive, with peak HR values restricted to 120 to 125 beats/min. Thus, persons with SCI tetraplegia have dramatic limitations in their ability to increase cardiac output and delivery of needed oxygen and nutrients to exercising musculature. 
Persons with cervical SCI or with paraplegia above T4 are also at risk of autonomic dysreflexia, which can be life threatening. In this case, noxious stimuli arising from below the spinal lesion are inappropriately processed, resulting in dangerous cardiovascular responses such as dramatic increases of HR and blood pressure (220). These noxious stimuli can range from blisters to overfilled bladder or bowels or injuries of the lower extremities. If the source of the autonomic dysreflexia cannot be immediately identified, with adjustments eliminating the problem, the client should be immediately transported to an emergency medical facility. 
Spinal Cord Injury

Case Study

Mr. L, 26 years old, sustained a SCI as a result of an automobile accident four years ago. His spinal injury was classified as a motor-sensory–complete SCI at the T8 level. John lives independently, drives his car with hand controls, and uses a manual wheelchair. He is currently not employed. Since discharge from the rehabilitation hospital about three years ago, he has been relatively inactive. Before his injury, Mr. L was quite active, having participated in high school and community recreational sports and training regularly at the community fitness center. Mr. L has experienced shoulder and elbow pain, which increases the challenges associated with wheelchair locomotion and transfers. He is taking Ditropan, a prescription medication for control of involuntary muscle spasms. He measured 69 inches (1.75 m) in height and 186 pounds (84 kg) in weight. 

Mr. L’s rehabilitation physician approved him for exercise training without restriction. The exercise professional discussed exercise training with him and determined that Mr. L was not interested in a “special” program but would prefer training in a manner as similar to what he perceived as “normal” as possible. He explained that before his SCI, he enjoyed a program consisting of a cardiovascular warm-up, followed by static stretching and then a series of resistance training exercises. Based on his experiences and his preferences, the exercise professional designed an appropriate program. 

Mr. L’s training program initially included two sessions weekly, with each session comprising a cardiovascular training period, a flexibility period, and a resistance training segment. His cardiovascular training was carried out with a NuStep ergometer, which allowed reciprocal upper extremity press–pull movements. Initial cardiovascular sessions were 15 minutes. Flexibility training was carried out with static stretching movements with assistance from the exercise professional. Emphasis was placed on the anterior deltoids and pectoral muscles. Resistance training was performed with a circuit of wheelchair-accessible weight training machines. One set of 8 to 12 repetitions each of chest press, seated row, shoulder press, lat pulldown, biceps curl, and triceps extension was completed. 

After four weeks, the NuStep cardiovascular training had increased to 30 minutes daily with resistance training load increased to three sets of each resistance training session. After three months of exercise training, Mr. L reported little to no shoulder or elbow pain. He expressed a great deal of appreciation for the opportunity to engage in what he had always enjoyed: exercise. 
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Epilepsy 

Epilepsy is not a single disorder, but a collection of disorders with the common characteristic of recurring seizure activity. A seizure is a sudden surge in the electrical activity of the brain that may affect an individual’s appearance or actions for a short period. Epilepsy is now considered a disease and is defined by any of the following (59): 
 
	At least two unprovoked (or reflex) seizures occurring more than 24 hours apart.
	One unprovoked (or reflex) seizure and a probability of further seizures similar to the general recurrence risk (at least 60%) after two unprovoked seizures, occurring over the next 10 years. 
	Diagnosis of an epilepsy syndrome. This means that epilepsy is considered resolved for individuals who had an age-dependent epilepsy syndrome but are now past the applicable age, or those who have remained seizure-free for the last 10 years, with no seizure medicines for the last 5 years. 

Epilepsy is caused by an excessive electrical discharge in the brain that disrupts the normal pattern of brain electrical activity. This is seen when the brain releases more excitatory signals than inhibitory signals. The threshold between excitatory and inhibitory signals that the brain can withstand before the consequence of a seizure is genetically predetermined. The outcomes of the seizures depend on where and how much of the brain was affected. The durations of seizures range from seconds to minutes, often with disorientation after the seizure ends. Seizure activity also ranges in severity. More severe seizures exhibit signs such as uncontrolled and uncoordinated movements or convulsions, which affect various physical and mental functions and may lead to unconsciousness (58). Less severe seizures may be characterized by blank staring, lip smacking, and jerking movements of the arms and legs (182). 
Pathology of Epilepsy
People with epilepsy can experience one or more types of seizures. Seizures are now classified into two general types: primary generalized and partial–focal (16). Primary generalized seizures involve both sides of the brain, while partial seizures affect only part of the brain. In addition to classification of epilepsy by seizure type, it can also be classified into seizure syndromes, taking more variables into account. There are many subtypes of seizures, and exercise professionals are encouraged to consult with their client’s physician or other health care professional and the Epilepsy Foundation (www.epilepsy.com) for more information on the specific type of seizures that are affecting their client. In diagnosing epilepsy, physicians order a battery of tests including a combination of blood work, medical history, neurological examination, positron emission tomography (PET) scans, computed tomography (CT) scans, and magnetic resonance imaging (MRI). The best means of diagnosing epilepsy is monitoring using an electroencephalogram for one or two days, as well as videotaping seizures in order to determine what type of seizures a person has and subsequently the treatment. 
Although most seizures cannot be foreseen, there are a few things that people with epilepsy can avoid because they are considered seizure triggers. The most important thing a person with epilepsy can do to avoid seizures is to take medications as prescribed. Other triggers include eating or drinking certain foods, changes in hormone levels, stress, sleep patterns, and photosensitivity (sensitivity to flashing lights at certain intensities) (76, 135, 191, 229, 250). 
Although there is no central database that keeps track of either the incidence or prevalence of seizure activity or epilepsy, epidemiologists have made estimates using a variety of sources. Epilepsy is estimated to affect more than 3 million Americans, with the greatest incidence rates occurring during the first year of life and in those 55 years and older (78). African Americans have a higher chance of developing epilepsy than Caucasians; however, it is more common for a Caucasian to have uncontrolled epilepsy (34, 71, 105). 
Pathophysiology of Epilepsy
Epilepsy is caused by abnormal brain function. Some suggested causes include head injury, brain damage during or before birth, brain tumors, genetics, lead poisoning, and infections (meningitis or encephalitis) (208). While the exact physiological cause of epilepsy cannot be determined in the majority of cases, it is important to determine what may be causing the seizures in the individual before designing a treatment plan in order to maximize its effectiveness. 
Common Medications Given to Individuals With Epilepsy
See medications table 8.8 near the end of the chapter for a summary of medications given to individuals with epilepsy. These medications are known to have potential side effects such as fatigue, digestive disorder, dizziness, and blurred vision (51, 156, 203). They have also been associated with behavioral changes, depression, and suicidal ideation (156). While these side effects may have serious adverse influences on the ability to perform exercise, it is vital that people never discontinue their medication without notifying their physician or other health care professional, as this could increase seizures and place them at increased risk. The primary issue is to maintain the medication at particular levels in the blood to control seizure activity. If the goals of the exercise conditioning program include loss of body weight, then the medication dosage may need to be adjusted if a side effect is weight gain. However, the supervising physician should always coordinate adjustment of medication levels. 
Cases of epilepsy that do not respond to drug treatment are termed intractable, and other treatment options may be attempted, including special diets, complementary therapy, vagus nerve stimulation (VNS), or surgery (15, 125, 229). If a person is diagnosed with underlying brain damage that causes seizures, surgery may be an option (86). 
People with epilepsy often suffer from depression or mood disorders caused directly or indirectly by their seizures, in addition to the potential for depression from the antiseizure medications. Depression can also stem from the challenges associated with leading a normal life with epilepsy (106, 156). Further, depression may be initiated by seizure activity caused by damage to the area of the brain that is responsible for emotion (20). 
Effects of Exercise in Individuals With Epilepsy
The safety and efficacy of exercise in persons with epilepsy have been demonstrated in two studies from the same research group in Brazil (46, 248). Physiological and electroencephalographic (EEG) responses to acute exhaustive cardiorespiratory treadmill testing in individuals with both juvenile myoclonic epilepsy and temporal lobe epilepsy were compared with those in control cohorts without epilepsy. It was found that people with epilepsy exercised less and had a significantly lower resting metabolic rate and resting oxygen consumption compared to control groups. Individuals with epilepsy also had decreased EEG activity during and following exercise as compared to before exercise. These studies not only demonstrate the positive effect that exercise has on EEG activity, but also highlight the importance of exercise to maintain a healthy BMI in persons with epilepsy due to their lower resting metabolism. 
McAuley and colleagues (145) demonstrated the efficacy of a 12-week exercise intervention in persons with epilepsy. Subjects were assigned to either a control group or an exercise intervention group that participated in strength, aerobic, and flexibility training three days per week. Results indicated that exercise did not affect seizure frequency in those with active seizures. Quality of life as well as strength, peak oxygen consumption, aerobic endurance time, and body composition were, however, improved in the exercise group. 
Exercise Recommendations for Clients With Epilepsy
Persons with epilepsy have traditionally been discouraged from active participation in programs of exercise training
due to
the misconception that increased activity may induce seizure activity or increase the frequency of seizures. Actually, exercise-induced seizures are rare, and increased levels of activity have been associated with reduced seizure frequency, with the expected benefits of improvements in cardiovascular and psychological health (8). 
The primary concern for the exercise professional when working with a client who has epilepsy is the potential for seizure activity during or following training sessions. As the association of seizures and exercise is very low, training programs for persons with epilepsy are similar to programming recommended for persons without disability (227). Resistance training should begin with one set each of 8 to 10 exercise movements with emphasis on multijoint movements. Training intensity should be progressed from 50% to 60% 1RM (initial loading) to 60% to 85% 1RM, and volume should be increased to three or four weekly sessions as tolerated. Aerobic training should start with one 15-minute session weekly with light to moderate intensity (30% to <60% O2 or heart rate reserve) and should be increased progressively to two or three weekly 30-minute sessions. Program design guidelines for clients with epilepsy are summarized in table 8.8. 




Exercise Modifications, Precautions, and Contraindications for Clients With Epilepsy
The Epilepsy Foundation advocates physical activity and exercise. Exercise in most cases does not trigger seizures unless the client is overly fatigued or overheated (8, 192). If this is the case, precautions should be taken to give the client adequate breaks, and exercise should be performed in a cool environment. Otherwise sport participation and exercise are strongly encouraged for those with well-managed epilepsy. 
When working with a person who has epilepsy, it is important to know first aid procedures in case a seizure occurs. In most cases, seizures do not last long; they end naturally, and the exercise professional should not try to stop them (or any subsequent movements) (32). Important first aid tips include not putting anything in the victim’s mouth, protecting the head from further injury during the seizure, loosening tight-fitting clothing, and securing the area from anything the victim’s head might hit. In addition, do not give the victim anything to eat or drink or any medications until the person is fully conscious. After a seizure has occurred, victims tend to be disoriented or tired and describe having a headache. Recovery can take minutes to hours, and the person should be allowed sufficient time to rest before being expected to move. 
During tonic–clonic seizures (person loses consciousness, muscles stiffen, and convulsions occur), clients may stop breathing during the tonic phase but are often able to breathe again during the clonic phase. If they do not resume breathing, cardiopulmonary resuscitation (CPR) or rescue breathing should be started immediately. Clients may also vomit and have incontinence during a tonic–clonic seizure. To prevent choking and aid in breathing, positioning the victim on the left side may be beneficial. 
The following are reasons to call for emergency medical services during any type of seizure: having difficulty breathing, a seizure lasting longer than 5 minutes, two seizures in a row without regaining of consciousness, and a seizure in water. One should call for emergency medical services also if the person is pregnant or is injured or has diabetes. A status event (nonstop seizures) is always a medical emergency. Also, seeking further care for individuals who just experienced their first seizure is advisable. 
If a person experiences frequent seizures, certain types of exercise, such as lifting free weights and upright treadmill exercises, are contraindicated. It should be up to all clients and their physician or other health care professional to weigh the risk and benefits associated with the expected gains from particular types of exercise against the danger of possibly having a seizure while performing this type of exercise. 
Swimming is generally a good form of exercise for persons with epilepsy; however, it can be very dangerous if someone has a seizure or becomes unconscious in the water. To be safe, people with epilepsy should always swim in an area with a lifeguard. Finally, contact sports are potentially dangerous; a participant can hit the head and sustain a concussion, which could trigger a seizure. People with epilepsy should discuss participation in contact sports with their physician or other health care professional before participation is permitted (205). 
Epilepsy

Case Study

Mr. W is a 62-year-old retired firefighter who began experiencing epileptic seizures with no other health-related issues. He reported reduced consciousness in a variety of settings, with concerns regarding safety while driving his car. He also shared that his wife had observed that during conversations he had been tending to ramble on confusedly. He had no history of sustaining a head injury. 

Neurological examination revealed that Mr. W had abnormal electrical discharges of the right temporal lobe of his brain. Magnetic resonance imaging findings were negative. Mr. W responded well to the prescription medicine Tegretol, which controlled the seizure activity. Mr. W had been relatively inactive since retiring from the fire department at the age of 58. He was 6 feet (183 cm) tall and weighed 232 (105 kg) pounds. He was aware that he should return to his previous active lifestyle especially as a means to control his body weight. However, he was tentative regarding exercising with epilepsy without supervision or guidance. Mr. W sought out the assistance of an exercise professional with advanced certification in working with persons with special conditions. 

The exercise professional gained the approval of the supervising physician to carry out exercise training. The physician cleared Mr. W to exercise based on general recommendations as long as seizure activity was not observed to increase in frequency or severity. Mr. W participated in three weekly exercise sessions, with each session including a cardiovascular training segment, a flexibility segment, and a strengthening segment. The cardiovascular training began with 15-minute treadmill walks, with duration increased gradually to 20- to 30-minute segments of treadmill, stationary biking, or rowing. Flexibility training included 20-second stretches of major muscle groups for one or two sets each. The strengthening segments began with one set of 8 to 12 repetitions of four to eight exercises per session. Training volume was increased gradually to three sets of five to eight repetitions at 70% to 85% 1RM with eight exercises per session. 

After 12 weeks of training with the exercise professional, Mr. W had reduced his body weight by 7 pounds (3 kg). He also reported a significantly increased energy level and increased ability to carry out his daily tasks. He did not report any seizure activity since beginning the Tegretol medication and the exercise training. 
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Conclusion 
It is well established that active lifestyles, specifically participation in well-designed exercise programs, provide significant benefits across populations regardless of chronological age, sex, training status, and current health condition. These benefits include important health benefits as well as enhanced functional performance of daily activities. Unfortunately, persons with physical disability or chronic disease are known to be less active than persons without disability or disease (85). The lack of active participation is commonly related to limited background in exercise training in general and specific concerns related to the person’s particular disability or disease. People with neurological disorders commonly exhibit characteristics that require condition-specific recommendations for exercise, as well as appropriate precautions and contraindications, in order to experience effective and safe training. This chapter provides an overview of the most common neurological disorders, with discussions of their pathology and pathophysiology, in order to give readers a basic understanding of the unique physiological functioning of persons with the given condition (with emphasis on how this differs from what is seen in the general apparently healthy population). Specific recommendations for exercise activities as well as precautions and contraindications have also been provided for each condition. 
Key Terms
 
	aneurysm
	ataxia
	autonomic dysreflexia
	bradykinesia
	cerebral palsy
	demyelination
	diplegia
	embolus
	epilepsy
	exacerbation
	flare-up
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Study Questions
 
	Which of the following is a nonprogressive neurological disorder? 	cerebral palsy
	multiple sclerosis
	Parkinson’s disease
	muscular dystrophy


	Which of the following is a symptom of demyelination? 	joint pain
	persistent bleeding
	pseudohypertrophy
	reduced muscle coordination


	A client with cerebral palsy is ambulatory, but walks stiffly with flexed hip and knees in both legs. There is no obvious deficit in upper body coordination. Which form of CP is the client likely suffering from? 	ataxic
	spastic hemiplegia
	athetoid
	spastic diplegia


	Which of the following is true regarding resistance training programming for a client with traumatic brain injury? 	Perform only machine exercises, no free weights.
	Treadmill walking is preferred to cycling or rowing.
	Rest period between sets should be at least 2 to 3 minutes.
	There are currently no consistent, specific recommendations for resistance training in TBI patients.


















































Chapter 9
Cognitive Conditions and Disorders 
William J. Kraemer, PhD, CSCS,*D, FNSCA
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After completing this chapter, you will be able to
 
	describe the range of cognitive disorders and their respective etiologies;
	recognize the importance of individualization in the exercise prescription process;
	discuss the importance of encouragement, fun, and the environment in the exercise setting for people with cognitive disorders; and 
	explain the difference between dementia and Alzheimer’s disease.

Cognitive disorders encompass a wide range of challenges and difficulties, including but not limited to impaired brain function, anxiety and panic disorders, and dementia. This chapter focuses on specific considerations concerning health and fitness maintenance within some current major cognitive disorders. At the outset, it is important to stress that these discussions emphasize the individuals involved rather than the disorders. Thus, one speaks of a young girl with Down syndrome, not a Down syndrome girl. This focus has been a great challenge over the past many years and shows the respect needed for individuals who experience such demands in their lives. 
In addition to affecting brain properties before and after birth, many cognitive disorders are accompanied by various motor function impairments. This chapter focuses on those disorders that primarily affect the cognitive abilities of the person but, when appropriate, also addresses motor impairments. These cognitive disorders fall into two primary categories: developmental disorders and neurodegenerative diseases. Within the vast list of diagnosable developmental disorders, the chapter discusses autism spectrum disorder (ASD), Down syndrome (trisomy 21), and intellectual disability (ID). (Please note that even though intellectual disability has been referred to elsewhere and in the literature as mental retardation, that terminology is not used in reference to these individuals.) From a similar vast list of diagnosable neurodegenerative diseases, this chapter discusses dementia and Alzheimer’s disease. These disorders were primarily chosen on the grounds of previously established impact and the recently noted increasing prevalence and the effect on individuals within the general population of the United States. 
While reading this chapter, it is important to keep in mind that each of these disorders has varying levels of manifestations and subsequent cognitive and physical disabilities. This variation of presentation is based on severity of the disorder and individual differences within populations of those who are affected. Each of these disorders is individually presented, with useful information concerning implementation of exercise programs for the persons involved. The necessary background information about each disorder is provided, including a summary of the disorder, etiology and epidemiology, a review of benefits that can be derived from utilization of exercise, and finally general recommendations for exercise prescription that should be used in training. It is important to note that within the context of exercise and its various positive benefits, information concerning some of these cognitive disorders is limited. The authors used the best available data to make recommendations, yet a great deal of future study is needed and could provide significant benefit to individuals and practitioners within these populations. 
In the United States, according to the Centers for Disease Control and Prevention, there is greater risk for obesity in children and adults with mobility issues or learning or intellectual disabilities than in individuals who do not have a chronic condition (9, 19, 29). In many cases this includes children and adults with cognitive disorders. This may be manifested by decreased opportunities for physical activity as recess and gym class are taken out of school curriculums; other factors include decreases in physical activity as age increases and a meteoric increase in sedentary pursuits. Poor food choices, poor economic conditions, and a lack of cognitive understanding can also be major contributors to the obesity epidemic in such populations. Individuals with cognitive disorders may be more vulnerable to these issues due to even fewer opportunities for regular physical activity. This is also true for children outside of a school setting, in part due to the needed supervision and instruction by qualified professionals, which can make all the difference when available (37, 68). Other factors affecting opportunities for physical activity include the previously mentioned shortage of knowledge on how to individualize an exercise program, as well as the common practice of “preoccupying” individuals with movies, TV, or other technology (56). However, a real concern is the volunteering of well-meaning adults trying to take the place of trained professionals in providing exercise and sport-related activities. 



General Exercise Considerations for Clients With Cognitive Disorders 
Before presenting general exercise recommendations for working with persons who have special needs and then the individual disorders and accompanying considerations for exercise, it is appropriate to discuss general considerations appropriate for all of the cognitive disorders within this chapter. These considerations focus on individualization of training session design to allow for the person to tolerate and consistently complete workouts. While beyond the scope of this chapter, considerations for proper nutrition and hydration are vital for optimal exercise and adaptive changes. In addition, the program needs to account for the client’s ability to learn and safely execute the exercises, as matching abilities and program design is vital from a motor learning perspective. In other words, everyone may not learn a movement or skill in the same manner (e.g., with the exercise professional showing the movement and expecting the client to replicate it). This approach assumes that all neural brain functioning, from vision imaging to spatial movement replication, is possible. 
The ability to tolerate exercise is typically diminished based on the unique characteristics of each of the disorders, but four considerations will guide the recommendations for each population. These considerations are related to individualization, use of machines when beginning resistance training, progressive overload during resistance training, and the use of aerobic endurance exercise. 
Individualization is the first general consideration and should be central to the total program design. This modification needs to take into account not only the cognitive disabilities in the client but also any anatomic limitations to exercise. By considering cognitive and biomechanical characteristics of the client, one can design an exercise program to allow the person to be able to tolerate the metabolic demand of the training session. Tolerance is developed through exercise selection, as well as through the implementation of varying lengths of rest between sets of each exercise and rest between exercises within a training session. The selection of exercise should focus on all major muscle groups of the body within each exercise session. This exercise selection should also use a progressive pattern of periodization over the length of the training program, while rest time should be at least 2 to 3 minutes in length but ultimately is based on the client’s tolerance for the exercise itself. 
Key Point
To individualize exercise programs for people with cognitive disabilities, exercise professionals should consider not only the cognitive abilities of the client but also any anatomic limitations to exercise. 
Although free weights may be ideal for many populations, cognitive, anatomic, and biomechanical issues may limit their effectiveness for special populations. The second general consideration is that the use of weight machines should be a starting point for the choice of exercise equipment when one is beginning a resistance training program with clients who have cognitive disabilities (figure 9.1). Learning can be made easier because the client can be “locked” into a set pattern of movement that can be safely and easily replicated throughout a workout session. The benefits of using machines when training these populations are valid only if care is taken to “fit” the piece of equipment to the client and the movement. Thus, one can progress to heavier resistance more quickly due to fewer demands on the motor capabilities needed to learn the exercise movement, as well as coordination. In addition, adequate amounts of time should be taken for progression of the program, with special attention to motor capabilities within the exercise movements as well as the metabolic demands of each exercise. The proper use of machines for these clients will allow for an improvement of strength within primary patterns of movement and can allow for the client to work toward an increased workload (a hallmark of a progressive resistance training program). Additionally, increase in the person’s strength may lead to a carryover of strength to other patterns of movement, allowing for improved functionality and independence of the person throughout everyday life. Variations of free weight and machine exercises can be found in a number of books, for example, Strength
Training for Young Athletes, Second Edition, or Designing Resistance Training Programs, Fourth Edition (31, 32). 



Figure 9.1  Machine exercises can be used to stabilize the exercise movement to help strengthen body parts, and they require little if any balance or motor coordination. Even if balance and functional skills are not developed, complementary exercises based on each client’s motor capabilities should be used in the choice of exercises. Weight machines can be used for strengthening when free weight exercises demand too much skill and coordination. 
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The third general consideration is that the resistance training program should be a progressive program, with additional levels of resistance or increase of exercise intensity used to meet an increased tolerance of the metabolic demand of the workout. This progression typically starts with one set and later expands to two or three sets per exercise using a varied range of 8 to 12 repetitions in a periodized format. The progressive resistance training program needs to take into account the ability to tolerate the metabolic demands of the exercise program before adding either repetitions, sets, or amount of resistance. Additionally, the progression of the resistance training program should take into account the need or requirement for individual supervision of each exercise session and the total number of persons needed to supervise the client or group of clients. 
The last general consideration addresses aerobic endurance exercise. Much like the limitations noted regarding resistance training are limitations related to aerobic endurance training. Because of the cognitive, anatomic, and biomechanical limitations that persons with these disorders exhibit, a general rule of thumb is that use of standard aerobic endurance training equipment may not be the best choice. Long-duration, repetitive activities may not suit the client’s preferences and could create negative attitudes toward this type of exercise. Instead, the creative use of various alternative physical activities, such as dancing to music, swimming, or water aerobics, may allow for greater tolerance to the exercise. As a function of being more enjoyable, the use of alternatives may lead to completion of more aerobic endurance exercise sessions, although this is speculation deserving of further study. 



Exercise Recommendations for Clients With Cognitive Conditions and Disorders 
There are few specific recommendations for exercise in persons with cognitive disorders due to limited controlled studies in this area. For context of what is usually done when working with clients who have special needs, exercise professionals can consult the general guidelines adopted by the U.S. Department of Health and Human Services (DHHS) (72) for developing exercise workouts and programs for healthy adults. However, the actual exercise prescription must be individualized and the exercise progression tolerated for successful development of health, fitness, and function. Exercise prescriptions need to be carefully monitored when one is working with diverse clients who have various cognitive and intellectual challenges. In cases in which the general recommendations are unattainable due to limitations, a lower frequency or intensity (or both) can be selected. 
Clients with cognitive conditions and disorders should begin their aerobic training program by performing one or two 10- to 20-minute sessions a week at a light to moderate intensity (30% to <60% O2 or heart rate reserve). As a person progresses, he or she can strive to meet the DHHS recommendations of at least 150 minutes of moderate-intensity (40% to <60% O2 or heart rate reserve) aerobic exercise per week (72). This can be attained with 30 to 60 minutes of moderate-intensity exercise (five days per week) or 20 to 60 minutes of vigorous-intensity (≥60%-90% O2 or heart rate reserve) exercise (three days per week). For resistance exercise it is recommended that clients train each major muscle group two or three days each week, and that using very light or light intensity is best for older persons or previously sedentary adults starting exercise, with two to four sets of each exercise to help adults improve strength and power. These exercise recommendations are appropriate as guidance for exercise programming for clients with cognitive disorders. The response to exercise acutely and over time does not vary dramatically due to a cognitive condition. 
Proper progression in a periodized format from a base program starting at one set of 8 to 12 repetitions with regard to resistance and sets can be implemented as fitness levels increase. Also, if the recommended duration of a single exercise bout is not tolerable, enjoyable, or practical, then accumulating these amounts throughout the day is permitted. This flexibility is a necessity, as any opportunity for physical activity within these populations is far more beneficial to health and quality of life than acquiescing to the trend of an increasingly sedentary existence. Program design guidelines for clients with cognitive conditions and disorders are summarized in table 9.1. 







Autism Spectrum Disorder 

Autism spectrum disorder (ASD) is a complex group of conditions that are behaviorally defined and have multiple etiologies with varying levels of severity (33). This group of disorders is characterized by deficits in social communication and social interaction and restrictive repetitive behaviors, interests, and activities. These include sensitivity to sensory stimuli of all kinds (taste, touch, smell, sound, and sight); stereotyped behaviors, including various physical actions like body rocking, hand clapping, and echolalia or repetitive vocalizations; obsession with an object or topic of interest; and an insistence on sameness. 
Pathology of Autism Spectrum Disorder
The conditions included in ASD are pervasive developmental disorder—not otherwise specified (PDD-NOS), childhood disintegrative disorder (CDD), Asperger’s syndrome, and classical autism (6). Classical autism can be either mildly severe (high functioning) or very severe (low functioning) (33). Individuals with Asperger’s syndrome mainly have detriments in social interaction but have normal to above-average cognitive function. Childhood disintegrative disorder (CDD) (also known as Heller’s syndrome) is characterized by a loss of previously acquired language, social skills, and various motor skills. Pervasive developmental disorder—not otherwise specified (PDD-NOS) differs from the other conditions in being the most difficult form of ASD to diagnose. Autism spectrum disorders are usually diagnosed anywhere from after the first 14 months to three years of life and persist through adulthood (57). An emerging body of evidence supports the efficacy of early, intense behavioral and cognitive intervention strategies to improve language and social function, which provide the most successful outcomes possible to those diagnosed with ASD (34, 42). 
The core deficiencies of ASD are impairments in communication and social interactions, and engagement in repetitive or stereotypic behaviors (39, 53, 61). In addition to these symptoms, other symptoms pertaining to sensory cues are also key players in the behavior of children and adolescents with ASD (39, 42, 57). It is worth noting that children and adolescents with ASD, in some situations, can exhibit outbursts and cause physical harm to themselves or to others. This usually happens if a sudden change is forced upon them, if frustration builds from not being able to communicate properly, or if they have a sensitivity issue with their sensory system (39, 42, 53, 61). 
History and Demographics of Autism Spectrum Disorder
The Centers for Disease Control and Prevention (CDC) reported in 2012 that 1 in 68 births in the United States had ASD (21). This represented the fastest-growing disability, as the prevalence increased by 6% to 15% each year from 2002 to 2010. It is estimated that 3.5 million people live in the United States with ASD, with a greater rate in boys (1 in 42) compared with girls (1 in 189) (16). 
The numbers of ASD diagnoses are undeniably on the rise from past estimates. However, it is unclear how much of this increase is due to a true increase in prevalence or to a broadening of the diagnostic criteria. When assessing whether or not a child has ASD, medical and allied health (i.e., psychologists) professionals consult the diagnostic criteria set forth by the Diagnostic and Statistical Manual of Mental Disorders: DSM-5 (6), and it should be noted that previous editions did not include Asperger’s or PDD-NOS with ASD (4, 5, 7). With these two disorders included in the ASD diagnosis, there is a good chance that prevalence rates are on the rise because populations are being accounted for that have not previously been included in the estimates (33, 34, 61). In addition to the inclusion of the spectrum of disorders, the increase in prevalence may be in part due to the increase in public awareness of ASD (33, 34, 61). 
Pathophysiology of Autism Spectrum Disorder
Children and adolescents with and without ASD are more likely to be overweight or obese due to the trend of decreasing physical activity as age increases (26, 54). This is most likely attributable to decreased opportunities for physical activity as recess and gym class are taken out of school curriculums and sedentary pursuits increase. Children and adolescents with ASD are susceptible to this same trend; however, they may be more vulnerable to it because of the small number of opportunities for physical activity outside of school, a shortage of programs tailored to their needs, and the common practice of preoccupying them with movies, TV, or other media (54). 
Common Medications Given to Individuals With Autism Spectrum Disorder
It is important to understand that there are no medications that can cure ASD or even treat the main symptoms of ASD. Medications are used to help some people deal with some of the related symptoms (e.g., to help manage high energy levels, the inability to focus, depression, or seizures) (51). The two main categories of medications used include selective serotonin reuptake inhibitors (SSRIs) and antipsychotic agents. The SSRIs, such as citalopram, fluoxetine, and sertraline, are used to address depression, anxiety, and obsessive behaviors. Side effects of these medications can include insomnia, increased agitation, and weight gain. Persons with ASD may also be prescribed antipsychotic medications such as haloperidol, risperidone, or thioridazine. These medications alter effects of brain chemicals and have been shown, in many cases, to reduce aggressive or self-harming behavior. Antipsychotic medications can have side effects such as sleepiness, tremors, and weight gain. 
Effects of Exercise in Individuals With Autism Spectrum Disorder
The benefits of regular physical activity are well documented, and seemingly, the overall effects of exercise are no different for individuals with and without ASD (8, 44, 55, 66). 
These effects include increased cardiovascular health, increased lean body mass, decreased adiposity, weight control, increased strength, increased balance and coordination, decreased risk of musculoskeletal injury, increased cognitive function, and decreased risk factors for cardiovascular disease (i.e., obesity and overweight), among others. In children with ASD, exercise has been shown to have positive effects. For instance, cognitive function and time spent doing learning activities improve in children and adolescents with ASD after an exercise bout. The major cause of this increase in cognitive function is the decrease in stereotypic behaviors (40, 60) that occurs in a dose–response relationship. This results in greater academic engagement because increased physical activity leads to decreased anxiety and stress reactivity (40, 60). It has also been shown that multiple exercise bouts and vigorous intensity produce greater and longer-lasting reductions in stereotypic behavior in this population (40). 
In the general population, there exists a trend for adolescents to be more sedentary than children, either due to decreased opportunity for physical activity or because of increased sedentary pursuits (54). Children and adolescents with ASD are not apart from this trend (10, 26). Being habitually active can lead to increased weight control, which can decrease the risk of health problems associated with inactivity, such as hypertension, obesity, and diabetes. Since a trend of these health concerns exists in this population, increasing the amount of physical activity in youth with ASD should be a primary goal for health, wellness, and medical professionals. 
Training Considerations for Clients With Autism Spectrum Disorder
Based on the available evidence with this population, the following recommendations might be a starting point for an exercise training program (43). It is recommended that exercise training with persons with ASD include a variety of activities that are enjoyable and developmentally appropriate for the client based on a behavioral model for teaching. Many exercises are difficult to perform, from basic jumping to walking, pulling, pushing, and so on, due to ASD. Thus, each workout program must be developed within the scope of the client’s ability to progress. However, the option is open for use of all the typical activities if they can be properly taught by the exercise professional and achieved by the client challenged with ASD. 
A basic progressive resistance training program for persons with ASD may be initiated with one set each of several movements for 8 to 12 repetitions per set. If possible and with time, up to three sets may be performed using a varied program with different intensities from 8 to 12 repetitions in a periodized format. Two or three exercise sessions should be performed per week. Tolerance of the workout will be determined by progressive addition of sets for a particular muscle group; however, not all exercises need to be performed for the same number of sets in a workout. 
Exercise should be performed with moderate intensity (physical activity that noticeably increases breathing, sweating, and heart rate) to vigorous intensity (physical activity that substantially increases breathing, sweating, and heart rate), with the understanding that gaining intensity in an exercise may be challenging. The progression should be matched with behavioral strategies to pique and maintain interest. Thus, the exercise programming for someone with ASD should be creatively and individually prescribed. The initial recommendation is to include 20 to 30 minutes of moderate-intensity aerobic activity accumulated over the day for three days a week (66). The activity can also incorporate several different modalities to maintain interest and enjoyment. 
The rest periods used should allow for complete recovery between sets, as too short a rest period increases physiological stress. This has to be interfaced with behavioral learning approaches as well. Typically, 2 to 3 minutes between sets and exercises is a starting point to make sure the client can tolerate the exercise (e.g., showing no signs of nausea or dizziness and ready to take on the next set or exercise without extreme fatigue). 
Many clients with ASD have significant gait and posture disorders, and exercise activities may not be of obvious interest, thus requiring behavioral modifications in teaching. 
Verbal exchanges between an instructor and a youth with ASD should be emotionally neutral (no up and down intonations), free of jargon, and free of sarcasm and rhetoric (63, 75) so as to make communication no more difficult than it already is for youths with ASD. This will minimize frustration and distraction during conversations, which can lessen the possibility of outbursts and potentially increase learning ability (63, 75). To further minimize the sensory stimulation, the room and clothing should be kept as neutral as possible as well
(75). 
Key Point
When working with clients with ASD, it is ideal if the environment (room, clothing, music) and verbal exchanges are kept as neutral as possible. Verbal exchanges should be emotionally neutral and free of jargon, sarcasm, and rhetoric. 
Autism Spectrum Disorder

Case Study

Maria is an exercise professional at the local health club, which has started to provide classes for special populations, including ASD, to help with basic fitness and strength development. She has a solid understanding of exercise training and holds appropriate certification for generalized fitness training (Certified Personal Trainer) and an advanced certification for exercise training of special populations (Certified Special Population Specialist). 

Laura is a 15-year-old female with ASD and has the expected gross motor imbalances and posture issues. Coach Maria anticipates that it may be difficult to teach the leg press movement, as it may not be seen by Laura as interesting or fun; she may rather do some other activity that catches her attention, such as bouncing on the big pink Swiss ball. Using a behavioral strategy, Coach Maria has explained to Laura that once she completes a set of leg press exercises she can then bounce on the pink Swiss ball. Pairing the leg press—or for that matter any weight training exercise—with another activity that Laura liked proved to be an effective way to motivate and engage her with a basic workout. Coach Maria’s goal was to teach the exercise so that Laura could do a set of 10 repetitions with a light load to begin with over the first several weeks. Coach Maria will look for other activities Laura might find interesting in the weight room to serve as a behavioral pairing with another exercise. 

Coach Maria also knows that verbal praise for the exact thing Laura did correctly with the exercise is vital and knows not to use general praise like “Good going, way to go” but rather “Great job pushing the weight up with your legs.” She knows that depending on Laura’s cognitive capabilities, getting her set in the seated leg press machine and showing her how to grab the handles and then push out with her legs is not simple. Coach Maria also knows that when she practices the movement with Laura with no load she may need to help by guiding her leg movement with her hands so Laura feels the correct movement. However, as with coaching any client, it is important for the coach to ask if it is okay to touch the client and to explain why before doing so. In the case of Laura, since she is 15 years old, it is also important to discuss this with her parents to ensure that they provide consent before any training is initiated. As Laura learns the exercise, prompts can be gradually withdrawn so she can complete the activity independently. Once the exercise is taught and other exercises are progressively added to the workout routine, gradual loading can be added, making sure that the exercise techniques are correct and that the toleration of the movement is acceptable. Again, Coach Maria knows that verbal encouragement and careful observation as to acceptability and effectiveness of the reward pairing need to be constantly assessed. 
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Down Syndrome 

Down syndrome (DS) is a genetic disorder that results in a trisomy (three copies) of the 21st human chromosome (52). The fundamental basis is that individuals with DS have 47 chromosomes instead of the usual 46. This third chromosome, which constitutes the genotype of the individual, can have highly varied effects on expression of the phenotype of an individual characteristic (e.g., heart structure, cognitive capabilities, and other pathologies). There are cases of very rare forms of DS (less than 6%) called Translocation Down syndrome or Mosaic Down syndrome in which not all of the chromosome is triplicated or not all cells of the body carry the extra chromosome. The distinctive facial look, such as flat face and slanting eyes, and delays in growth are characteristic of DS. 
Down syndrome can be associated with delays in growth and lower cognitive and intellectual capabilities. The range is wide, with some individuals having very low IQs and others much higher (35). Interestingly, the average reported IQ of those with DS has increased in the past few years. The average IQ of an adult with DS is approximately 50, with about 40% in the mild intellectual disability range of 50 to 70. An IQ of 50 matches the mental age of an 8- to 9-year-old, and average IQ in the general adult population ranges from 70 to 130. Recently it has been shown that DS can be combined with ASD, complicating many aspects of behavioral and developmental capabilities. Down syndrome is not curable and is not related to race, nationality, religion, or socioeconomic status. 
Pathology of Down Syndrome
The most common origin of the genetic causes of DS occurs during the formation of the egg (meiosis of the gamete) within the ovary (74). Although there is some debate over the cause of the development of the trisomy, the only established relationships between the mother and a child with DS are advanced age of the mother (>35 years old) and a younger mother who is a heavy smoker (13). Interestingly, since there are more births among younger women, 80% of newborns with DS in the United States are born to mothers under 35 years old (17). As already noted, individuals with DS have a wide range of symptoms from mild to severe, including delays in both mental and physical development (13, 28, 74). 
Demographics of Down Syndrome
According to the CDC, approximately one in every 700 babies in the United States is born with DS (i.e., almost 6,000 babies per year), making DS the most commonly diagnosed chromosomal condition in the United States (27). Some epidemiological evidence has indicated that DS is one of the most commonly identified causes for developmental delay in children
(74). 
Pathophysiology of Down Syndrome
Characteristics of individuals with DS include a delay in mental maturation (see section on intellectual disability); muscle weakness (hypotonia); short stature; cardiac anomalies; flat face profile with short and low-set ears and upslanting of the palpebral fissures that is accompanied by a protruding, broad, and furrowed tongue; curved fifth finger and a single palmar crease; and a gap between the hallux and the second toe (74). These characteristics of individuals with DS often lead to difficulties with early childhood motor patterns and learning of both generalized social and self-care skills (see section on intellectual disability) throughout childhood and into adulthood (74). 
Common Medications Given to Individuals With Down Syndrome
There is no drug treatment for DS itself; however, individual care by a physician or other health care professional who understands the syndrome is vital, as other conditions such as dementia, epilepsy, and mental health issues have been associated with DS, particularly in children (50). A variety of supplements (i.e., amino acids and antioxidants) and pharmaceutical interventions (e.g., drugs that affect brain activity) have been used, but they have largely yielded negative, inconclusive, and even some adverse results (50). 
Effects of Exercise in Individuals With Down Syndrome
Because of the developmental delay in both mental and physical maturation, the population of individuals with DS presents special cases for the development and design of exercise programs, which can be complicated by additional ASD. Individuals with DS have generalized muscle weakness, poor cardiovascular fitness, impaired motor coordination, and poor exercise economy, which leads to an inability to perform exercise for prolonged periods of time (22, 64). These physical limitations (6, 22, 64) diminish the ability to perform many activities of daily living. To complicate these issues, DS to a certain extent hinders cognitive function in most individuals with the syndrome, which may impede compliance with necessary exercise programs. 
Most exercise programs for individuals who have DS focus on increasing cardiovascular fitness and aerobic endurance along with an increase in muscle strength through incorporation of various exercise paradigms (6, 22, 64). By increasing cardiovascular fitness and generalized muscle strength, the person will have increased economy of movement and increased time to fatigue, which will in turn increase functional independence (22, 64). Most of this increase in functional independence is achieved through musculoskeletal adaptations resulting from the incorporation of structured resistance training or aerobic endurance training programs, normally within group or community training settings (6, 22, 64). 
Resistance exercise has been shown to be effective in improving leg strength and functional performance (e.g., stair ascent and descent) in adults with DS compared to subjects who did not train over a 10-week period (25). The combination of resistance and aerobic endurance training has also shown aerobic fitness improvements in adults with DS (45). A 12-week program included three sessions per week of aerobic endurance training performed for 30 minutes per session at 65% to 85% of peak oxygen consumption. Additionally, resistance training was performed two days a week and consisted of two rotations in a circuit of nine exercises at a 12-repetition maximum (12 RM) resistance load. Improvements in peak oxygen consumption and walking speed were observed. Thus, resistance training is an important modality to include in an exercise program for individuals with DS. 
Exercise Recommendations for Clients With Down Syndrome
The following recommendations are made based on the available evidence for this population; they include aerobic exercise as well as resistance training in programming for clients with DS (45). Although it is important for all individuals, proper drinking behavior before, during, and after exercise is vital to maintain needed hydration levels in people with DS. This is even more important due to potential limitations in the capability of the sweat glands in those with DS to adequately cool the body during exercise. Thus, careful attention to environmental conditions, exercise demands, and symptoms of heat illness is needed. 
The aerobic endurance training should use activities such as walking or jogging patterns to assist with independence of the client with DS following training. Walking in most clients without orthopedic issues can serve as an important cardiovascular activity that is effective in maintaining or improving cardiovascular function (14). However, as previously noted, there may be a better choice for aerobic endurance training through the use of dancing to music, swimming, and water aerobics for these clients. Research has shown that music and dance is a universal medium for exercise activities and DS (67) and can provide the external motivation for movement as well as add an important social element to exercise programming. The only concern for such group activities is that some clients with DS have noise sensitivity and may need headsets to dampen the noise to acceptable levels. 
It is recommended that exercise programming for persons with DS include three days per week of aerobic endurance training using creative modalities and an interesting environment to stimulate interest. Aerobic training intensity for higher-functioning clients should be 50% to 70% of O2peak. The duration for aerobic endurance training should be between 15 and 30 minutes per session. This time may be broken into smaller units such that completion of small and easier tasks can be acknowledged through verbal recognition or physical reward for accomplishment of a goal; also psychological encouragement can help the person move toward the next task to be achieved within the exercise session. 
Two or three days of resistance training per week are recommended for exercise programming of persons with DS. The resistance program should be designed to enhance muscle strength and function and should include major muscle group exercises to stimulate the body’s musculature. Initially standard resistance training exercises can be used, with determinations made on an individual basis, for example, if motor control is of the proficiency needed to use free weights or machines. Loading is also individualized based on understanding and tolerance of the increased load. Again, metabolic intensity needs to be carefully monitored and addressed with rest periods from 2 to 3 minutes between sets and exercises to provide adequate recovery and reduce any symptoms of undue fatigue, as the primary goal is to increase muscular strength. It is recommended that resistance training sessions for clients with DS be no more than 45 minutes in length. 
Cognitive learning capabilities related to each exercise movement must be individually assessed. Motor capabilities for a particular exercise must be kept in mind, and in some cases weight machines can assist in reducing balance and control issues and thereby lead to faster development of strength. Incorporating free weight exercises is important to help develop motor capabilities more related to real-world demands. As previously stated, progression, periodization, and individualization of programs are needed and often can follow the basic concepts of training for younger athletes due to similarities in cognitive function (31). A variety of exercises can be used, including both free weights and machines, but they should address each body part and include some multijoint exercises. 
Exercise Modifications, Precautions, and Contraindications for Clients With Down Syndrome
Because of the cognitive impairments, successful exercise programs for persons with DS have needed to incorporate the following modifications into program designs: a high ratio of instructors to exercise participants and the utilization of various reward programs for participation (64). Secondary to the rewards system is a need to understand that using general guidelines for exercise testing may not apply within this population, as actual O2max for these clients may be only 80% of predicted O2max; the most likely cause for this discrepancy stems from poor economy of exercise (6, 22, 64). For this reason, it has been recommended that if exercise testing is used, O2peak should be of greater importance than O2max in determining heart rate intensity for training (22). 
As with individuals with ASD, one has to work to make sure that the client with DS can learn and mimic the movement patterns of the exercise. Due to limitations in translation of information, one cannot assume that visual demonstration can be replicated. It is important to understand that in DS, informational processing in the brain is different and time delays exist. 
Care is needed to monitor potential issues with heat tolerance as DS can affect the normal functioning of sweat glands; thus the environmental challenges and the exercise intensity interactions are important factors to carefully monitor in any exercise program. 
Key Point
Exercise professionals should carefully monitor participants for overheating, as some clients with Down syndrome do not sweat as much as the typical population. 
Down Syndrome

Case Study

Coach James, an exercise professional, works as a fitness instructor at a tennis club that started offering recreational sessions for children and adults with DS. Each session used courts dedicated to different skill levels and motor capabilities, and accordingly, four groups of clients were created after a period of assessments. The groups reflected the differential abilities of each client to perform basic skills in tennis and the level of motor function each exhibited. An adapted physical education teacher provided “teaching” seminars and educated the tennis coaches who volunteered to work with these special clients. It was clear that not all individuals with DS learn in the same way and that some were much higher functioning than others. But the goal was to encourage activity, movement, socialization, and fun with the sport of tennis. 

Having experience with special populations and holding the appropriate professional specialized certifications in strength training, Coach James wanted to add a fitness component to the tennis program for persons with DS. He designed a modified program based in part on the basic circuit weight training program in the tennis club’s fitness facility. With the tennis groups already divided based on motor skill functions and learning aptitudes, he knew which of the groups would need additional coaches to help administer the group workouts. In this case he decided he would use the same approach the tennis program used: a coaching buddy for each client during the circuit weight training program. 

The first task was to ensure that each exercise station had appropriate equipment (a machine, Swiss ball, or free weight) for each client. Coach James tested each program participant through the circuit individually to determine the appropriate exercise choices and the ability to properly perform the exercises. He noted which exercises presented greater learning challenges to each client (e.g., if someone could not stand with a barbell without having balance issues). Appropriate substitutions or modifications to the equipment were then made. Eventually, the goal was for each coach to take each client through the circuit weight training workout without loading. 

Coach James had understood that getting a client ready to do a circuit weight training workout would take practice involving lead-up activities and motivational encouragement to promote and maintain interest in doing the workout. This was a big challenge, and rewards played a role. Once this preparatory phase was completed, the workout started; light or no weights (12 to 15 repetitions) were used to create the first workout. A 2- to 3-minute rest was used between the exercises, and careful monitoring of the clients’ tolerance was needed. To begin, only one circuit was performed. Over time some of the major muscle group exercises were progressed to heavier loads in the circuit (6 to 8 repetitions) with rest periods monitored. The coach also varied the circuits for loading and progressively changed the exercises, but was careful to always monitor technique and toleration of each client. 

The circuit weight training program followed the tennis practices that included a lot of running and balance activities in the warm-ups. All of the clients took a 20-minute rest and hydration break after the tennis activity before the circuit training workout. As with the indoor tennis session, water and hydration were stressed as being important during and after all activities. The clients with DS all reported that they enjoyed the program and felt that they were “getting in good shape.” Eventually Coach James plans to make the circuit training program available for times away from the tennis activity to spread the activity profile over the week. The program would have to provide more available time options and proper supervision to be successful, but Coach James is up to the task to improve the fitness and health of individuals with DS. 
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Intellectual Disability 

Intellectual disability (ID), also known as general cognitive disabilities or mental retardation (see note at beginning of chapter), typically develops before a child reaches the age of 18 years (48). Delay in cognitive (mental) maturation is characteristic of ID, resulting in significantly below-average scores on tests of mental ability, or intelligence, and further characterized by limitations in the ability to function in areas of daily life—that is, communication skills, ability to perform activities of self-care, and ability to perform appropriately within social situations including school activities
(48). 
Pathology of Intellectual Disability
Even though there is a delay in mental maturation, individuals with ID can and do learn new skills; however, they develop these skills at a much slower rate than do children with average intelligence (48). Intellectual disability can be caused by injury, disease, or a brain abnormality during gestation or soon after birth. The following are some of the most common known causes (18): 
 
	Down syndrome
	Fetal alcohol syndrome
	Fragile X syndrome
	Genetic conditions (e.g., cri-du-chat syndrome, Prader-Willi syndrome)
	Infections (e.g., congenital cytomegalovirus)
	Birth defects that affect the brain (e.g., hydrocephalus or cortical atrophy)
	Asphyxia during the birthing process
	Metabolic conditions, such as phenylketonuria (PKU), galactosemia, and congenital hypothyroidism

Demographics of Intellectual Disability
Data from the U.S. Census Bureau (71) indicate that the number of people with disabilities is on the rise, with 56.7 million people having a disability in 2010, an increase of 2.2 million since 2005. Interestingly, despite the increase in disability prevalence, the percentage of people with all impairments remains about the same at 18.7%. Recent statistics indicated that approximately 0.5% of Americans, or about 1.2 million people aged 15 years and older, and 4.5% or 1.7 million children aged 6 to 15 years, had an ID (70, 71). Additionally, 944,000 adults had other developmental disabilities including autism and cerebral palsy. 
Pathophysiology of Intellectual Disability
Intellectual disability does not have a singular cause. The mechanisms by which ID manifests are specific to the syndromes that accompany it. Our physiological understanding of these mechanisms is in its relative infancy and is a fertile area of research. Although we have already noted the outcomes of ID in a general way, the causes can be genetic or neurobiological in origin. The proper development of the brain, neurons, and synapses is vital to proper function and cognition. Anatomic malformations and defects in the control of synaptogenesis are underlying causes of many forms of ID. The particulars of the cutting-edge understanding of ID are complex and require in-depth examination, which is somewhat out of the scope of this book, but are discussed by Picker and Walsh (58). 
Common Medications Given to Individuals With Intellectual Disability
Any medications prescribed for individuals with ID reflect the growing concept in medicine of a “personalized approach.” No cures exist for the multitude of IDs. New drugs are being developed on a continuous and regular basis for specific facets of specific IDs, but exercise therapy is one aspect that has shown promise for improving physical and neurological function. It is important for the professionals who work with special populations to ensure that their participants are cleared by a physician or other health care professional and to be aware of medical aspects that may affect physical exercise and performance. Additionally, musculoskeletal exams are important before activity to ensure that the exercise will not compromise function or safety (e.g., orthotic needs for foot, knee, or spine issues may exist). 
Effects of Exercise in Individuals With Intellectual Disability
Individuals with ID are able to achieve health benefits from exercise similar to those for the general population. Research suggests that exercise can temporarily enhance neural activity and cognitive performance in individuals with ID, but the long-term meaning of this enhancement is generally unknown (24, 38, 41). Also, although there are developmental disorders in the brain and its connections, skeletal muscle is usually developed normally (15). Thus, adaptations and benefits of muscular stimulation, along with its downstream effects on different levels of physiological systems, should occur similarly to those for an individual without ID (65). In general, persons with ID have been shown to improve cardiovascular fitness (62, 73), muscular strength (59), balance (69), and quality of life (36). However, it should be noted that there are relatively few controlled studies on the exercise effects in this population. Also, many studies on individuals with ID and exercise include participants with DS, as well as very general exercise regimens. Although this serves as a good foundation, future study designs should use a greater range of ID types and exercise modalities. These modalities should be creative yet safe, should account for individual physical limitations, and should attempt to incorporate traditional exercise modalities and techniques. 
Training Considerations for Clients With Intellectual Disability
General training considerations for clients with ID follow the basic principles already discussed with regard to all persons with cognitive disorders, and are similar to those for clients with DS. Exercise prescription for persons with ID should be individualized to meet people’s specific needs for different target goals to improve physical function, health, and fitness. The exercise programming should be developed with appreciation of the challenges each client with ID must deal with in everyday life. 
Aerobic endurance exercise for persons with ID can be performed three or four days a week using a variety of modalities, from walking to dance, step aerobics, water aerobics, or stationary cycling, with the goal of improving cardiovascular function and health.
Resistance training should be based on a progressive program that includes major muscle group exercises to stimulate the body’s musculature. As such, resistance training should use multiple sets and should be periodized, with the loading and stress of the workouts adapted to each client’s specific challenges and capabilities. Persons with ID should engage in resistance training a minimum of two days a week in order to achieve significant benefits, with three days of training per week for persons capable of the increased training volume. 
Exercise Modifications, Precautions, and Contraindications for Clients With Intellectual Disability
Exercise activities for persons with ID should be modified according to the client’s particular intellectual capabilities. As basic movement patterns may be limited in association with cognitive limitations, more complicated activities may not be appropriate. Exercise tasks may be simplified in order to allow safe success in the most basic movement patterns, with exercise technique gradually but progressively adjusted in complexity as tolerated. The relatively simplified nature of weight training machines and cycling equipment provides an appropriate initial training option for many persons with ID. Some clients with ID may be capable of incorporating free weight training, which may be more beneficial to the development of strength and transfer to real-life tasks. 
Key Point
In work with clients who have intellectual disability, care must be taken to ensure that the person can perform the exercises correctly. Movement patterns may need to be simplified, and the person should be able to perform the movements properly before increasing load or volume. 
Determining the ability to perform the exercise movements properly is vital before any loading. The process of learning the correct execution of exercise movements may be enhanced through the use of a part–part–whole teaching process in which more complicated movements are reduced to simpler movement segments. Progressively, the exercise movement segments may be combined to produce complete exercises. Similarly, initial training may consist of one set of a few movements, progressing to multiple sets of the same movements, and potentially progressing to circuit training with the learned movements. Loading, rest periods, and exercise should be balanced to create a tolerable stress and to strengthen muscles with the goal of enhancing locomotion and movements in everyday life. Verbal recognition or physical reward for accomplishment of a goal, as well as psychological encouragement to move toward the next task, should be incorporated into all exercise sessions. 
Intellectual Disability

Case Study

Mr. J is a 24-year-old man diagnosed with ID since birth. He lives with his parents and two younger sisters and is employed as a grocery carryout person. Other than his work-related duties, Mr. J had been relatively inactive most of his life. Due to his sedentary lifestyle and appreciation of pizza, his body weight progressively increased to over 275 pounds (125 kg) with a body mass index (BMI) value of 41.8. Mr. J began experiencing low back pain and needed to take frequent breaks at work. Family and friends regularly suggested exercise and diet programs, but Mr. J was not interested. 

Mr. J had always been a big sports fan, closely following the local professional and college teams. Recently, he had been invited to participate in the Special Olympics program. After very careful consideration, Mr. J decided that he was interested in bowling and archery (two sports not requiring a great amount of movement). After his first competition, he became very committed to his new sport pursuits, with a new interest in a more active lifestyle. However, he was clear that his interest was in improved sport performance and that he was not concerned with weight loss. 

Mr. J’s parents had a family membership at the local fitness center and knew that one of the exercise professionals, Rudy, had a specialized certification in training of persons with special conditions. Rudy met with Mr. J and determined that his program should be as independent as possible. Again, Mr. J stressed that he was interested in sport performance for his Special Olympics competitions and “not just working out.” The initial exercise program Rudy designed included two sessions per week with both aerobic and anaerobic components. The initial sessions began with comfortable treadmill walking with no incline for 10 minutes, gradually increasing pace and elevation per session for up to 30 minutes. Following the treadmill walking, Mr. J completed a series of eight machine weight training exercises emphasizing large multijoint movements. Resistance was adjusted to allow for one circuit of 8 to 12 repetitions per exercise. The load was increased to two sets per exercise in week 3. 

After the first month of training, Mr. J reported virtually no low back pain and increased energy in his workplace. Body weight had decreased only 2 pounds (1 kg) with this first month of exercise training. Rudy met with Mr. J and discussed his progress and goals at this point. Mr. J stated that he was ready to make an increased effort with the goal of significant improvements in the next six months to prepare for a big Special Olympics competition. Together, they revised the training program to include three weekly gym sessions and increased training volume to three circuits of the resistance training series per session. Mr. J agreed that his performance in bowling and archery might improve if he was able to reduce his body weight. Rudy helped him make an appointment with a nutritionist for guidance in that area. Mr. J shared with Rudy that his competitions and training had changed his life and given him an increased sense of his own potential. 
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Dementia and Alzheimer’s Disease 

Dementia is an umbrella term for a collection of symptoms relating to a loss of memory and brain function that interferes with daily life (18). Dementia can be caused by a number of disorders affecting the brain, including Alzheimer’s disease and other pathological states such as Huntington’s disease, Parkinson’s disease, and Creutzfeldt-Jakob disease, or can result from a vascular stroke. It is estimated that over half of cases with dementia are related to Alzheimer’s disease (2). A medical diagnosis for dementia occurs only when two or more of the following cognitive functions are significantly impaired without loss of consciousness: memory, language skills, ability to focus attention, reasoning and judgment, and visual perception. Some causes (e.g., vitamin deficiencies, drug interactions) of dementia can be treated and the condition may be reversible. Accurate diagnosis is needed so appropriate treatments can be initiated to mitigate the problems and avoid misdiagnosis. For example, while dementia is frequently thought to be related to Alzheimer’s disease, this may not be correct. Without a medical diagnosis, the situation can be confusing, particularly as an individual starts to realize some of the symptoms. 
Currently, despite ongoing research every year, Alzheimer’s disease is degenerative and incurable. This pathology progressively worsens over time, whereas dementia may be more static. Working with individuals who have Alzheimer’s disease or dementia is challenging based on their functional understanding and on how much impairment exists at the time of an initial intervention and over time. 
Pathology of Dementia and Alzheimer’s Disease
Individuals with cognitive impairments can have significantly impaired intellectual functioning that interferes with normal activities and social relationships, and may eventually lead to a loss of the ability to solve both simple and complex problems and is thereby defined by the National Institutes of Health as dementia (49). The progression of dementia can lead to an inability to maintain emotional control; and individuals may eventually experience various behavioral problems, that is, agitation, delusions, or hallucinations, which over time can develop into personality changes. Although dementia is associated with aging, there is no age delineation regarding when it occurs within the life span (23). 

Alzheimer’s disease (AD) is an irreversible, progressive brain disease that slowly and progressively destroys memory and thinking skills, eventually including the ability to carry out the simplest tasks (49). This disease is tiered into a tri-level diagnosis (mild, moderate, or severe) that is based on the severity of memory and cognitive difficulties along with a loss of self-care skills that occur over the lifetime. It is known that both younger and older people are at risk for the development of AD; however, the disease usually begins after age 60, and the risk progressively increases with age (23). While there is no definitively known cause for AD, a combination of risk factors and causes for its development appears to be present. These may include a genetic predisposition for the disease (modification of the APOE gene) along with limitation in one or more components of an “active lifestyle” (i.e., being physically active, participating in mentally stimulating activities, and having frequent social interactions) (20). Additionally, there is growing support for associations between the onset of AD and age of the individual, a family history of AD, high blood pressure, high total cholesterol, and a history of diabetes (23). 
Demographics of Dementia and Alzheimer’s Disease
The prevalence of dementia within the overall population varies with age. There is a 13.5% prevalence in the U.S. population for individuals 80 to 84 years old, 30.8% for those aged 85 to 89 years, 39.5% for those aged 90 to 94 years, and 52.8% for those older than 94 years (23). The percent of new cases of dementia reported per year ranges from 6% for the population from 80 to 84 years up to 20.7% among those over 94 years old. 
The development of AD with aging is not typical or normal, albeit the greatest known risk factor for the disease is increased age (most common with 65+ years of age), followed by genetic factors. However, an estimated 5% of people with AD have early-onset Alzheimer’s, which is also known as younger-onset disease; this can occur in individuals in their 40s or 50s. The CDC estimates that as many as 5 million Americans have some level of AD. It is further estimated that about 5% of the population between 65 and 74 years old has some level of AD and that nearly half of those aged 85 and older may have the disease (23). 
Pathophysiology of Dementia and Alzheimer’s Disease
The development and causes of AD are not known but are thought to be associated with neural degradation due to the buildup of proteins by amyloid plaques (between neurons) and neurofibrillary tangles (within neurons). Amyloid plaque builds up when the normal process of breaking down and eliminating amyloid protein fragments is faulty. Alzheimer’s disease is also related to neurofibrillary tangles in which tau protein, a critical factor in the integrity of the neural microtubules, degenerates into tangles of filaments. While the accumulation of amyloid plaque and neurofibrillary tangles is part of the normal aging process, with AD the rate of accumulation is much greater, leading to progressive and accelerated decline in cognitive function compared to normal. Oxidative stress, or damage to cellular structures by toxic oxygen molecules called free radicals, is also regarded as a pathology characteristic of AD. 
Those who develop AD and dementia tend to have poor lifestyle and general fitness (3). However, there is no known causal relationship between either disease and trained status of the individual. Research indicates that cardiovascular disease and related risk factors increase the risk of dementia and AD. Behavioral and psychological interventions are often used before medications, due to efficacy issues (3). Exercise is among the treatments that can improve dementia or slow its progression, as well as possibly benefitting cognitive function in populations with AD. In general, exercise can improve brain structure and function through improvements in vascular health (for a detailed review, see Tarumi and Zhang, 2014). 
Common Medications Given to Individuals With Dementia and Alzheimer’s Disease
Currently, there is no cure or means to prevent the progression of AD. However, there are medications commonly prescribed for reduction of symptoms, such as memory loss (49). Cholinesterase inhibitors are prescribed to individuals with AD for symptoms such as memory loss, confusion, and reasoning problems (49). These medications (Aricept, Exelon, Razadyne) slow the breakdown of acetylcholine and have been shown to delay the progression of symptoms for up to a year in approximately half of those with AD (1). Potential side effects of cholinesterase inhibitors include nausea, vomiting, and loss of appetite. 
Another class of medication, memantine (Namenda), is generally prescribed to persons with moderate to severe AD for the symptoms related to memory, reasoning, and attention and the performance of simple tasks (46, 49). Memantine regulates glutamine activity and may temporarily slow symptom development. This medication can produce side effects including headaches, confusion, and dizziness (49). Cholinesterase inhibitors and memantine may limit exercise performance primarily in relation to symptoms such as nausea, confusion, and dizziness. 
Effects of Exercise in Individuals With Dementia and Alzheimer’s Disease
The ability of someone with dementia to safely and effectively participate in exercise activities is affected by where the individual is on the spectrum of the disorder. In the early phases of dementia and AD, more conventional exercises may be realistic, while in later stages, exercise may be achieved only in a wheelchair or in bed. Although exercise has been purported to enhance cognitive function throughout the life span, the specific mechanisms through which this occurs are still a topic of intense investigation. In general, exercise can have conflicting effects on dementia and AD, most likely due to the stage of the disease or the rate of progression. With higher-functioning patients, improvement may occur in executive function, memory, cognitive function, and rating of functional status; but with lower-functioning individuals, little if any change may be detected (47). Additionally, exercise may indirectly affect cognition by improving stress levels and sleep quality, as well as reducing elements of chronic disease that can affect cognitive function (12). Also, specific to the type of exercise performed, improvements in cardiovascular fitness, muscular strength, balance, and other determinants of functional independence can be expected in this population. Studies incorporating specific manipulations of the program variables of intensity, duration, volume, exercise choice, and others should be conducted to elucidate which programs better enhance cognitive function, physical health, and function. 
Key Point
In the early phases of dementia and Alzheimer’s disease, more conventional exercises may be realistic; but as the conditions progress, significant modifications may be necessary, and the exercise professional may need to consult with the individual’s physical therapist, physician, or other health care professional. 
Training Considerations for Clients With Dementia or Alzheimer’s Disease
Exercise may well improve cognitive and age-related losses in many clients with dementia, yet highly individual variation is to be considered (11). Exercise recommendations for persons with dementia or AD are related to the functional state of the client whether in a home-based program, a specialized nursing care facility, or a hospital program. With early phases of the pathologies, more conventional guidelines and programs with well-established resistance and aerobic exercise components can be applied (30). However, as the conditions progress, many clients with dementia or AD will need significant modifications to this programming. For example, while in some cases group activities may be appropriate, most people require individual implementation with consults from their physical therapist, physician, or other health care professional due to the progressive decline in cognitive function and associated physical capacities. Behavioral issues stemming from anger and agitation may also require creative approaches for maintaining participation. The exercise professional should be prepared to handle any outburst of anger or aggression with the understanding that these are reflections of a disease process and not a personal attack. This may mean having adequate support in the exercise environment or unit to support the calming of the situation, including the known caregiver at certain states of the disease. The loss of memory can make each day a new one that requires repetition of directions, encouragement, and evaluation of status. 
Alzheimer’s Disease

Case Study

Jayden had been working with a group of patients with Alzheimer’s disease at a novel center for aging run by a special unit from the local hospital. Most of the patients were not oriented to their surroundings, and each had differential physical abilities in relation to normal movements. Jayden found that he had to divide his patients into those needing individual exercise therapy and those who could exercise with a group with similar functionalities. He worked with the physical therapist to develop individual stretching and movement programs with light weights and rubber tubing. He regularly needed to answer the same questions relating to the purpose and techniques of the exercise, as many patients had limited recall day to day. Jayden realized that each session was unique to the day, and he knew instruction and explanations would need to differ each day. 

Some of the higher-functioning patients walked from 20 to 40 minutes for cardiovascular adaptations, and in other individuals Jayden worked to incorporate activity into the entire day, implementing different exercise breaks so that daily activity totals could be achieved. However, he was aware that for many of his patients in more advanced stages of AD, the early parts of the day were better times to exercise because AD patients can exhibit a condition called “sundowning,” showing greater agitation and fatigue at the end of the day. Jayden arranged training schedules around these individual factors but generally attempted to provide two or three training sessions per week. 

Jayden used the center’s fitness facility for patients who could work with the various weight machines and seated exercise bikes. With other patients, he found that flexibility exercises along with light weights and rubber band exercises worked to challenge their muscle function. Jayden was aware that depression could be an issue with some of the patients and always tried to make the exercise process enjoyable, using encouragement, using music they liked, and regularly seeking feedback about what aspects the patients enjoyed. Jayden realized early in the development of his program that individual supervision and individualization of the exercise programs, creation of a fun environment, persistence, and understanding the characteristics of AD would be key to the program’s success. 
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Philosophy of Exercise Programming for Clients With Special Needs 
Prescribing a general exercise program to be used by the special populations discussed here without appropriate modifications, precautions, or contraindications would be irresponsible and ineffective, due to each disorder’s unique characteristics and wide range of individual symptom presentations. All programs must be individualized and carefully monitored for alterations depending on functional and disease changes, whether they are increasing or decreasing. Some of this variety will affect motor function, while other components address cognitive function without motor impairment. Therefore, the exercise program should be written and implemented so that the client is able to tolerate it. Tolerance of exercise will be dictated by the cognitive, physiological, and biomechanical deficits expressed by the person. 
Special consideration is warranted for supervision and monitoring of exercise sessions and workout progression for the client with cognitive disorders. These considerations will ensure that the person can properly execute the exercise, can complete the appropriate number of sets and repetitions, has sufficient rest within the session to complete each workout, and is intrinsically motivated and extrinsically rewarded. The rewards and motivation can be either verbal encouragement or a physical reward for the completion of the exercise, leading to a sense of satisfaction and perhaps a noticeable increase in functionality and independence for the client. Reward systems are their own area of study, and discussions pertaining to these are outside the context of this chapter. 
The chapter has emphasized that programs for individuals with cognitive disorders need to be highly adapted to their unique abilities and limitations. Further, getting to know the individual through copious personal interaction should allow the exercise professional to become familiar with the person’s mannerisms, personality, and background, because specific home life, environmental, and sensory factors can dictate an individual’s attitude and ultimately the success of any exercise program. Additionally, extra caution and patience are in order in dealing with individuals who have cognitive disorders, as frustration may become evident even with simple tasks. One should also consider the sensory sensitivity of some people, especially when they are first learning a movement or activity. Clutter, noise, sunlight, and even shirt logos, no matter how subtle, can cause distractions, particularly for youths with certain conditions (75). Controlling the environment to minimize these distractions can make each session more productive. 
Lastly, verbal exchanges between an instructor and clients with a cognitive disorder should be emotionally neutral (no up and down intonations), free of jargon, and absent of sarcasm and rhetoric (63, 75), and should be used in such a way as to make communication no more difficult than it may already be for these clients. By communicating in this way, the exercise professional is able to minimize the distractions and frustrations that can develop during conversations and minimize possibilities for detrimental outbursts, which helps allow for increases in the learning of exercises (60). Additionally, although the evidence is anecdotal, enthusiasm of the instructor during the task is essential (especially with persons who have developmental disorders).
Being able to balance the aforementioned considerations regarding ease of communication and enthusiasm is a part of the art of training these clients. 



Conclusion 
Developing exercise programs for people with the wide range of cognitive disorders is highly individual. While standard recommendations for exercise program frequency, intensity, volume, and approach can be used as a marker for what is used in the general population, deviations from these standard recommendations are needed in most cases. Functional limitations and cognitive inhibitions may not allow for the learning and movement capabilities needed to stimulate physiological adaptations to the level of a person without these challenges. The goal should be to provide effective exercise training within the context of fun, with reinforcement of individual progress. New data in neuroscience studies show the importance of even minimal exercise programs like walking on brain development, so having some type of exercise program for people with cognitive disorders is a positive influence in their lives. Optimizing the movement capabilities of each person is the initial goal for every program, and then progressing to maximize the gains possible for each individual. Thus, the training program of the person with a cognitive disorder should be individually based, with progressive increases of training stressors and complexity according to the person’s particular abilities. 
Key Terms
 
	Alzheimer’s disease
	Asperger’s syndrome
	autism spectrum disorder
	childhood disintegrative disorder (CDD)
	classical autism
	dementia
	Down syndrome
	intellectual disability
	pervasive developmental disorder—not otherwise specified (PDD-NOS)
	sundowning

Study Questions
 
	Which of the following is one reason that weight machines are preferred to free weights for individuals with cognitive disabilities? 	There is a wider variety of machine exercises than free weights.
	Free weights may be too difficult or intense for these individuals.
	Machines can stabilize the body, allowing progressive increases in workload.
	Machines are more likely to fit a variety of different body types than free weights.


	Which of the following aspects of a training program for a mildly autistic child might be contraindicated? 	participation in water aerobics
	using a variety of aerobic exercises
	use of an exercise bike instead of outdoor walking
	using a brightly colored and decorated room for workouts


	Which of the following is the most accurate statement regarding training individuals with Down syndrome? 	They are resistant to change, so consistency in programming is very important.
	Free weights are contraindicated, due to decreased coordination and safety concerns.
	Exercise economy is less than average; therefore shorter bouts may be more effective to prevent fatigue.
	Persons with Down syndrome typically have above-average strength and can tolerate moderate to heavy loads early in a training program. 


	Alzheimer’s disease is thought to be caused by 	vitamin deficiencies
	amyloid plaques in the brain
	history of brain injury at an early age
	cardiovascular disease risk factors such as high blood pressure and cholesterol
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After completing this chapter, you will be able to
 
	define cancer and the general principles of its staging,
	describe the pathophysiology and the treatments for tumoral cells,
	recognize the side effects of cancer treatment in each patient and be able to adjust the personal exercise prescription for each patient, and 
	develop exercise recommendations for cancer patients.


Cancer is a major public health concern worldwide. The term cancer is a synonym for malignant neoplasm and has eight biological capabilities during the multistep development of human tumors. These capabilities include sustained proliferative signaling, evading growth suppressors, resisting cell death, enabling replicative immortality, inducing angiogenesis, activating invasion and metastasis (occurrence of the cancer at a distant site), reprogramming of energy metabolism, and evading immune destruction (53). Unregulated cell growth without invasion is a feature of benign neoplasms. 



Pathology of Cancer 
Cancer mortality and survival rates have improved over the years (4), and more people are able to successfully return to their daily tasks and improve their quality of life (QoL) after cancer.
Physical activity has been demonstrated to play a preventive role in terms of the risk of developing cancer (e.g., breast, colon, prostate, lung, endometrial) (44, 153). But, as discussed throughout this chapter, physical activity is also emerging as a major tool to improve the QoL and survival of patients with cancer. 
Untreated cancers cause serious illness and invariably lead to death. The American Cancer Society (4) reports that today, one in four deaths occurring in the United States is due to cancer and that it is the second leading cause of death in the United States after heart disease (it was estimated that 600,000 Americans would die of cancer in 2016). About 1,685,210 new cancer diagnoses were expected in 2016. Moreover, 14.5 million people in the United States with cancer (diagnosed and under treatment or survivors with no current evidence of cancer) were alive in 2014 (4). In the United States, 86% of all cancers are diagnosed in people 50 years of age or older (4). In women, breast (29%), lung and bronchus (13%), and colorectal cancer (8%), were estimated as the most prevalent in 2016. In men, prostate (21%), lung and bronchus (14%), and colorectal cancer (7%) were estimated as the most prevalent in 2016 (4). 
Approximately 595,690 deaths due to cancer were expected in 2016. The tumors with the highest number of deaths in both sexes are lung (27%), colorectal (8%), and pancreas cancer (7%) (4). In women, lung and bronchus (26%), breast (14%), and colorectal cancer (8%) had the highest estimated mortality in 2016. Similarly in men, lung (27%), prostate (8%), and colorectal cancer (8%) were estimated as the tumors with the highest number of deaths in 2016 (4). For these main cancer sites (lung, colorectal, breast, and prostate), mortality rates continue to decrease (4). 
Cancer is also the second leading cause of death among children between the ages of 1 and 14 years in the United States (4). Leukemia (particularly acute lymphocytic leukemia) is the most common cancer (30%) in children, followed by brain and other central nervous system tumors (26%) (4). The survival rate in children for all types of cancer combined improved from 58% in 1975 through 1997 to 80% for children diagnosed from 1996 to 2003 (114), and it continued to increase to 83% in the most recent time period for which data are available (2005-2011) (4). The American Cancer Society (4) reports that childhood cancers are rare, representing less than 1% of all new cancer diagnoses in the United States. Unfortunately, childhood cancer incidence rates increased slightly, by 0.6% per year, from 1975 until 2016 (4). 



Pathophysiology of Cancer 
Most cancers appear sporadically; others occur more frequently in families that carry a germline mutation in genes that contribute to the development of cancer (42). Inherited cancer syndromes account for only a small percentage of all cancers. The current view is that cancer is a genetic disease that develops in various adult cells (somatic cells) through a series of DNA alterations that lead to uncontrolled cell proliferation (53). Most of these alterations involve changes to the DNA itself, and this is called a mutation. For example, mutation occurs due to random DNA replication errors, either spontaneously or due to exposure to carcinogens (e.g., radiation). Other mutations may occur when certain genes whose gene products regulate DNA replication or repair are mutated (e.g., p53 gene). 



Specific Management and Treatment of Individuals With Cancer 
The management and treatment of a patient with cancer depend on the type and stage (i.e., how widespread the cancer is) of the cancer. Thus, determining the type and stage of cancer is essential for selecting the treatment that will be most effective. Several classification schemes exist to stage a cancer process. The TNM (Tumor, Node, Metastasis) system gives three key pieces of information and is currently the method most commonly used (4): 
 
	T: Reflects the size of the tumor and is ranked as T0 (no tumor) to T4 (tumor invasion of a vital organ such as the heart or lungs) 
	N: Reflects whether the lymph nodes are affected by the cancer; this factor is scored as N0 (no invasion of the lymph nodes) to N3

	M: Reflects the presence or absence of cancer metastasis to other organs of the body and is designated M0 (no metastasis) or M1 (metastases present) 

For example, a tumor staged as T1N0M0 is a very small tumor that has not spread to the lymph nodes or metastasized. Once the TNM descriptors of a given tumor have been defined, they are combined together in an overall stage grouping comprising a simple set of stages (stage 0 to IV). In brief, the lower stage numbers (e.g., stage I) are used to describe a small primary tumor and no metastases, and higher numbers (e.g., stage IV) to describe a cancer that has metastasized, or spread, to other organs or throughout the body. 
After receiving treatment for cancer, the patient may undergo a period of remission lasting several weeks to many years, when the cancer is responding to treatment or is under control. When the cancer is characterized as being in complete remission, all signs and symptoms of the disease have disappeared. However, in some patients the tumor is said to be in partial remission; symptoms improve but do not completely disappear. If the cancer returns (known as recurrence or relapse), further treatment often leads to another period of remission (4). 
Currently, there are four main types of treatment for cancer: surgery, radiation, chemotherapy, and biological therapies. More than one kind of therapy may be combined to treat cancer. 

Radiation therapy is usually a local form of treatment and is targeted only at the area of the tumor so there is little effect elsewhere (4). It uses special equipment to deliver high-energy particles or waves to destroy or damage cancer cells (e.g., x-rays or gamma rays). It prevents the growth and division of the cancer cell by breaking apart the DNA molecule inside the cell. It can be delivered in two ways: 
 
	
External radiation. A machine delivers a high-energy ray to the cancer site and surrounding tissue. Usually this treatment is given daily (five days a week) for five to eight weeks. The newer machines (e.g., three-dimensional conformal radiation therapy [3D-CRT], intensity-modulated radiation therapy [IMRT]) provoke less damage to surrounding normal tissues and deliver higher doses to the tumor. 
	
Internal radiation or brachytherapy. This type of radiation is delivered in one of two ways: 	A small container is placed inside the tumor or in the area of the incision after surgery to act as a radioactive source, killing or damaging the tumor cells. 
	Another mode of internal radiation therapy involves the administration of radioactive drugs (radiopharmaceuticals) by mouth or by injection. 




Chemotherapy involves delivering chemotherapy drugs into the bloodstream to treat cancer cells that have metastasized to other parts of the body. Chemotherapy treatment may last from several months to even years (i.e., hematologic cancer usually requires chemotherapy treatment for two to three years), and is given in cycles followed by a recovery period (4). Chemotherapy duration depends on different factors including the kind of tumor, tumor phase, patient’s tolerance to chemotherapy, and the patient’s general condition (4). Chemotherapy can significantly reduce the risk of cancer recurrence after surgery. Chemotherapeutic drugs have many modes of action, including disruption of DNA replication and disruption of normal cellular architecture necessary for cell shape and structure; more recently, drugs target specific enzymatic functions in cancer cells that control growth (called “targeted” therapies) (4). 

Biological therapy (which includes immunotherapy, biotherapy, or biological response modifier therapy) uses a variety of large molecules (usually protein molecules) to fight cancer or to lessen the side effects of some cancer treatments (4). This form of treatment usually interferes with cancer cell growth, acts directly to help healthy immune cells control cancer in certain therapies, or helps to repair normal cells damaged by other forms of cancer treatment. 

Bone marrow transplantation is another common therapy used to treat blood cancers such as leukemia, Hodgkin lymphoma, and others (4). In this type of treatment, diseased bone marrow is ablated (destroyed) using large doses of chemotherapeutic agents, radiation, or both. The patient’s blood-forming system is then replaced with either bone marrow cells from the patient when in remission (autologous bone marrow transplant) or a tissue antigen-matched donor (allogeneic). 

Hormonal therapy uses drugs to modify body hormones (e.g., stopping their synthesis, changing their effects on specific cells) with the final objective of blocking the tumoral growth (141). There are some tumors that are hormone dependent; these tumors have hormonal receptors in their cells, and their growth depends on hormones. These types of tumors are termed hormone receptor positive and can be treated with hormone therapy. In cancers that are hormone receptor negative, this kind of treatment is not helpful (4). The tumors that are hormone receptor positive are essentially breast and prostate cancer, but there are other cancers that can also be treated with hormonal therapy (e.g., endometrium cancer, neuroendocrine tumors) (141): 
 
	
Breast cancer: The hormone estrogen increases tumor growth of breast cancers that are hormone receptor positive. Approximately 66% of breast cancers are hormone receptor positive. These tumors have hormone receptors for estrogen (ER-positive cancers), progesterone (PR-positive cancers), or both. The objective of hormone therapy for breast cancer is to lower estrogen levels as much as possible (4). 
	
Prostate cancer: The androgen hormones (male hormones) increase the tumor growth of prostate cancer. The objective of the hormone therapy for prostate cancer is to lower androgen levels (e.g., testosterone) as much as possible (4). The hormone therapy for prostate cancer is also called androgen deprivation therapy. 

Side Effects of Cancer Treatment
Normal healthy cells, tissues, and body functions may be affected by cancer treatment. The side effects suffered by a patient depend on the type of radiation or drugs, the amounts given, and the length of treatment. Early side effects are experienced during or shortly after treatment and usually include nausea and vomiting, temporary hair loss, increased chance of infections, fatigue, skin changes, loss of appetite, pain, hemorrhagic and thromboembolic complications, and allergic reactions (4). 

Late side effects are those that take months or years to develop, and some are often permanent. Severe side effects include toxicities in many body systems and organs. These toxic effects impair health-related QoL and include hematologic and immune system toxicity (e.g., anemia, leukopenia, lymphocytopenia) (79, 139, 140, 148); cardiovascular toxicity (e.g., high blood pressure, cardiomyopathy) (12, 55, 79, 83, 104, 138); pulmonary toxicity (e.g., pulmonary fibrosis, diminished diffusion capacity, impaired aerobic capacity) (79, 119, 140, 148); musculoskeletal alterations (e.g., muscle weakness, muscle atrophy, diminished range of motion, osteopenia–osteoporosis) (33, 52, 66, 79, 84, 86, 99, 117, 119, 124, 148, 161, 162); gastrointestinal system toxicity (e.g., intestinal fibrosis, ulceration) (79, 139); endocrine toxicity (e.g., alterations to the thyroid, hypothalamus, and pituitary) (79, 86, 139); hepatic toxicity (e.g., hepatocyte necrosis, steatosis) (79, 139); nephrotoxicity (e.g., gout, kidney and bladder abnormalities) (79, 139); and neural toxicity (e.g., pain, impaired gross and fine motor control) (11, 52, 79, 117, 124, 140, 147, 161, 162). 
Cancer-Related Fatigue

Cancer-related fatigue is the most common side effect of cancer and cancer treatment. It differs from the normal fatigue of everyday living activities and affects up to 70% of cancer patients during chemo- and radiotherapy and after surgery (31, 79). Patients are usually advised to rest and downregulate their level of activity, but rest does not improve cancer-related fatigue because inactivity promotes muscular catabolism, and extended periods of rest may lead to chronic fatigue (31, 79). Moreover, several researchers have reported that 30% to 50% of cancer survivors claim that their fatigue lasts for months or even years after the end of treatment (79). In severe cases, patients may develop cachexia, or muscle-wasting disease (79). 
Key Point
Many cancer patients experience fatigue during and after treatment. Exercise can reduce muscular deconditioning and break the cycle of fatigue. 
Cancer patients characterize fatigue as the most distressing side effect of cancer and its treatment (more distressing than pain, nausea, vomiting, or depression), probably because it seriously impairs a person’s QoL (79). The American Cancer Society (4) defines cancer-related fatigue as feeling tired (physically, mentally, and emotionally). It can be caused by the cancer itself or by cancer treatment or other factors, and can last a long time, making the patient’s daily living activities difficult. It usually increases in severity as treatment continues. 
The causes of cancer-related fatigue are multifactorial (79) and still poorly understood. Anemia, pain, emotional distress (i.e., depression and anxiety), sleep disturbances, nutritional problems, a low level of physical activity, medicines, and other medical problems (e.g., infection, diminished thyroid function, lung disease) are some factors related to cancer or its treatment that may produce fatigue. Many adult patients report fatigue as a physical disturbance and loss of functionality during daily tasks involving physical activity, such as walking a short distance, climbing a few stairs, or completing household tasks (79). Child patients complain of early fatigue in childhood games with the consequence of feeling frustrated and unhealthy (121, 122). Severe activity-limiting fatigue is caused by extreme muscular deconditioning related both to the illness and treatment and also to sedentary habits (79). 
Cancer-related fatigue is mainly caused by the illness itself, the treatment, and inactivity resulting in deconditioning. Moreover, the sedentary habits usually recommended by the biomedical staff and the family to protect the patient may lead to the development of the self-perpetuating fatigue cycle (figure 10.1) (79), which results in a higher and higher level of catabolic processes at all levels (i.e., physical, emotional, social). Physical training breaks this downward cycle and diminishes cancer-related fatigue (79). The American Cancer Society (4) recommends physical activity as a major ancillary treatment to break the cycle of self-perpetuating fatigue and to combat fatigue. The Big Team—physicians, nurses, social workers, physical therapists, nutritionists, exercise professionals, and psychologists as well as other health care professionals—needs to be involved. The work of the Big Team is a patient necessity because fatigue is often caused by more than one problem, and also because the patient needs the strength of the entire health team to help cope with her particular fatigue. This help must take the form of a treatment prescription tailored to the particular needs of a given patient—for example, treating different patient problems (e.g., sleep disturbances, nutrition problems, anemia, muscle atrophy) with biomedical solutions (e.g., diet, exercise program, blood transfusion, psychological support). 



Figure 10.1  Cycle of self-perpetuating fatigue. Sedentary habits can transform cancer-related fatigue into chronic fatigue. 

Adapted from Lancet Oncology, Vol 4, A. Lucia, C. Earnest, and M. Perez, “Cancer-related fatigue: How can exercise physiology assist oncologists?” pgs. 616-625. Copyright 2003, with permission of Elsevier. 
The net balance is that the cumulative effects of the disease, its treatment, and reduced physical activity will have repercussions on the musculoskeletal and cardiorespiratory systems. Thus, the cancer patient and the cancer survivor find that daily activities take much more effort and demand more effort than previously. A number of studies have shown that exercise training improves cancer-related fatigue in adult patients and survivors with the outcome of improved health, well-being, and QoL (15, 28, 30, 32-34, 38, 64, 81, 106, 133, 149). Some authors have even reported that exercise can improve the survival rate after diagnosis of breast cancer (65, 103) and prostate cancer (9, 10, 45). The explanation for this could be improved oxygen transport to the muscles, cardiac dynamics, and muscle function (i.e., increased mitochondrial density, improved muscle fiber vascularization, cardiac ejection fraction, muscular efficiency) (79). 
Lymphedema
In cancer patients, lymphedema can occur after lymphadenectomy (surgical removal of lymph nodes) or after radiotherapy that affects lymph nodes. Treatment procedures (lymphadenectomy, radiotherapy) produce partial blockage of the lymph system because of a lower number of lymph nodes or a diminished lymph flow or both. These abnormal conditions usually result in accumulation of interstitial fluid and cause inflammation and swelling due to lymph fluid buildup, in turn caused by blockage of the lymph system in the extremities (upper, lower, or both). This pathological dysfunction in the lymphatic system is called lymphedema. 
Chronic lymphedema in the upper extremities is a common secondary effect in breast cancer, but the incidence data of lymphedema after breast cancer are not consistent (101), possibly due to differences in some study variables (e.g., diagnosis, patient characteristics, inadequate follow-up). These differences in study variables result in the prevalence of arm lymphedema ranging from 8% to 56% at two years postsurgery (85, 98, 108, 143). Lower extremity lymphedema has the highest incidence in uterine cancer, prostate cancer, lymphoma, or melanoma (101), with the highest prevalence (36%) in vulvar cancer survivors (7). 
Lymphedema may occur within days and up to 30 years after breast cancer treatment (137). Approximately 80% of women with lymphedema experience its onset within three years after axillary lymph node dissection (ALND) surgery. For women without lymphedema for three years after ALND surgery, the ongoing risk of developing lymphedema is about 1% per year for at least 20 years (109). A recent surgical technique called sentinel lymph node biopsy (SLNB) is used to diminish the prevalence of lymphedema. A sentinel lymph node is the node to which tumor cells are most likely to spread from a primary tumor (101). It is determined whether postsurgery tumor invasion of the sentinel lymph node is occurring, and if this is not the case, only one lymph node needs to be removed and the risk of lymphedema is lowered. If the sentinel node is invaded, lymphadenectomy usually must be performed, and the risk of lymphedema is increased. Celebioglu and colleagues (18) observed an incidence of lymphedema of 20% in an ANLD group compared with an incidence of 0% in a SLNB group. The rate of breast cancer lymphedema after SLNB ranges from 5% to 17%, depending on the diagnostic threshold and length of follow-up (68, 152), and most lymphedema diagnosed is mild (43). 
Breast cancer lymphedema usually affects the ipsilateral hand or arm as a result of dissection and irradiation of the axillary lymph nodes (97). Health care professionals often warn patients that they should avoid intense upper body exercise due to concern about causing lymphedema (71), but to date there are no data to support a link between upper body exercise and breast cancer–related lymphedema (21, 54, 89). In fact, the incidence of upper body limb swelling is similar, the severity of self-reported lymphedema reduced, and the incidence of lymphedema exacerbations lower in breast cancer patients performing resistance training (including upper body resistance training) compared to a control group performing no training (129). The reduction in lymphedema may be due to several physiological changes associated with long-term exercise (i.e., increased sympathetic outflow, increased muscular contractions, increased ventilation) that could favor lymph return to the blood (88) and lymphangiogenesis or recruitment of dormant lymph vessels as possible outcomes of exercise training (76). 



Common Medications Given to Individuals With Cancer 
As previously discussed, there are four main types of treatment for cancer: surgery, radiation, chemotherapy, and biological therapies. In this section we focus on the most common medications used during cancer treatment and their side effects—first chemotherapy medications and then hormone therapy. See medications table 10.1 near the end of the chapter, which lists the most common medications used to treat cancer, along with those medications’ most common side effects and effects on exercise. 
Chemotherapy Medications
Tumors are dependent on their own cell reproduction capacity (i.e., to grow, to disseminate), so drugs that interfere with enzyme function or substrate utilization related to DNA synthesis or function can interfere with tumor growth. Chemotherapy drugs are divided into groups differentiated by the mechanism of action that interferes with tumor growth (4, 93, 101). 
Alkylating Agents
These drugs work in all phases of the cell division cycle by bonding to DNA nucleotides, preventing the normal processes of replication, gene transcription, and translation. They are used to treat many different cancers (e.g., leukemia, lymphoma, Hodgkin disease, multiple myeloma, sarcoma, lung, breast, ovarian). However, they can produce long-term side effects to bone marrow; and in rare cases, acute leukemia may develop with high doses. Alkylating agents are divided into several types (4): 
 
	Nitrogen mustards (e.g., mechlorethamine, chlorambucil, cyclophosphamide [Cytoxan], ifosfamide, and melphalan)
	Nitrosoureas (e.g., streptozotocin, carmustine [BCNU], lomustine)
	Alkyl sulfonates (e.g., busulfan)
	Triazines (e.g., dacarbazine [DTIC], temozolomide [Temodar])
	Ethylenimines (e.g., thiotepa, altretamine [hexamethylmelamine])
	Platinum drugs: sometimes grouped with alkylating agents because they have the same mechanism of action (e.g., cisplatin, carboplatin, oxaliplatin); these drugs have a lower risk of leukemia development 

Antimetabolites
These drugs work during the S phase, when the cell’s chromosomes are being copied (4). They block purine and pyrimidine synthesis and distort the normal synthesis of DNA and RNA. They are used to treat many different cancers (e.g., leukemia, breast, ovarian, intestinal tract) and are the drug most used to treat cancer (4): 5-fluorouracil (5-FU), 6-mercaptopurine (6-MP), capecitabine (Xeloda), cytarabine (Ara-C), floxuridine, fludarabine, gemcitabine (Gemzar), hydroxyurea, methotrexate, and pemetrexed (Alimta). 
Antitumor Antibiotics
These drugs are different from antibiotics used to treat infections. They function by being interspersed among DNA base pairs, preventing normal function, and block cell growth and multiplication. They are divided into several types (4): 
 
	Anthracyclines: These interfere with enzymes involved in DNA replication and work in all phases of the cell division cycle. They are extensively used to treat most cancers (4). However, they have dangerous side effects because in high doses they can produce permanent heart damage (4). Daunorubicin, doxorubicin (Adriamycin), epirubicin, and idarubicin are the drugs in this class most often used (4). 
	Other antitumor antibiotics (not anthracyclines): Actinomycin-D, bleomycin, mitomycin-C, and mitoxantrone work as a topoisomerase II inhibitor. 

Topoisomerase Inhibitors
These drugs interfere with topoisomerases (enzymes), which help separate the strands of DNA to be copied during the cellular S phase (4). They are used to treat many different cancers (e.g., certain leukemias, lung, ovarian, gastrointestinal) and are divided in two types depending on the enzyme they affect (4): 
 
	Topoisomerase I inhibitors: Topotecan, irinotecan (CPT-11).
	Topoisomerase II inhibitors: May augment the risk of a second cancer (acute myelogenous leukemia [AML]). Etoposide (VP-16), teniposide, and mitoxantrone (also work as an antitumor antibiotic) are the most frequently used of this type of drug (4). 

Antimitotic or Mitotic Inhibitors
These drugs interfere with the structure and function of cellular microtubule apparatus. They stop mitosis in the cellular M phase and also can damage cells in all phases of cell replication by slowing enzymes necessary to synthesize proteins needed for cell reproduction (4). They are used to treat many different cancers (e.g., breast, lung, myelomas, lymphomas, leukemias), but may cause nerve damage (4). This class of drugs is divided in many types; these are some examples (4): 
 
	Taxanes: paclitaxel (Taxol) and docetaxel (Taxotere)
	Epothilones: ixabepilone (Ixempra)
	Vinca alkaloids: vinblastine (Velban), vincristine (Oncovin), and vinorelbine (Navelbine)
	Estramustine (Emcyt)

Corticosteroids
These are hormones with a powerful anti-inflammatory effect useful in the treatment of many types of cancer and other diseases. They are used in patients with cancer to help before chemotherapy in the prevention of severe allergic reactions and after chemotherapy in the prevention of nausea and vomiting (4). As catabolic agents, they can produce long-term side effects in all body tissues (e.g., muscle atrophy, osteopenia–osteoporosis, immunosuppression) (102). Examples of corticosteroids are (4) prednisone, methylprednisolone (Solu Medrol), and dexamethasone (Decadron). 
Other Chemotherapy Drugs
These drugs do not fit into the previous categories. Examples of these drugs (4) are L-asparaginase (enzyme) and proteasome inhibitor bortezomib (Velcade). 
Hormone Therapy
As previously discussed, hormone therapy is a frequently used treatment for some types of cancer, especially breast and prostate cancer (141). 
Hormone Therapy Against Breast Cancer
The objective of hormone therapy for breast cancer is to lower estrogen levels as much as possible (4). Following are the most important hormone therapy drug groups (4, 101): 
Drugs that block estrogen:
 
	
Selective estrogen receptor modulators (SERMs): These work as estrogen antagonists in some tissues and as agonists in others (e.g., tamoxifen blocks estrogen in breast tissue but works like estrogen in the uterus and bone tissue). Side effects include (4, 101) fatigue, hot flashes, vaginal dryness in women, impotence in men, mood changes, depression, loss of libido, cataracts, increased risk of endometrial and uterine cancer, increased risk of blood clots especially in lungs and lower extremities (e.g., pulmonary embolism, deep venous thrombosis), heart attack, stroke, and bone loss in premenopausal women; but these drugs often have a positive effect on bone health in postmenopausal women. The following are the most commonly used drugs in this class of drugs (101): tamoxifen (Nolvadex), raloxifene (Evista), toremifene (Fareston). 
	
Other anti-estrogen drugs: These drugs work by temporarily blocking the estrogen receptors in all tissues (4). Side effects include (4, 101) hot flashes, night sweats, mild nausea, gastrointestinal symptoms, loss of strength, fatigue, pain, bone loss (sometimes resulting in osteopenia–osteoporosis and fractures). The most common anti-estrogen drug is fulvestrant (Faslodex) (101). 

Treatments to lower estrogen levels:
 
	
Aromatase inhibitors (AIs): These drugs block the enzyme aromatase in fat tissue. Fat tissue in postmenopausal women produces a small quantity of estrogen. Aromatase inhibitors cannot block the normal estrogen production of the ovaries, so they are effective only in women with nonfunctioning ovaries due to menopause or to treatment for ovarian suppression (see the next point). Side effects include (4, 101) mood changes, depression, heart attack, angina, heart failure, hypercholesterolemia, muscle and joint pain, joint stiffness, and bone loss (sometimes resulting in osteopenia–osteoporosis and fractures). The most common drugs in this class are (101) letrozole (Femara), anastrozole (Arimidex), and exemestane (Aromasin). 
	
Ovarian suppression or ablation: In premenopausal women, the ovaries are the main source of estrogens. One way to suppress estrogen is to remove the ovaries or prevent them from producing estrogen. Permanent ovarian suppression or ablation can be done surgically (oophorectomy, removal of the ovaries). However, in most instances, drugs resembling luteinizing hormone-releasing hormone (LHRH) are used to suppress the ovaries’ production and release of estrogen. After ovarian suppression, the woman is in a postmenopausal state, and this allows other hormone therapies to be more beneficial. Side effects include (4, 101) hot flashes, night sweats, vaginal dryness, mood changes, depression, loss of libido, and bone loss (sometimes resulting in osteopenia–osteoporosis and fractures). The most common drugs used in ovarian suppression are (101) goserelin (Zoladex) and leuprolide (Lupron). 

Hormone Therapy Against Prostate Cancer
The objective of hormone therapy for prostate cancer is to lower androgen levels (e.g., testosterone) as much as possible (4). The principal androgen source in men is the testes; a small quantity is also produced by the adrenal glands, and prostate cancer tissue can produce testosterone as well (4, 111). The most important hormone therapy drug groups to treat prostate cancer are as follows (4, 101). 
Hormone therapy that lowers androgen levels:
 
	
Orchiectomy: This is a surgical procedure in which one or both testicles are removed; this reduces blood testosterone levels by 90% to 95% (116). In a procedure termed subcapsular orchiectomy, only the tissue that produces androgens is removed, rather than the entire testicle (101). 
	
Luteinizing hormone-releasing hormone (LHRH): These drugs are termed LHRH agonists, LHRH analogues, or gonadotropin-releasing hormone (GnRH) agonists. These drugs are synthetic proteins that bind to the LHRH receptor in the pituitary gland, which decreases the production of luteinizing hormone, resulting in less production of testosterone and lowering testosterone levels. Initially LHRH analogues result in a phenomenon termed “flare,” in which testosterone levels increase briefly; they then decrease to low levels. Men with metastases to bone may have bone pain during flare, in which case antiandrogen drugs can be given to reduce the pain. The most common drugs in this class are leuprolide (Lupron, Eligard), goserelin (Zoladex), triptorelin (Trelstar), and histrelin (Vantas) (101). 
	
LHRH antagonists: These are also termed GnRH antagonists and work as LHRH analogues. These drugs decrease testosterone levels faster and without flare compared to LHRH agonists. The most commonly used drug in this class is degarelix (Firmagon) (101). 
	
Abiraterone (Zytiga): This is an androgen biosynthesis inhibitor. Even when testicle secretion of androgens is under control, other cells can produce small amounts of androgens (e.g., adrenal glands, prostate cancer tissue). Abiraterone blocks the enzyme CYP17 and significantly reduces androgen production by other cells (4, 111). Other less used androgen synthesis inhibitors are ketoconazole and aminoglutethimide (101). 

Drugs that stop androgens from working:
 
	
Antiandrogens: These drugs block androgen binding to androgen receptors (4). Treatment with antiandrogens in combination with orchiectomy or a LHRH agonist is termed combined, complete, or total androgen blockade (101). The drugs most commonly used in this class are flutamide, enzalutamide, bicalutamide, and nilutamide (101). 
	
Enzalutamide (Xtandi): This is an antiandrogen that stops androgens from binding to coactivator proteins after being transported into the cell, a needed step for the androgen to cause protein synthesis. Antiandrogens can help diminish tumors and augment survival in men with advanced prostate cancer (4). 

These are the common side effects of hormone therapy (orchiectomy, LHRH analogues, and LHRH antagonists) in prostate cancer: hot flashes, loss of libido, changes in mood, depression, erection problems, growth (gynecomastia) and tenderness of breast tissue, shrinkage of testicles and penis, muscle atrophy, reduced muscle strength, bone loss (sometimes resulting in osteopenia–osteoporosis and fractures), anemia, high cholesterol, weight gain, lower mental sharpness, fatigue, and increased risk of hypertension, diabetes, liver damage, stroke, heart attack, and death from heart disease (4, 101). 



Effects of Exercise in Individuals With Cancer 
Exercise both during and after treatment is an effective tool to improve functional capacity (O2max), strength, functional mobility (i.e., improving balance will lower the risk of falls and fractures), fatigue, psychological well-being (i.e., reducing the risk of anxiety and depression), and health-related QoL in cancer patients and survivors (21, 46, 50, 72, 79, 90, 123). However, the benefits of physical training may vary according to the type of cancer and treatment; the stage of disease; the mode, intensity, and duration of the exercise program; and the current lifestyle of the patient (72). Most studies on this topic conducted on adults have focused on patients with breast cancer (13, 20, 26, 27, 41, 62, 63, 67, 73, 75, 81, 89, 95, 105, 115, 125, 127, 131-135, 144, 150, 155, 156, 164), prostate cancer (14, 22, 23, 47, 48, 70, 78, 136, 146, 154, 157, 158), and a few other types of cancer (1, 2, 8, 17, 33-37, 39, 56-59, 91, 92, 94, 100, 110, 112, 113, 151, 159). Studies performed in children have included pediatric leukemia (40, 74, 82, 121, 122) and other cancer types (19, 69, 120). There is still, however, much research needed in this area. 
Key Point
Both resistance training and aerobic endurance training provide a number of benefits for cancer patients related to health, physical conditioning, and quality of life. 
Resistance Training Research
Some research has examined the positive effects of resistance training alone on patients’ health and QoL (13, 47, 92, 105, 112, 113, 125-129, 136, 157, 158). Also some studies have assessed the benefits of combined aerobic and resistance training (1, 14, 20, 22, 36, 62, 67, 73, 82, 110, 120-122, 144), and some have compared aerobic to resistance training (27, 125, 126, 150). Currently there is no information concerning the effect of changes in specific training variables (i.e., volume, intensity or load, duration of rest periods, frequency of training, and training velocity) on training outcomes, so more research is needed to address these issues. 
During treatment (see table 10.1) and after treatment (see table 10.2), resistance training and combined aerobic and resistance intervention studies in cancer patients and survivors, in both adults and children, have reported improvements in many areas: 
 
	Functional capacity (O2max) or aerobic performance (1, 20, 22, 23, 36, 48, 57, 62, 73, 112, 120, 122, 144, 150) 
	Muscular strength (1, 20, 22, 23, 27, 47, 48, 57, 62, 73, 82, 92, 105, 120-122, 127-129, 136, 144, 150, 157)
	Functional mobility (8, 13, 22, 47, 48, 62, 120-122, 150)
	Physical activity level (23, 67, 115)
	Flexibility–ROM (range of motion) (20, 73, 82, 91, 92)
	Bone mineral density (47, 113)
	Body composition (19, 22, 23, 27, 56, 62, 105, 127)
	Total energy expenditure (56)
	Weight loss (115)
	Weight gain (19)
	Total cholesterol: high-density lipoprotein cholesterol ratio (22)
	Pain (67, 91, 92, 150)
	Fatigue (22, 36, 112, 125, 136, 144)
	Psychological well-being (20, 22, 27, 105, 110)
	Quality of life (14, 20, 58, 62, 73, 105, 120, 125, 136)
	Resting systolic pressure (73, 115)
	Prostate-specific antigen (PSA) levels (136)
	Sexual function (22)
	Insulin-like growth factor (IGF)-II levels (which are significantly reduced) (127)

Studies of resistance training and combined aerobic and resistance intervention studies in cancer patients and survivors have also reported lower incidence or recurrence of breast cancer–related lymphedema (128, 129), lower severity of breast cancer–related lymphedema (129), no delayed immunologic recovery (19, 59), and improved chemotherapy completion rates (27). 












Follow-up after an exercise program intervention (two to six months) was completed by a few researchers (26, 48, 63, 122, 150), and some of these studies indicate sustained improvement in functional capacity (O2max) or aerobic performance (48, 122), muscular strength (48, 63, 122), functional mobility (48, 63, 122), and psychological well-being (26, 48) and QoL (63) compared to baseline. Most of these findings could be the consequence of the high level of deconditioning of cancer patients and survivors, such that any small stimulus such as a short exercise program (e.g., eight weeks) may lead to the partial recovery of the patient’s normal physiological and psychological characteristics. However, more work is needed to elucidate the long-term beneficial effects of resistance exercise training in cancer patients and survivors. 
Aerobic Training Research
A number of exercise interventions in cancer patients and survivors have focused on aerobic training (17, 24, 33, 34, 37-39, 41, 69, 70, 74, 95, 132, 135, 155, 156, 164). 
During treatment (see table 10.3) and after treatment (see table 10.4), aerobic intervention studies in adult and child cancer patients and survivors have indicated a reduction in nausea (155), improved functional capacity (O2max) or aerobic performance (2, 17, 29, 35, 39, 70, 81, 135, 142, 154), greater functional mobility (34, 95, 132, 134), improved body composition (156), reduced fatigue (2, 17, 34, 95, 132, 133, 142, 164), increased psychological well-being (29, 37, 95), and improved hematologic and immune system variables (33, 39, 41, 74, 100). 











Exercise Recommendations for Clients With Cancer 
Although resistance and aerobic training guidelines can be postulated from the research performed to date, more research is needed to develop more defined training guidelines. Thus, the training guidelines presented should be considered not definitive, and, as is standard practice, they should be modified to meet the needs and medical condition of individual cancer patients. 
The goals of an exercise program designed for healthy people similarly apply to cancer patients and survivors, and any individualized exercise program should be safe, effective, and enjoyable for the person for whom it is intended. The components of the exercise prescription (i.e., the mode, frequency, intensity, duration, and progression) depend on the type of cancer and the health and treatment status of the cancer patient or survivor. In short, however, the most important guideline is to avoid inactivity (96, 145). 
Physical exercise programs are safe and well accepted by cancer patients, even those who have undergone hematopoietic stem cell transplantation (5, 46, 49, 72, 76, 79, 90, 96, 123, 160).
For clients who do not have impaired physical functioning, begin the exercise program with light to moderate walking at a self-selected intensity based on the person’s exercise tolerance, and gradually progress to more vigorous walking or other large muscle group activities. The initial exercise duration is what the client can tolerate, but the goal, over a four-week period, is to gradually increase to 40 minutes (20 minutes if the aerobic workout is combined with a resistance training workout) (96). Progression should be more gradual for deconditioned clients or those who are experiencing severe treatment side effects (25, 79, 123). 
Key Point
Physical exercise programs are safe and well accepted by cancer patients. In fact, inactivity should be avoided.
As usual, the exercise session should be divided into a warm-up (i.e., light aerobic exercise and stretching of all major muscle groups), a main exercise period (i.e., aerobic exercise, resistance training, or both), and a cooldown period (i.e., light aerobic exercise and stretching again). The exercise program should focus on physical activities that use large muscle groups rather than small groups, since most daily living tasks depend on these large muscle groups. Session design and exercises must be modified according to the acute or chronic treatment effects of surgery, chemotherapy, or radiotherapy. For example, if the client shows signs of fatigue during the session, then it should be divided into shorter periods of exercise with frequent rest periods. 
Based on the cancer exercise guidelines available in the literature (5, 25, 46, 49, 51, 60, 92, 96, 123, 130) and the experience of the authors of this chapter (6, 19, 61-63, 79, 80, 119-122), the recommendation can be made for an individually supervised combined (aerobic, resistance, and flexibility training) exercise program for adults (see table 10.5) or children (see table 10.6). A program should be targeted at improving strength, functional mobility, flexibility, body composition, and aerobic conditioning, as well as psychological well-being and physical-related QoL. 








Special Considerations in Cancer Training Prescription
Cancer patients and survivors should always check with their physician or other health care professional before starting any exercise program. This is especially important when the client is receiving treatment that affects the lungs (e.g., bleomycin, chest radiation therapy) or heart (e.g., doxorubicin, epirubicin, anthracycline) or when the client has a risk of lung or heart disease. More research is needed to establish the minimum platelet count and hemoglobin levels needed to ensure safety of training interventions, especially for inpatients. Preliminary data from Chamorro-Viña and colleagues (19) suggest that training during the neutropenic phase in childhood solid tumor treatment following hematopoietic stem cell transplant with a neutrophil count <0.5 × 109/μL does not increase risk of adverse events. So far, no detrimental effects of exercise training in cancer patients and survivors have been reported (5, 46, 60, 72, 79, 90, 123). However, in some established conditions, certain precautions must be taken when prescribing exercise in certain types of clients (see table 10.7). 




The conditions listed in table 10.7 can lead to more physical problems if they are not taken into account when planning an exercise program. Moreover, side effects caused by the disease and treatment (e.g., nausea, extreme fatigue or muscle weakness or both, dyspnea, pain) may make it difficult for the client to complete the training during an exercise session. In this situation, the client is told to reduce the intensity of exercise or cease immediately depending on the side effects, and to consult with his physician or other health care professional as soon as possible. 
Cancer-Related Lymphedema: Special Considerations
Exercise, and more specifically resistance training, is safe for breast cancer survivors with and at risk of lymphedema (5, 21, 107, 128, 129). However, vigorous upper body exercise should be performed with caution: Reduce resistance or stop specific exercises according to symptom response (128, 129). Precautions such as wearing compression sleeves, lifting the arm above the head after exercise, and active light recovery may facilitate lymph return after exercise (76, 128, 129). 
There are no data on safety of resistance training in lower limb lymphedema secondary to a gynecologic cancer, and it is not possible to extrapolate the exercise knowledge on upper limb lymphedema. So proceed with caution (i.e., reduce resistance or stop specific exercises according to symptom response) if lymphedema occurs with lower limb exercise (128, 129). 
Program Design Guidelines for Clients With Cancer
For a healthy person not accustomed to physical exercise, embarking on an exercise program can be difficult, and this is even more difficult if the person has a chronic illness such as cancer. 
Alternative forms of physical activities (e.g., yoga, tai chi, dancing, soccer) in which exercises are performed in the company of others often help encourage training consistency and exercise performance and improve the physical and psychological well-being of cancer patients and survivors (16, 77, 146, 163). 
In clients undergoing high-dose treatment (chemo or radiotherapy) or a recent hematopoietic stem cell transplant, exercise sometimes has a strong physical stabilization effect (i.e., maintaining physical performance and decreasing some of the detrimental physical effects of treatment) and has been related to greater positive effects than exercise performed during periods of lower treatment intensity or after treatment (91, 96, 131, 160). 
The exercise program should be individually supervised (96) since previous research has identified greater strength gains in a supervised program in healthy clients (87). In addition, research has revealed significantly greater gains in aerobic, muscle, and QoL variables (120-122) in supervised programs (96) than in home-based exercise programs in the same type of patient population (82). It is also recommended that supervised exercise programs be a part of the routine intrahospital therapy administered to cancer patients, even those in the initial stages of a hematopoietic transplant (120). Once the patient has left the hospital, continuing with a supervised exercise program during treatment and once treatment is complete can help the client fight the later effects of the disease and treatment by adopting healthy habits that can improve physical performance, fatigue, well-being, QoL (26, 62, 122), and rate of survival (10, 65, 103). Although physicians and oncologists could set up a small intrahospital exercise facility for patients, it may be more efficient to refer patients to exercise professionals with qualifications in clinical exercise who could conduct an exercise program with this patient population (96). 
As previously explained, aerobic training should begin with walking and should later consist of any type of exercise that is easily accessible, such as walking, cycling, or gardening (96) or, in the case of children, aerobic games. Resistance training should consist of at least one exercise for all major muscle groups. Progression of exercise volume and intensity should be gradual and individualized. For clients severely affected by their condition, medical treatments, or both, or those who are highly deconditioned, an exercise program should begin at a lower level and make gradual progressions as tolerated (see table 10.8) since there can be very large fluctuations in a client’s physical functioning from day to day (96). 




Cancer

Case Study

Mrs. O is a 50-year old postmenopausal woman with breast cancer in her last phase of treatment. She had a tumor T1N1M0. The oncologist removed the tumor surgically and Mrs. O underwent chemotherapy. The oncologist recommends she start an individualized physical exercise program to become more physically fit to improve her overall health and QoL. She is very deconditioned (O2max of 15 ml · kg−1 · min−1) and is overweight with a body mass index of 27 kg/m2. She has no relevant side effects except slight anemia, thrombocytopenia, and fatigue. 

Mrs. O must begin her exercise program with light exercise because she has anemia and cancer-related fatigue. It is also recommended that she avoid physical activities with a high risk of falling and contact (i.e., contact sports, mountain biking). 

Her program should start with light-intensity activity three times a week. The initial intensity should be lower than recommended for cancer patients, and she will progress as her physical condition, health, and psychological status allow. The aerobic part of training will start at 50% MHR (or lower, based on what she can tolerate) for a duration of 10 minutes in a safe environment (e.g., walking). If it is necessary due to the patient’s fatigue, she can divide the 10 minutes into smaller segments (e.g., two intervals of 5 minutes, five intervals of 2 minutes). The strength training will start with eight exercises or fewer of the major muscle groups at 30% 1RM and one set per muscle group. The flexibility exercise will start with two sets per muscle area during 10 to 30 seconds. 

Recommended Readings

American Cancer Society. Cancer Facts & Figures. www.cancer.org. Accessed October 28, 2016.

American College of Sports Medicine, Schmitz, KH, Courneya, KS, Matthews, C, Demark-Wahnefried, W, Galvão, DA, Pinto, BM, Irwin, ML, Wolin, KY, Segal, RJ, Lucia, A, Schneider, CM, von Gruenigen, VE, and Schwartz AL. American College of Sports Medicine roundtable on exercise guidelines for cancer survivors. Med Sci Sports Exerc 42:1409-1426, 2010. 

Courneya, KS and Friedenreich, CM. Physical activity and cancer: an introduction. In Physical Activity and Cancer. Berlin, Heidelberg: Springer, 1-10, 2010. 

Irwin, M. ACSM's Guide to Exercise and Cancer Survivorship. Champaign, IL: Human Kinetics, 2012. 

Moore, G, Durstine, JL, Painter, P, American College of Sports Medicine. 2016. ACSM's Exercise Management for Persons With Chronic Diseases and Disabilities. 4th ed. Champaign, IL: Human Kinetics, 2016. 




Conclusion 
Exercise programs for cancer patients and survivors are safe and necessary in order for them to recover their health and quality of life, with multiple studies showing that exercise has positive effects on multiple relevant variables (i.e., muscle strength, cardiorespiratory fitness, and quality of life). Exercise during the first and more intense treatment phases should be supervised and preferably located at a hospital. Once cancer patients have progressed into later phases of treatment, community physical activity programs supervised by health and exercise professionals, or, if this is not possible, home-based physical activity programs, are recommended. Cancer patients should always be encouraged to follow an active lifestyle. 
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Study Questions
 
	Which of the following is a unique characteristic of benign tumors? 	angiogenesis
	resisting cell death
	reprogramming of energy metabolism
	unregulated cell growth without metastasis


	All of the following are components of a classification scheme to stage a cancer process except 	node
	tumor
	mutation
	metastasis


	Which of the following is most likely to be classified as a late side effect of cancer treatment? 	nausea
	hair loss
	loss of appetite
	pulmonary fibrosis


	Which of these statements on exercise guidelines for cancer patients is most accurate? 	Resistance exercise should be done no more than once per week.
	Duration of a flexibility exercise should be only 5 seconds per repetition.
	Aerobic exercise should begin as tolerated and progress to 40 minutes.
	Rest between sets of resistance exercises should be 5 minutes or greater.






















Chapter 11
Children and Adolescents 
Avery D. Faigenbaum, EdD, CSCS, CSPS, FNSCA
After completing this chapter, you will be able to
 
	recognize the impact of physical inactivity on disease risk and lifetime health;
	understand the fundamental principles of pediatric exercise science;
	explain the benefits of regular physical activity on health and fitness performance in school-age youth; and
	design an exercise program for children and adolescents that is safe, effective, and developmentally appropriate.

Physical activity is essential for normal growth and development in children and adolescents. In addition to enhancing cardiovascular fitness, musculoskeletal strength, metabolic health, and mental well-being, participation in games, sports, and free play provides youth with an opportunity to make friends, have fun, and learn something new (55). From a developmental perspective, children who are physically active early in life have an opportunity to develop and reinforce prerequisite motor skills and physical abilities that underlie participation in health-enhancing physical activity later in life (20, 23). Furthermore, an emerging body of evidence suggests a positive association between physical activity and cognitive performance in school-age youth (21, 34, 54). 
Global health recommendations state that children and adolescents should accumulate at least
60 minutes of moderate to vigorous physical activity (MVPA) daily as part of play, sports, transportation, recreation, physical education, and planned exercise (100). Since children are not simply miniature adults anatomically, physiologically, or developmentally, physical activity programs for younger populations need to be developmentally appropriate, sustainable, and enjoyable if the health and fitness benefits are to be realized and long-lasting. Adult exercise programs and training philosophies are suboptimal for school-age youth, who are active in different ways and for different reasons than older populations. Exercise professionals need to be aware of the physical and psychosocial uniqueness of younger populations and mindful of the special needs of children and adolescents with medical ailments. 
In order to create and sustain an infrastructure that promotes physical activity for all youth, particularly those who are at risk for physical inactivity, it is important to recognize the impact of physical inactivity on long-term health and well-being, understand the fundamental principles of pediatric exercise science, and appreciate the multiple benefits of MVPA for physical, mental, and cognitive health. This chapter reviews contemporary trends in physical activity behavior among youth, benefits of regular MVPA, basic growth and development cycles, and physiological responses to exercise in children and adolescents. Specific exercise recommendations and strategies for implementing youth programs are also explored. In this chapter, the term children refers to boys and girls who have not yet developed secondary
sex characteristics (roughly up to the age of 11 years in girls and 13 years in boys), and the term adolescence refers to a period of time between childhood and adulthood. Secondary sex characteristics are features that appear at sexual maturity and include growth of body hair, breast development in girls, and increased muscle mass in boys. The terms youth and pediatric are broadly defined to include both children and adolescents. 



Trends in Youth Physical Activity 
Although children tend to be more active than adults, the volume and intensity of daily physical activity among youth have declined over the past few decades (8, 55, 94). Fewer children walk or bike to school, and free-time physical activity participation prevalence is decreasing in children and adolescents (66, 98). The decline in physical activity seems to emerge around age 6 (74, 95), and children with disabilities engage in even less physical activity than their peers who do not have disability (67). Despite the effectiveness of quality physical education, nearly half of school administrators in the United States report cutting significant amounts of time from physical education in order to increase time for reading and mathematics (55). In view of the health, economic, environmental, and social consequences of physical inactivity among youth, this global health issue has been described as a pandemic (57). 
A notable corollary of these troublesome trends in physical inactivity is a low level of muscular fitness and

fundamental
 movement skill competence among school-age youth. Fundamental movement skills are basic movements or skills that can be categorized into three groups: locomotor skills (e.g., running and jumping), object control skills (e.g., throwing and catching), and stability skills (e.g., balancing and twisting). Researchers examined 10-year secular trends in muscular fitness in children and found declines in bent arm hang, sit-up performance, and handgrip strength over the study period (25). Others described 13-year trends in children’s fundamental movement skill competency and reported a consistent and clear association between low competency in fundamental movement skills (especially kicking and throwing) and inadequate levels of cardiorespiratory fitness (53). These findings highlight the importance of enhancing muscular fitness and motor skill performance in youth in order to alter physical activity trajectories and improve health outcomes. 
Contemporary trends in youth physical inactivity have become the biggest public health problem of the 21st century (14), and changes in our current approach to managing this condition are needed to counteract this crisis. In 1961, Kraus and Raab coined the term hypokinetic disease and said that insufficient movement or exercise, particularly in children, was an independent risk factor for the development and progression of chronic diseases including obesity, diabetes, and heart disease (58). They said that physicians need to recognize the harmful effects of underexercise to prevent “motion deficiency” in their young patients (58). The negative consequences of physical inactivity on lifelong health and well-being are so compelling that the term exercise deficit disorder (EDD)
(60) was recently introduced to characterize a condition of reduced levels of MVPA that are inconsistent with current public health recommendations (46, 70, 89). Use of the term exercise deficit disorder may help to raise public awareness and convey a modern-day view of this health care concern. Qualified professionals should identify boys and girls who do not meet daily recommendations for MVPA and subsequently initiate strategies to prevent the upsurge in high-risk behaviors during this critical period of life. Since there are no medications to treat deficiencies in physical activity, age-related exercise interventions that begin early in life are needed to develop healthy habits and optimize health and fitness outcomes. Screening children and adolescents for EDD will encourage early detection and promote intervention before they become resistant to behavior modification, pharmacotherapy, and expensive medical procedures. 
Key Point
Modern-day youth are not as active as they should be, and the decline in physical activity tends to start early in life. Evidence-based strategies and public health policies are needed to identify youth at risk for physical inactivity and promote positive lifestyle choices. 



Benefits of Physical Activity for Children and Adolescents 
Regular participation in MVPA is recognized as a powerful marker of health, and numerous benefits have been reported in the literature (55, 75, 90). Significant gains in measures of health and physical fitness, as well as improvements in psychosocial health outcomes, have been observed following regular participation in exercise and sport programs. Daily physical activity helps to reduce body fat, build skeletal tissue, strengthen muscle, improve blood lipids, enhance aerobic fitness, and reduce symptoms of anxiety and depression in children and adolescents (4, 17, 90). Regular participation in meaningful physical activity also has cognitive effects that can positively influence social self-efficacy and academic attainment in youth (54, 77, 79). 
Because many “adult diseases” are influenced by lifestyle habits established during the growing years, it is important to identify and treat physical inactivity early in life before youth develop bad habits and increase their risk for disease (30, 89). This view is supported by the observation that nearly half of children who become obese between the ages of 5 and 14 years were already overweight when they entered kindergarten (29). Children who are exposed to an environment with opportunities to participate in physical activity early in life are more likely to be active later in life (93). While these observations highlight the significance of establishing healthy behaviors during the growing years, it is important to consider the type of physical activity that provides the foundation for a lifetime of recreation, fitness, and sport. Research indicates that proficiency in fundamental movement skills during childhood best predicts subsequent physical activity and fitness performance later in life (20, 80, 87). Since muscular strength is an essential component of motor skill performance (40, 63), the importance of performing resistance exercise along with fundamental movement skills should not be overlooked in the design of youth programs. 
New insights in the field of pediatric exercise science have highlighted the importance of integrating strength-building and skill-enhancing activities into youth programs to alter physical activity trajectories and reduce associated injury risks (36, 37, 69). Suboptimal levels of physical activity may increase the risk of injury during free play, youth sports, and physical education. In a prospective study that described risk factors associated with injuries in a large group of children, the steepest increase in injury risk was found for the quartile of youth with the lowest habitual physical activity, and the cutoff for this level was 5 hours per week of physical activity (15). These observations are consistent with those of others who noted that young athletes are at greater risk of a sport-related injury if they do not possess adequate muscular strength and physical conditioning (32, 96). While public health actions call for increasing physical activity across the life span (55, 100), participation in MVPA should evolve out of preparatory fitness conditioning that is consistent with the needs and abilities of growing children and adolescents. 



Growth, Maturation, and Physical Activity 
Measures of health and fitness in children and adolescents are in a constant state of change, which makes it more challenging to distinguish maturational differences in physiological measures from training-induced gains in physical fitness. Muscular power, for example, normally improves throughout childhood and adolescence even without participation in a structured training program. Comparing the vertical performance of an 8-year-old child to that of a 16-year-old adolescent supports the premise that physical measures improve over time as a result of growth and maturation. But if an 8-year-old child participates in a well-designed fitness program, jumping performance will improve beyond gains due to growth and maturation. 
Understanding the influence of growth and maturation on measures of physical fitness and possible outcomes of exercise training assists in the design and progression of youth programs. There are considerable interindividual differences in physical development among youth of the same age, and exercise professionals should be mindful of maturity-associated variation in growth and performance. For example, a 12-year-old girl can be taller and more physically skilled than a 12-year-old boy, and two 14-year-old adolescents can have considerable differences in body mass and muscle strength. These differences are related to the timing of puberty,
which can vary from 8 to 13 years of age in girls and from 9 to 15 years of age in boys. Puberty is a process of physical changes related to sexual maturation in which a child’s body matures into an adult body. During this period, the biological and physical changes that occur can influence measures of physical fitness. Although the onset of puberty is typically two years later in males than in females, the age at which puberty begins is influenced by genetics as well as environmental factors, including nutrition, exercise habits, and socioeconomic conditions (63). 
Biological maturation can be assessed in terms of skeletal age, somatic (physique) maturity, or sexual maturity. In females, menarche (first menstrual cycle) is a marker of sexual maturation, whereas in males the best indicators of sexual maturity are physical features called secondary sex characteristics. Secondary sex characteristics can be used to describe pubertal maturation in terms of different stages. The most common staging system was proposed by and named for J.M. Tanner and includes a sequence of stages that progress from Tanner stage 1 (preadolescence) to Tanner stage 5 (mature adult) (92). Criteria for each stage are based on pubic hair growth and breast and genital maturation, and ratings are ordinarily made by observation at a clinical examination. Because of the invasive nature of direct observation of Tanner staging, self-assessment techniques have been used that require children to compare their own sexual characteristics to those of reference drawings or photographs (65). 
Although it is not possible to assess the onset of puberty with body measurements, longitudinal data for height can provide useful information to mark the age at onset of the adolescent growth spurt and the age at the maximum rate of growth (termed peak height velocity or PHV) (63). On average, the age of PHV is about 12 years in girls and 14 years in boys. The age at PHV is an indicator of somatic maturity and can also provide a landmark for other measures of sexual maturation. For example, menarche occurs after PHV in girls (63). Exercise professionals need to be sensitive to interindividual differences in physical appearance and abilities when teaching children and adolescents because considerable variability exists in the age at which youth pass through developmental stages. Boys and girls advanced in maturity are, on average, taller and heavier than their peers who are average (on time) or delayed (late) in maturity status (63). Individual differences in maturity status can influence body size as well as the performance of tasks that require strength, power, and speed. In contact sports, player grouping strategies that are based on physical size or biological maturity may help to protect smaller, later-maturing players as they progress through adolescence. However, emotional and cognitive factors need to be considered when one is asking a player to train or compete with younger or older athletes (64). 
Key Point
Knowledge of growth and maturation can help to explain fluctuations in fitness performance during the growing years and optimize the design of training programs to maximize performance and reduce the risk of injury. 



Effects of Exercise in Children and Adolescents 
Anatomical, physiological, and developmental differences between children and adults influence the responses and adaptations to exercise training. Because children are less mature than adults, the principles of pediatric exercise science have practical implications for exercise professionals who design, implement, and assess youth programs. The information in table 11.1 provides a comparison of physiological performance measures in children and adults. 




Age-Related Differences in Performance
Perhaps the most visible difference between children and adults relates to the relative lack of metabolic specialization in younger populations. Unlike adults, who tend to specialize in sports such as weightlifting or long-distance running, children tend to be “metabolic nonspecialists” with regard to their exercise performance (11). A child who is the strongest in class is likely to be a leader in an aerobic endurance run as well. Laboratory data support the concept that children with a relatively high level of aerobic fitness also have superior performance on anaerobic tests (81). The metabolic uniqueness of children is just one reason why it is important to expose youth to a variety of sports during the growing years. Children who specialize in one sport year-round at the exclusion of other sports may be at increased risk for burnout, social isolation, and overuse injury (32, 71). 
Although our relative understanding of exercise metabolism in youth is limited, a review of early findings based on muscle biopsy data suggests that adenosine triphosphate (ATP) and creatine phosphate (CP) levels at rest are similar to those of adults (33). In terms of exercise-related differences in anaerobic metabolism, children appear to have a faster rate of intramuscular CP resynthesis than adults, which suggests that the capacity of children to perform high-intensity exercise for less than 10 seconds is not impaired (50). However, glycolytic activity appears limited in children as compared to adults (6). Thus, less mature subjects should not be expected to perform as well as adults on short-burst, high-energy activities lasting 30 to 120 seconds. Age-related differences in muscle characteristics (e.g., muscle mass and muscle enzyme activity) as well as hormonal changes during puberty could explain these observations. 
Children typically demonstrate lower levels of blood lactate than adults during submaximal and maximal exercise, which supports the contention that youth have a depressed capacity for glycolytic metabolism (16). However, the rate of elimination of lactate after exercise is the same in youth and adults (50). While different physiological factors may explain child–adult differences in recovery, it is possible that youth may recover faster from high-intensity bouts of physical exertion because they have less to recover from. That is, a lower level of absolute work in children as compared to adults may yield less potential for an absolute reduction in performance. These findings have practical implications for the design of youth programs because, in addition to the training goals, the length of the rest interval between bouts of physical exertion may need to be age related. Research indicates that children may require rest intervals of only 1 minute between sets of resistance exercise to minimize loading reductions and attain the highest possible training volume (48). 
Differences in the cardiorespiratory responses to exercise between children and adults are observable when adults play with children. While resting heart rates are similar between youth and adults, children and adolescents exhibit higher heart rates and lower stroke volumes at all exercise intensities than older populations (81). Since children and adolescents have smaller hearts than adults, and therefore smaller left ventricles, it is not surprising that youth have lower stroke volumes. The higher heart rates children typically exhibit when exercising with an adult are probably an attempt to compensate for the smaller ventricular size and lower stroke volume. However, the heart rate compensation during exercise is somewhat incomplete, as youth show smaller increases in cardiac output at all exercise intensities as compared to adults (81). Maximal heart rates (MHR) do not change appreciably during childhood and early adolescence, and it is not uncommon for a child’s heart rate to exceed 200 beats/min during vigorous physical activity. Therefore, the estimation of MHR by age-based equations is inappropriate for youth under 15 years of age. For older adolescents who want to estimate their MHR, the following formula has been recommended: MHR = 207 − (0.7 × age) [7]. 
The total amount of air a person breathes per minute is called minute ventilation, and this measure is a product of tidal volume and respiratory rate. The tidal volume is the amount of air inspired or expired in a single breath, and respiratory rate refers to the number of breaths per minute. Children and adolescents have a lower tidal volume and higher breathing frequency than adults at all exercise intensities (81). It is normal for healthy children and adolescents to breathe rapidly during vigorous activity because they process a relatively smaller amount of air in absolute terms per minute. However, during maximal exercise, minute ventilation expressed per kilogram of body weight is equal between youth and adults (81). No compelling evidence indicates that the cardiorespiratory responses to exercise in healthy children and adolescents limit exercise performance. 
Trainability of Children and Adolescents
A widely recognized measure of aerobic fitness in youth is termed peak oxygen uptake (peak O2), which can be expressed in absolute (L/min) or relative (ml · kg−1 · min−1) terms. In adults, peak O2 is closely linked to cardiorespiratory fitness and is an established measure of one’s ability to perform prolonged periods of aerobic endurance exercise. In children, peak O2 reflects the physiological functioning of the cardiorespiratory system, but is only weakly related to objectively measured physical activity and aerobic endurance performance (31, 81). Peak O2 per kilogram body weight remains relatively stable over time during the growing years, yet performance on standard field tests such as the 1-mile (1.6 km) run consistently improves. Moreover, during childhood, training-induced gains in peak O2 (about 5-10%) are significantly less than gains typically observed in older populations, which suggests that physiological adaptations to aerobic training in children are maturity dependent (10, 81). For these reasons, exercise professionals who assess endurance performance in younger populations need to be aware of age-related factors when monitoring changes in performance over time. While regular exercise training can enhance aerobic fitness in youth, the influence of age, maturation, and sex on training-induced adaptations during the growing years should not be overlooked. 
Observable gains in muscular strength and muscular power are expected in healthy children and adolescents due to growth and maturation. Although boys and girls do not follow the same rate of change, performance on tests such as the push-up and vertical jump increases from childhood through adolescence for both sexes. In addition to growth-related gains in muscle size, neuromuscular changes in motor unit firing rate, recruitment, or conduction velocity, as well as alterations in muscle pennation angle, contribute to qualitative changes in muscle function during childhood and adolescence (63). 
Following regular participation in a well-designed and -implemented resistance training program, children and adolescents can improve their strength and motor skill performance above and beyond gains due to growth and maturation (38, 61). Of note, relative strength gains of roughly 30% are typically observed following short-term (8 to 20 weeks) resistance training in untrained youth (38). During childhood, training-induced gains in muscular fitness are primarily due to neuromuscular factors (37, 38, 47). However, during puberty, testosterone secretion in males is associated with gains in fat-free mass following resistance training, whereas smaller amounts of testosterone in females limit the magnitude of training-induced increases in muscle hypertrophy (63). Knowledge of the qualitative and quantitative responses and adaptations to exercise training, along with an understanding of realistic outcomes, is important for exercise professionals who monitor changes in performance over time. 
Key Point
Measures of physical fitness are in a constant state of change throughout childhood and adolescence, which makes it more challenging to distinguish maturational differences in performance from training-induced gains in health and fitness. 



Exercise Recommendations for Children and Adolescents 
Children and adolescents are active in different ways and for different reasons than older populations. Enhancing one’s peak O2 or improving one’s blood lipid profile may be a important motivating factor for adults, but most children want to have fun, build friendships, and improve physical skills. Thus, exercise professionals should focus on creating an enjoyable experience whereby youth have an opportunity to learn meaningful content with age-appropriate instruction. 
The dynamic relationship between motor skills, muscular fitness, and physical activity should be reinforced over time with qualified instruction, enthusiastic leadership, and adequate practice time. This concept is consistent with a positive feedback loop whereby youth who gain competence and confidence in their muscular fitness and motor skill abilities will be better prepared to participate in lifetime activities with energy and vigor (41). In turn, this will continue to drive their abilities and willingness to engage in health-, skill-, and performance-enhancing physical activities. Exercise professionals should genuinely appreciate the long-lasting value of enhancing physical literacy, which encompasses an individual’s motivation, competence, and confidence to engage in purposeful physical pursuits (99). The importance of designing programs that provide an opportunity for all youth to enhance their movement repertoire early in life has been proposed in several developmental models of lifetime physical activity (62, 88). 
Global health recommendations state that youth should accumulate at least 60 minutes of MVPA throughout the day (100), yet a continuous bout of sustained physical activity at a predetermined intensity may not be appropriate for most youth. While continuous activity is not physiologically harmful, most youth tend to enjoy nonsustained activities or games that vary in volume and intensity (9). Continuous MVPA without rest or recovery is rare among children. Exercise professionals should carefully design and sensibly progress youth programs
that
are characterized
by
alternate bouts of moderate and vigorous physical activity with brief periods of rest and recovery as needed. Age-related circuit training activities that alternate lower-effort and higher-effort segments and integrate both health- and skill-related components of physical fitness have proven to be beneficial (26, 36, 37). Health- and skill-related components of physical fitness are outlined in table 11.2. 




Key Point
Circuit training activities are a feasible, effective, and time-efficient approach for incorporating moderate- and vigorous-intensity physical activities into youth exercise programs. 
Exercise Guidelines for Children and Adolescents
A prerequisite for the development and administration of safe, effective, and enjoyable youth exercise programs is an understanding of established training principles and an appreciation for the developmental uniqueness of children and adolescents (35). Not only does qualified and enthusiastic instruction enhance participant safety and enjoyment, but direct supervision of youth programs can improve program compliance and optimize outcomes (28, 91). Qualified supervision and basic education on proper exercise technique, skill-based progression, and age-related training principles should be part of all youth exercise programs. Although there is no minimum age requirement at which children can begin exercise training, all participants must be mentally and physically ready to comply with instructions and undergo the stress of an exercise program. In general, most 7- and 8-year-old boys and girls are ready for participation in some type of structured recreation or sport activity (38). 
Exercise professionals who work with adults need to modify exercise guidelines for children and adolescents to better match the physical and psychosocial characteristics of youth. The standard means of assessing aerobic exercise intensity in adults is heart rate monitoring. In one respect, heart rate monitoring is problematic for children who have great difficulty finding and counting their pulse rate during exercise. Moreover, as noted earlier, there is little need for healthy children to monitor their heart rate response because target heart rate formulas are designed for older populations. Generally, observations by the exercise professional may be sufficient for determining children’s physical exertion during their training sessions. 
The aerobic segment of youth programs should include a variety of fundamental movement skills (e.g., balancing, jumping, kicking, and throwing), as well as activities that involve apparatus including hoops, ropes, cones, and playground balls. In addition, physically active but less competitive games can keep children moving and motivated without fear of failure. Inactive youth can begin with 20 or 30 minutes and gradually accumulate at least 60 minutes or more on all or most days of the week. When appropriate, vigorous bouts of activity should be systematically incorporated into the exercise session to optimize training adaptations. 
The importance of integrating resistance training exercises with movement skill activities should not be overlooked. Research demonstrates that resistance training can be a safe and effective way to enhance motor performance in youth provided that age-appropriate training guidelines are followed (13, 39, 45). Bodyweight exercises and different types of equipment, including free weights (i.e., barbells and dumbbells), child-size machines, elastic bands, and medicine balls, can be used in youth resistance training programs. It is important to incorporate multijoint movements in youth programs because these exercises require the coordinated action of many muscle groups. Also, the importance of strengthening the abdominal muscles, hips, and lower back should not be overlooked because low back pain in youth is becoming a public health concern (19). Rest periods of about 1 minute between sets and exercises should suffice for most children, but this may need to be increased if the training intensity increases or if the exercises require a high degree of technical skill (e.g., weightlifting movements) (61). 
Exercise professionals typically recommend a percentage of an individual’s one repetition maximum (1RM) to prescribe an appropriate resistance training intensity. Research indicates that strength and power testing are safe and reliable for children and adolescents when standardized protocols are followed (43, 44). For youth without resistance training experience, the initial program should use a low volume (one or two sets) and a light training intensity (40-60% 1RM) for a range of exercises. Once youth develop basic exercise technique, the resistance training program can be progressed, for example, to two or three sets with a light to moderate training intensity (40-80% 1RM). As youth gain experience resistance training and as exercise technique improves, youth can be introduced to periodic phases of higher external loads (≥80% 1RM) on the proviso that technical competency remains (61). Exercise professionals should observe and monitor participants throughout the resistance training session to minimize the risks associated with fatigue-induced decrements in exercise performance, which may increase the risk of injury. If 1RM testing is not performed, a simple approach is to first establish the repetition range and then determine the appropriate load that can be handled for the prescribed number of repetitions. Youth resistance training guidelines are as follows (38), and program design recommendations are outlined in table 11.3: 
 
	Provide qualified instruction and supervision.
	Ensure that the exercise environment is safe and free of hazards.
	Review proper training procedures and sensible starting loads.
	Focus on correct exercise technique rather than the amount of weight lifted.
	Perform one to three sets of 6 to 15 repetitions on a variety of strength exercises.
	Perform one to three sets of 3 to 6 repetitions on a variety of power exercises.
	Increase the resistance gradually (5% to 10%) as performance improves.
	Begin resistance training two or three times per week on nonconsecutive days.
	Monitor progress and establish realistic expectations.
	Systematically vary the training program to maintain interest and optimize adaptations.
	Encourage youth to ask questions and state their concerns.





Key Point
Supervised exercise interventions that include resistance training are needed to target deficits in muscular fitness and enhance resistance training skill competency. Youth should receive constructive feedback to ensure safe and correct movement skill development. 
While flexibility is a well-recognized component of health-related fitness, long-held beliefs regarding the traditional practice of warm-up static stretching have been questioned. An acute bout of static stretching can have a negative influence on muscle performance, and static stretching immediately before exercise has no significant effect on injury prevention (12, 85). This is not to suggest that children and teenagers should avoid regular static stretching, but rather that exercise professionals should consider the immediate impact of an acute bout of static stretching on performance. The cooldown may actually be the ideal time to perform static stretching exercises because the muscles are already warmed up and participants need to recover from the exercise session with less intense activities. Static stretches should be held for 10 to 30 seconds and repeated two to four times (73). 
Since there is not sufficient scientific evidence to endorse preevent static stretching in youth fitness programs, there has been a rising interest in warm-up procedures that involve the performance of dynamic movements designed to elevate core body temperature, enhance motor unit excitability, improve kinesthetic awareness, maximize active ranges of motion, and develop motor skills (42). This type of preevent protocol is referred to as dynamic warm-up and typically includes low-, moderate-, and high-intensity hops, skips, jumps, lunges, and various movement-based exercises for the upper and lower body. And since equipment is not needed, dynamic warm-up protocols are a cost-effective method for enhancing movement skills that are the basic components of games and sports. 
A well-designed dynamic warm-up can set the tone for the session and establish a desired tempo for the upcoming activities. This concept of instant activity satisfies the need for children, after sitting in school all day, to move when they enter the gymnasium or fitness center and helps to focus their attention on listening and learning (52). In addition, dynamic warm-up activities that are active, engaging, and challenging provide an opportunity for participants to gain confidence in their abilities while practicing a variety of motor skills. A 5- to 10-minute dynamic warm-up typically consists of 8 to 12 movements that progress from less intense to more intense. Participants can perform selected movements in place or can perform each dynamic movement for about 10 yards (about 9 m), rest about 5 to 10 seconds, and then repeat the same exercise for 10 yards as they return to the starting point. Examples of these dynamic movements include high knee lift, woodchopper, torso twist, lunge walk, and lateral shuffle. 
It is important to remember that the goal of children’s exercise programs should not be limited to time spent in MVPA. Teaching children and adolescents proper exercise technique, enhancing performance on a variety of movement skills, and fostering healthy behaviors in a supportive environment are equally important. Consequently, in addition to monitoring the quantity of MVPA, the quality of the “exercise dose” should be carefully prescribed (76). This is where the art and science of developing youth programs come into play, because the principles of pediatric exercise science and skill development need to be coupled with effective learning, mental engagement, and making friends. 
Table 11.4 outlines a sample exercise program for a group of healthy children in an after-school fitness program. Every class begins with dynamic warm-up activities. During the warm-up, children can perform basic locomotor movements (e.g., skipping, jumping, and lateral shuffling), as well as different exercises with lightweight medicine balls (1 to 2 kg),
to reinforce proper movement patterns. If space is limited, modified dynamic warm-up activities can be performed while standing in place. While brief recovery periods between movements are needed, the transition time between movements should be short to maintain interest and reduce the likelihood of off-task behaviors. 




The exercise segment includes a fundamental integrative training (FIT) circuit that is designed to enhance both health- and skill-related components of fitness using different types of equipment, including medicine balls, exercise bands, agility ladders, fitness ropes, punch balloons, and bodyweight exercises (18). While there are literally hundreds of exercises that can be performed, youth programs should follow a simple progression so participants can experience small successes every class. Begin with 30 seconds at 8 to 10 exercise stations and periodically make the movements more challenging as competence and confidence improve. Provide adequate opportunity for participants to perform each exercise correctly at each station before moving to the next station during a short transition period. Once participants master basic skills, allow them to create new exercises so they can apply the skills learned in a positive manner. Play background music during the lesson, and encourage all students to focus on personal improvements while encouraging some to try their best. 
By identifying the health- and skill-related components of physical fitness that are developed at each station, participants have an opportunity to learn about different fitness components and apply movement concepts to future lessons. For less skilled children, use basic exercise movements that enhance movement patterns and spatial awareness. For example, animal activities such as bear crawls, seal walks, kangaroo hops, and inchworms provide an opportunity for youth to explore their environment while developing physical abilities. Children are still learning how to manipulate both their body and objects through space; and activities with colorful punch balloons slow down each movement to a controllable level so young children can master new skills and achieve success. The exercise lesson can end with child-friendly games and cooldown stretching activities. Of note, exercise professionals should allow time for feedback and reflection after every session. Detailed descriptions of age-related exercises and activities are available elsewhere (22, 49, 68). 
Special Considerations for Children and Adolescents Who Are Overweight
The epidemic of pediatric obesity and associated comorbidities has become a critical public health threat with far-reaching health, economic, and social consequences (29, 78). While there is not one program of proven efficacy that professionals can use to manage this condition, multifaceted interventions that include physical activity, nutrition education, and behavior modification offer the best chance for success (3). Although aerobic-type activities are efficacious for reducing percent body fat (56), resistance training has been found to improve insulin sensitivity, enhance self-concept, and reduce abdominal fat in overweight youth (59, 84, 86, 97). 
A major objective of youth exercise programming is for physical activity to become a habitual part of children’s lives and hopefully persist into adulthood. With this objective in mind, exercise professionals must strive to increase participants’ perceptions of their physical abilities and target deficiencies in muscle strength and movement patterns to foster participation in regular physical activity. Most overweight youth find resistance training enjoyable because this type of exercise is not aerobically taxing and provides an opportunity for all youth to experience success and feel good about their performance. This is particularly important for youth who are overweight because they often lack the skills, confidence, and motivation to engage in aerobic exercise (24). 
Since youth tend to be more physically active when in the presence of peers and when relationships are positive and rewarding, resistance training provides a unique opportunity for companionship and recreation. Overweight youth spend more time alone and tend to be more sensitive to any type of peer interaction than nonoverweight youth (83). Therefore, exercise classes that include activities that enhance muscular fitness and promote social networking can provide youth who are overweight with an opportunity to form social networks while gaining confidence in their abilities to be physically active. Thus, the first step in encouraging overweight youth to exercise regularly may be to increase their confidence in their ability to be physically active in a socially supportive environment; this, in turn, may lead to an increase in regular physical activity, an improvement in body composition, and hopefully, exposure to a form of exercise that can be carried over into adulthood. 
Exercise Modifications, Precautions, and Contraindications
There is no scientific evidence to suggest that the risks and concerns associated with exercise in healthy youth are greater than those associated with free play and structured fitness activities. However, children and adolescents with diseases and disabilities including asthma, diabetes mellitus, obesity, cystic fibrosis, and cerebral palsy should have their exercise prescription tailored to their specific needs, abilities, symptoms, and medical condition (2). Medical clearance is recommended for youth with preexisting medical concerns (1). 
While exercise programs for children and adolescents should be supervised by qualified exercise professionals and take place in a well-lit and clean environment, it is important to be aware of risk factors for exercise-related injuries and injury prevention strategies. Exercise training injuries in youth are most often the result of accidents that could be preventable with increased supervision and adherence to safety guidelines. For example, researchers reported that two-thirds of exercise training–related injuries sustained by 8- to 13-year-old patients who reported to emergency departments in the United States were to the hand and foot, and most were related to “dropping” and “pinching,” according to the injury descriptions (72). These observations highlight the importance of close supervision and qualified instruction on the proper use of exercise equipment. 
While an understanding of the fundamental principles of pediatric exercise science is valuable, a key issue is to know how to provide youth with the skills, knowledge, attitudes, and behaviors that lead to a lifetime of physical activity. Exercise professionals need to respect children’s feelings while appreciating the fact that their thinking is different than that of an adult. Exercise programs should be consistent with individual needs and abilities, and the challenges associated with promoting youth fitness should be met with enthusiastic leadership, creative programming, and age-related teaching strategies. Youth should be taught how to perform each exercise correctly and should receive constructive feedback every class. Exercise professionals should provide clear demonstrations of every exercise and regularly remind participants of proper training guidelines and safety rules (e.g., proper footwear, shoes tied, no gum chewing). Modifiable risk factors associated with exercise-related injuries in youth that can be reduced or eliminated with qualified supervision and instruction are outlined in table 11.5 (47). 




Key Point
The focus of youth exercise programs should be on positive learning experiences in which participants have an opportunity to make friends and learn something new while gaining competence and confidence in their physical abilities. 
Another concern involves thermoregulation for the exercising child or adolescent. During exercise, heat production increases and the body must increase blood flow to the skin for heat removal. Children and adolescents have a larger surface area–to–mass ratio than adults, which allows for greater heat exchange (51). When the environmental temperature is lower than body temperature (e.g., in a swimming pool), more heat is dissipated. However, when the environmental temperature is higher than body temperature (e.g., during summer sport practice), less heat will be lost. Failure to effectively remove body heat during strenuous exercise in conditions of high ambient temperature and humidity can result in a decrement in performance and an increased risk for heat-related illness (5, 51). 
In addition to poor hydration status, other determinants of reduced performance and exertional heat illness risk in youth during exercise and sport in a hot environment include undue physical exertion, insufficient recovery between repeated exercise bouts, and inappropriate clothing (27). Exercise professionals need to be aware of thermoregulatory concerns and make the necessary modifications to reduce the likelihood of exertional heat illness. Of note, since youth tend to underestimate the amount of fluid they need to stay hydrated during prolonged periods of exercise, they should be encouraged to consume adequate fluid before, during, and after every exercise session (82). 
Children and Adolescents

Case Study

Damien is 10 years old and attends a primary school that offers physical education only one day per week. Because Damien does not play any sports, his parents were concerned that he wasn’t getting enough physical activity. They learned about an after-school fitness program for primary school students and enrolled Damien in it.
The exercise professional directing the program understands that while youth sport programs are available in most communities, not all boys and girls enjoy intense competition, and the musculoskeletal system of today’s youth may not be prepared for the demands of sport practice and competition. Consequently, Damien’s exercise program should provide him with an opportunity to enhance muscular strength, master fundamental movement skills, and improve movement mechanics while gaining confidence in his abilities to be physically active. In the long run, youth programs that enhance basic motor skills and fitness proficiency while augmenting competence and confidence in one’s abilities are more likely to spark an interest in physical activity as an ongoing lifestyle choice. Focusing only on sport skills at an early age not only limits the ability of children to succeed at tasks outside a narrow physical spectrum, but also discriminates against children whose motor skills are not as well developed. 

The program Damien participates in uses the general structure shown earlier in tables 11.3 and 11.4. Each session is 45 to 60 minutes long and consists of a dynamic warm-up, a FIT circuit, games and activities, and a cooldown. The FIT circuit includes stations using body weight, medicine balls, elastic bands, and other implements and modalities. The games and activities segment generally involves games with beach balls, variations of soccer or hockey, and tag games. 

Following regular participation in the after-school program, Damien made observable gains in muscular fitness; his ability to perform movement skills that required agility, balance, and coordination improved. As the exercise program progressed, Damien was able to perform advanced skills and understand the fundamental concepts of a fitness workout. He made new friends and developed a keen interest in playing soccer during game activities. He now enjoys playing outside with his friends and riding his bike. Due to the remarkable improvements in his physical competence and perceived competence, Damien wants to continue in the after-school program and plans to join a community-based soccer team next season. With ongoing support from his parents, friends, and exercise professionals who enjoy daily MVPA, Damien will develop the fundamental skills, positive attitudes, and prerequisite knowledge needed for participation in exercise and sport for a lifetime. 
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Conclusion 
Throughout childhood and adolescence, the developing body is evolving physically and psychosocially into a mature adult body. Markers of fitness are in a constant state of change, and exercise professionals need to be cognizant of the developmental diversity among youth. Regular participation in free play and structured exercise activities can offer observable health and fitness value to children and adolescents provided that the games and activities are consistent with the needs, interests, and abilities of youth. Developing fundamental movement skills and enhancing muscular fitness early in life are important for ongoing participation in games and sports. The challenges associated with sparking a lifelong interest in daily physical activity should be met with enthusiastic leadership, creative programming, and effective teaching strategies. 
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Study Questions
 
	Throwing and catching are fundamental skills that are further classified as 	hand–eye skills
	propulsion skills
	ball-control skills
	object-control skills


	Which of the following is true regarding physiological differences between children and adults? 	Relative O2 is higher in adults. 
	Maximal heart rate is greater in children.
	Breathing frequency is greater in adults.
	Maximal stroke volume is greater in children.


	Which of the following is true regarding the use of peak O2 as a measure of cardiorespiratory fitness in children? 	Peak O2 relative to body weight increases steadily as children grow. 
	Peak O2 is weakly correlated with aerobic endurance performance. 
	Influences of age, maturation, and sex on peak O2 are similar to those of mature adults. 
	Training-related improvements in peak O2 are similar to those measured in mature adults. 


	Proper training parameters for children and adolescents with no prior training history include 	1 set per exercise, 80% 1RM
	2 sets per exercise, 50% 1RM
	two times per week with 4 or 5 sets per exercise
	four times per week with 1 day off between training days






Chapter 12
Older Adults 
Wayne L. Westcott, PhD, CSCS
After completing this chapter, you will be able to
 
	explain the detrimental effects of inactive aging on muscle, bone, and metabolism;
	explain the beneficial effects of resistance training on muscle, bone, and metabolism in older adults;
	describe the health-related advantages of performing combined resistance training and aerobic endurance exercise with respect to osteoporosis, obesity, type 2 diabetes, hypertension, hypercholesterolemia, and cognitive decline; 
	design an age-appropriate program of resistance training for older adults, including exercise selection, exercise sets, exercise repetitions, training frequency, training progression, movement speed, movement range, and breathing pattern; 
	design an age-appropriate program of aerobic endurance training for older adults, including training frequency, exercise duration, exercise intensity, and exercise selection; and 
	describe effective teaching techniques for educating and motivating older adults with respect to beginning and maintaining a productive exercise program. 

The aging process is accompanied by a variety of physiological changes, all of which present some degree of challenge to health and fitness, including both physical and mental performance. The two primary purposes of this chapter are to examine those physiological aging factors that may be favorably modified by resistance training and aerobic endurance training, and to present the most effective exercise training programs for enhancing health and fitness in older adults. The following areas are addressed, with emphasis on practical application for exercise professionals: physiological changes associated with aging; effects of resistance training and aerobic endurance training on aging factors; and recommended training protocols, procedures, and instructional strategies for older adults. 



Exercise Recommendations for Older Adults 
Aging is accompanied by degenerative responses in essentially all body tissues and systems. With respect to health and fitness, three major areas of concern for older adults are the muscular system, cardiorespiratory system, and brain and nervous system. Muscle loss, which averages 5% to 10% per decade after age 50, is closely associated with bone loss (10% to 30% per decade), as well as metabolic rate reduction (2% to 3% per decade) that typically leads to fat gain and related health issues. Undesirable changes in the aging cardiorespiratory system may result in reduced aerobic capacity (95) and cardiovascular function (111), as well as increased risk of coronary disease (157). 
Key Point
Adults over age 50 who do not perform resistance exercise can lose muscle mass at the rate of 5% to 10% per decade and bone mass at the rate of 10% to 30% per decade. Resistance training is effective for reversing the muscle loss and metabolic decline that accompany inactive aging. 
Muscular System
Muscle plays a major role in health and fitness. Muscle is essential for movement, and without regular movement, health, fitness, and quality of life deteriorate at a rapid rate (153). A lesser-known fact about muscle tissue is that it produces and releases myokines (hormone-like substances) that have endocrine effects on other body organs (141, 142) and may contribute to exercise-induced protection against several chronic diseases (141). Muscular fitness has a profound and pervasive influence on physical function (80, 94), which is especially relevant during the older adult period of life. Research also indicates that muscular fitness may have a positive effect on mental and emotional health in older adults (22, 27). 
After age 30, muscle tissue is lost at the rate of 3% to 8% each decade for people who do not perform resistance training (52). Muscle mass decreases more rapidly after age 50, averaging 5% to 10% each decade (121). By age 60, individuals who do not resistance train may forfeit approximately 1 pound (0.45 kg) of muscle every year of life (135). This reduction in muscle mass adversely affects a variety of metabolic risk factors, including obesity, dyslipidemia, type 2 diabetes, and cardiovascular disease (161). 
Muscle is very metabolically active tissue, even at rest, and therefore has a major influence on resting metabolic rate. In untrained muscle, ongoing protein breakdown and synthesis uses approximately 5 to 6 calories per pound of muscle every day (187). Consequently, the age-related reduction in muscle mass has a direct relationship with the age-related decline in resting metabolic rate, which averages 2% to 3% per decade in adults (103). Because 65% to 75% of the calories used on a daily basis by older adults are attributed to resting metabolism, muscle loss and subsequent metabolic slow-down are almost always accompanied by fat gain (187). Unfortunately, approximately 80% of men and 20% of women over age 60 are overweight or obese (54). Research reveals that increased fat weight is associated with increased risk of elevated blood pressure, undesirable blood lipid profiles, type 2 diabetes, and cardiovascular disease (119, 161, 185). Aging is also associated with increased intra-abdominal fat deposits, which is an independent risk factor for diabetes (35, 106) and cardiovascular disease (3). 
Muscle loss may more directly increase the risk of type 2 diabetes and cardiovascular disease (52). The reason is that muscle tissue is the principal site for both glucose and triglyceride disposal (44, 161). In light of predictions that one of three adults will have diabetes by the middle of this century (19), it would be prudent for people to maintain as much muscle tissue as possible during the older adult years. 
Muscle loss (sarcopenia) is closely associated with bone loss (osteopenia), and the aging process is accompanied by progressive deterioration of the musculoskeletal system. However, the rate of bone loss exceeds the rate of muscle loss. Whereas muscle mass may decrease as much as 10% each decade (121), bone mass may decrease as much as 30% each decade (range of 1% to 3% reduction in bone mineral density each year) (100, 135, 177). The National Osteoporosis Foundation reports that 35 million American adults have osteopenia, characterized by reduced bone mass and weak bones, and that 10 million American adults (8 million women) have osteoporosis, characterized by low bone mass and frail bones (134). According to the U.S. Department of Health and Human Services (173), osteoporosis will be responsible for bone fractures in almost one of three women and one of six men. 
Musculoskeletal decline presents challenges for activities of daily living, including rising from seated positions, walking, climbing stairs, and carrying objects, as well as maintaining desirable posture and dynamic balance (77, 80, 94). Of particular concern is the increased risk of falling (12, 179), as morbidity and mortality rates are greater in older adults who have suffered a fall (63). 
Although all physical performance factors are adversely affected with aging, the rate of decrease is greater in some activities than others. This is due to the disproportionately higher rate of atrophy (size reduction) in Type II (fast-twitch) muscle fibers compared to Type I (slow-twitch) muscle fibers (46, 104). As a consequence, muscle power, which is more closely associated with Type II muscle fibers than Type I muscle fibers, decreases at a faster rate than muscle strength (70, 89, 118, 123, 124, 128). Conversely, muscle endurance, which is more closely associated with Type I muscle fibers than Type II muscle fibers, decreases at a slower rate than muscle strength (33, 59, 110, 166). Thus, while skeletal muscle enables movement and enhances many physiological functions in the body, muscle loss associated with aging predisposes people to diminished health, fitness, and physical abilities. 
Cardiorespiratory System
The heart, lungs, blood vessels, and blood compose the cardiorespiratory system (120). Similar to what occurs in the muscular system, the aging process adversely affects all of the cardiorespiratory components and increases the risk of cardiovascular disease. Maximal heart rate, stroke volume, and cardiac output decrease progressively throughout the aging process (156). Additionally, aging is associated with thickening of the heart (left ventricle wall) and arteries, as well as a stiffening of the lungs resulting in a reduced aerobic capacity (37, 53). 
The pervasive risk factors for cardiovascular disease are elevated resting blood pressure (systolic or diastolic) and undesirable blood lipid profiles (high triglycerides, high total cholesterol, high low-density lipoprotein [LDL] cholesterol, or low high-density lipoprotein [HDL] cholesterol) (48). Among American adults, approximately 35% experience elevated blood pressure (hypertension) (138), and approximately 45% have blood lipid profiles outside of the recommended ranges (116). Although these coronary risk factors increase with age, there are exercise interventions that can reduce the probability of cardiovascular decline and disease. These are addressed in a later section of this chapter. 
Brain and Nervous System
Like all other body systems, the brain and nerves experience gradual deterioration during the aging process. Age-associated changes in the brain and nervous system are responsible for a variety of mental and physical performance problems in aging adults, ranging from delayed response time to Alzheimer’s disease. Some of the mental health issues in this domain are poor physical self-concept and self-esteem, general mood disturbance, depression, high tension and anxiety, and reduced cognitive abilities (4-7, 137). Physical health problems that affect the brain and nervous system include the chronic discomfort associated with osteoarthritis, fibromyalgia, and low back injuries that often accompany aging (137). 
A major nervous system problem associated with aging is a progressive decline in motor skills and performance of physical tasks (160). Aging is accompanied by gradual deterioration of eye function (154) leading to less accurate visual input (93) for eye–limb coordination (66); gradual deterioration of ear functions including impaired hearing and balance (149); and gradual deterioration of musculoskeletal feedback from sensory mechanisms in the muscles (muscle spindles sensitive to movement range) and in the joints (Golgi tendon organs sensitive to movement force) (39, 81). These sensory input issues make it more challenging for older adults to perform physical activity in general and standard exercise programs specifically. 



Common Medications Given to Older Adults 
Many older adults take a variety of medications for a number of health conditions, including high blood pressure, high blood cholesterol, high blood sugar, arthritis, low back pain, osteoporosis, and depression. Older adults take more prescriptions, over-the-counter (OTC) medications, and supplements than any other age group in the United States (50); and the probability of filling a prescription increases as a person gets older (50), with 87% of those aged 62 through 85 years taking at least one prescription medication (152). As a result, older adults commonly have more than one physician who is prescribing a medication and more than one pharmacy filling a prescription (184), which makes it difficult to be aware of harmful drug–drug interactions. Even mixing OTC medications such as aspirin, ibuprofen, or other nonsteroidal anti-inflammatory drugs (NSAIDs) with medications commonly taken by older adults (e.g., warfarin, a blood thinner to prevent blood clots) can have unwanted side effects (e.g., an increased risk of severe gastrointestinal problems) (132). 
Although most of the common medications that older adults take are not contraindicated with respect to physical activity, some do affect heart rate response to exercise (i.e., artificially slow it down) and require recommendations from a physician or other health care professional for training intensity. The most prevalent of these are cardiovascular medications known as β-blockers. Examples include acebutolol (Sectral), atenolol (Tenormin), bisoprolol (Zebeta), metoprolol (Lopressor, Toprol-XL), nadolol (Corgard), nebivolol (Bystolic), and propranolol (Inderal LA, InnoPran XL) (78). 
In general, it is recommended that older adults who list medications on their medical history form obtain approval from their physician or other health care professional and advisement for their exercise program design, especially the training intensity. More specifically, the reader should refer to chapters in this book that address particular conditions, such as cardiovascular conditions, osteoarthritis, and depression. An exercise professional should know the medications an older adult client is taking and fully understand the possible side effects and their impact on the client’s ability to exercise. 



Effects of Exercise in Older Adults 
Resistance training has been shown to significantly increase lean muscle mass and resting energy expenditure and to significantly decrease fat weight, including intra-abdominal fat. Research also indicates that resistance training is effective for preventing and managing type 2 diabetes. Resistance training further appears to enhance cardiovascular health by reducing resting blood pressure, improving blood lipid profiles, decreasing fat stores, increasing glycemic control, and lowering the risk of metabolic syndrome. Resistance training has also demonstrated significant bone mineral density (BMD) increases in men and women of all ages, thereby promoting a strong musculoskeletal system that facilitates improved physical function in activities of daily living. Mental health benefits associated with resistance training include improved cognitive abilities, enhanced self-concept, and reduced symptoms of depression. In addition, resistance training has demonstrated significant reversal of specific aging factors in skeletal muscle. 
Aerobic endurance training increases maximal oxygen uptake, generally referred to as aerobic capacity, which enables individuals to perform large-muscle physical activities at higher energy levels and for longer durations. These beneficial physiological adaptations include an increase in the pumping capacity of the heart and a decrease in resting heart rate (122), and they are associated with reduced resting blood pressure (120) and improved blood lipid profiles (lower LDL levels, higher HDL levels, lower triglyceride levels) (133, 140). 
Aerobic endurance activity is effective at reducing body fat and with respect to long-term weight maintenance (133, 172). Aerobic endurance activity is also beneficial for people with type 2 diabetes, as it has been shown to improve glycemic control and increase insulin sensitivity (11). 
Muscle Mass
Muscle and associated strength losses are among the most persistent and pervasive problems associated with the aging process. During the adult years for those who are sedentary, muscle mass decreases by about 5 pounds (2.3 kg) per decade, and during the older adult years, muscle loss increases to up to 10 pounds (4.5 kg) per decade (52, 56, 57, 121, 135). It is therefore encouraging to learn that regular resistance training can attenuate muscle loss in adults of all ages. Numerous research studies have shown significant increases in muscle mass through relatively brief exercise sessions (15 to 35 minutes, two or three nonconsecutive days per week) (24, 51, 69, 84, 135, 148, 179). For example, in a study with more than 1,600 participants (21 to 80 years of age), 10 weeks of standard resistance training (one set of 12 machine exercises, two or three days per week) produced a mean lean (muscle) weight increase of 3.1 pounds (1.4 kg) (182). The two training frequencies resulted in identical average lean weight gains (3.1 pounds [1.4 kg]), and the responses were similar for all of the age groups (20s through each decade of life including the 70s). 
Resting Energy Expenditure
Resistance training elicits an increase in muscle protein turnover, which enhances resting energy expenditure in two ways. The immediate (acute) effect of resistance training is muscle tissue microtrauma, which necessitates relatively high energy expenditure for muscle remodeling processes (68, 76). Several studies have shown significant increases in resting energy expenditure (averaging approximately 7%) after several weeks of resistance training (21, 24, 84, 114, 148, 175). Interestingly, more recent research has revealed that a single resistance training session may increase resting energy expenditure between 5% and 9% for 72 hours following the workout (68, 76). In a study by Heden and associates (76), beginning exercisers performed either a low-volume resistance training session (one set of 10 exercises in 15 minutes) or a moderate-volume resistance training session (three sets of 10 exercises in 35 minutes). Both training protocols resulted in a 5% average elevation in resting energy expenditure (approximately 100 calories a day) for three days after the training session. In a similar study by Hackney and colleagues (68), beginning and advanced exercisers completed a high-volume resistance training session (eight sets of eight exercises); and over the next three days, the beginning exercisers averaged a 9% increase in resting energy expenditure while the advanced exercisers averaged an 8% increase. The findings from these studies indicate that a moderate- to high-effort resistance training session may elevate resting energy expenditure by 100 or more calories per day (68, 76). 
The more chronic effect of progressive resistance training is a gradual increase in muscle mass (muscle hypertrophy). As stated earlier, every pound (0.5 kg) of untrained skeletal muscle uses approximately 5 or 6 calories per day for ongoing protein breakdown and synthesis (187). However, every pound (0.5 kg) of resistance-trained skeletal muscle uses approximately 9 calories per day for tissue maintenance and remodeling processes (161). Consequently, a person who increases his muscle mass by 5 pounds (2.3 kg) through chronic resistance training may experience an additional resting energy expenditure of approximately 45 calories per day. Combining the acute metabolic effect of regular resistance training (more than 100 calories per day) with the chronic metabolic effect of 5 additional pounds (2.3 kg) of muscle tissue (approximately 45 calories per day), the total increase in resting energy expenditure approaches 150 calories per day. 
Body Fat
Progressive resistance training is widely accepted as the best means for systematically building muscle in older adults (181). However, resistance training is also an effective activity for reducing body fat. For example, more than 1,600 individuals following a resistance training program experienced an average lean weight gain of 3.1 pounds (1.4 kg) and an average fat weight loss of 3.9 pounds (1.8 kg) after 10 weeks (182). Several other studies with older adults showed similar reductions in fat weight after approximately three months of resistance training (24, 84, 148, 179). 
As indicated in the previous section, the increased resting energy expenditure associated with resistance training may account for a larger percentage of the fat loss than the calories used during the actual exercise sessions. Consider that a 20-minute circuit resistance training program may use approximately 200 calories during each workout and up to 50 additional calories during the hour following the exercise session (71). Over a one-month period, 12 strength workouts (three sessions per week × four weeks) would therefore expend approximately 2,400 calories (200 calories per session × 12 sessions) not including the immediate postexercise period. Assuming an increased resting energy expenditure of only 100 calories per day, the total monthly calorie cost of three weekly 20-minute circuit resistance training sessions would be approximately 5,400 calories (2,400 calories from exercise and 3,000 calories from elevated resting energy expenditure). Other things being equal, this could average about a 1.5-pound (0.7 kg) fat loss per month or almost 4 pounds (1.8 kg) over a 10-week training period (182). 
More specifically, resistance training has been shown to reduce intra-abdominal fat in older men (88, 169) and older women (83, 168). This is an important effect of resistance training, as the accumulation of intra-abdominal fat appears to be associated with insulin resistance in aging adults (35, 106). In conjunction, excessive body fat also increases the risk of experiencing one or more risk factors (elevated blood pressure, elevated blood cholesterol, elevated blood glucose) associated with type 2 diabetes and cardiovascular disease (119, 161, 185). 
Aerobic endurance exercise is also an effective means for reducing body fat, as large-muscle activities such as walking, jogging, running, cycling, swimming, rowing, stepping, and dancing burn relatively large numbers of calories. For example, walking on level ground at 3 miles per hour (4.8 km/h) requires approximately 3 metabolic equivalents (METs) of energy expenditure, which uses between 4 and 5 calories per minute depending on body weight (1). Running on level ground at 6 miles per hour (9.7 km/h) requires approximately 10 METs of energy expenditure, which uses between 11 and 12 calories per minute depending on body weight (1). 
Key Point
Resistance training and aerobic endurance exercise are effective for reducing body fat and the risk of associated health problems such as type 2 diabetes, elevated blood pressure, undesirable blood lipid profiles, and cardiovascular disease. 
Type 2 Diabetes
In addition to reducing total body-fat stores and intra-abdominal fat accumulation, resistance training provides other benefits related to preventing and managing type 2 diabetes (162).
Several studies have shown significant improvements in insulin resistance and glycemic control as a result of resistance training (28, 29, 42, 47, 62, 79). Research indicates that resistance training may be preferable to aerobic activity for increasing insulin sensitivity (23, 47) and for decreasing glycosylated hemoglobin (23). These beneficial resistance training adaptations appear to be associated with increases in lean body mass, muscle cross-sectional area, and glucose transporter type-4 density (144). A comprehensive review on aging, resistance training, and diabetes prevention (52) concluded that resistance training may provide an effective intervention for counteracting age-associated declines in insulin sensitivity and for preventing the onset of type 2 diabetes. 
Resting Blood Pressure
Elevated resting blood pressure, a major risk factor for cardiovascular disease (48), is experienced by approximately 35% of American adults (138). Aerobic endurance exercise has long been recognized as an effective means for reducing resting systolic and diastolic blood pressure (122). However, many people do not realize that properly performed resistance training results in similar blood pressure responses. Whether performed alone (29, 87, 97, 159) or in conjunction with aerobic activity (96, 182), standard and circuit-style resistance training have been shown to reduce resting systolic or diastolic blood pressure or both. In a 10-week study (182), more than 1,600 participants between ages 21 and 80 performed 20 minutes of resistance training and 20 minutes of aerobic endurance exercise two or three days a week. Twice-a-week training significantly reduced resting blood pressure by an average of 3.2 mmHg systolic and 1.4 mmHg diastolic, whereas training three days per week significantly reduced resting blood pressure by an average of 4.6 mmHg systolic and 2.2 mmHg diastolic. In another 10-week study (180), prehypertensive adults over age 60 who performed resistance exercise and followed a sensible nutrition plan experienced an average resting blood pressure reduction of 5.8 mmHg systolic and 3.6 mmHg diastolic. 
A 2000 meta-analysis of randomized controlled trials by Kelley and Kelley (98) determined that resistance training is an effective means for reducing resting blood pressure. In support of these findings, a 2005 meta-analysis of randomized controlled trials by Cornelissen and Fagard (36) also reported that resistance training was associated with an average systolic blood pressure reduction of 6.0 mmHg and an average diastolic blood pressure reduction of 4.7 mmHg. These favorable blood pressure changes were similar to those associated with aerobic activity (36). In addition to reducing resting blood pressure, resistance training may also be beneficial for people who remain hypertensive, as research reveals that higher levels of muscle strength are associated with lower risk of all-cause mortality (8). 
Blood Lipid Profiles
An undesirable blood lipid profile, another major risk factor for cardiovascular disease (48), is experienced by approximately 45% of American adults (116). As with resting blood pressure, aerobic endurance exercise has been shown to improve blood lipid profiles including lower total cholesterol and LDL cholesterol levels, lower triglyceride levels, and higher HDL cholesterol levels (3). Although there are notable exceptions (107, 159), numerous studies have shown significant improvements in blood lipid profiles subsequent to participation in resistance training programs (18, 69, 99, 164, 171, 174). Older women (ages 70 to 87 years) experienced significant reductions in triglyceride and LDL cholesterol levels and increases in HDL cholesterol levels as a result of resistance training (49). More specifically, resistance training has been shown to increase HDL cholesterol by 8% to 21%, decrease LDL cholesterol by 13% to 23%, and reduce triglycerides by 11% to 18% (3, 49, 69, 91). Some research indicates that resistance training and aerobic activity are almost equally effective for improving blood lipid profiles (16, 159), but the combination of resistance training and aerobic activity appears to produce more favorable blood lipid changes than either exercise performed alone (146). 
Cardiovascular Health
People can definitely improve cardiovascular health by performing regular aerobic endurance exercise. The training benefits include lower resting blood pressure and more desirable blood lipid profiles, as well as increased blood volume, plasma volume, red blood cell volume, and capillary density (122). Resistance training may also enhance cardiovascular health by reducing resting blood pressure and improving blood lipid profiles, as well as by decreasing total body fat, mobilizing intra-abdominal fat, and improving glycemic control (161). Several studies have shown that resistance training reduces the risk of metabolic syndrome, which is a predisposing condition for cardiovascular disease (86, 92, 162, 186). A 2011 research review by Strasser and Schobersberger (161) concluded that resistance training is at least as effective as aerobic endurance training in reducing some major cardiovascular disease risk factors. However, the combination of resistance and aerobic training is recommended for maximizing cardiovascular health benefits (20). 
Bone Mineral Density
Approximately 35 million American adults have insufficient bone mass (osteopenia), and about 10 million others have frail bones (osteoporosis) (134). Older adults who do not perform resistance training lose 10% to 30% of their BMD every decade of life (100, 135, 177). Bone loss is associated with age-related muscle and strength loss (sarcopenia) (2, 14, 85). It therefore makes sense that the same resistance training programs that increase muscle mass also increase BMD to some degree. Although some research has not demonstrated improvements in bone condition consequent to resistance training (31, 136), many longitudinal studies have shown significant increases in BMD following several months of certain types of resistance exercise, typically higher intensity strength training
(38, 41, 61, 101, 117, 129, 135, 176, 189). 
Earlier research reviews indicated that resistance training is positively associated with high BMD in both younger and older adults (113, 188) and that resistance training may have a more potent effect on bone density than other types of physical activity such as aerobic and weight-bearing exercise (67). More recent studies by Cussler and colleagues (38) and by Milliken and colleagues (129) further support the role of resistance exercise for bone remodeling in postmenopausal women. A 2009 research review by Going and Laudermilk (60) revealed BMD increases between 1% and 3% in postmenopausal women who participated in resistance training programs. In a two-year study of postmenopausal women, the resistance-trained group increased BMD by 2%, whereas the nontraining control group experienced a reduction in BMD (101). The resistance training program consisted of eight exercises performed for three sets of eight repetitions each, with resistance increase whenever nine repetitions were completed. 
Key Point
Resistance training is effective for increasing bone mineral density in older adults.
Physical Function
The ability to perform activities of daily living decreases during older adult years. This progressive reduction in physical function is largely due to the gradual loss of muscle mass and strength (181). Resistance training has been shown to reverse many of the physical issues associated with inactive aging in older adults (51, 69, 167, 179). In a study of nearly 90-year-old nursing home residents, 14 weeks of resistance training (six exercises, one set, 8 to 12 repetitions, two sessions/week) resulted in an average strength gain of 60%, an average lean weight gain of 3.9 pounds (1.8 kg), and an average improvement in their Functional Independence Measure (FIM®) score of 14% (179). More specifically, resistance training studies with older adults have demonstrated improvements in movement control (12), physical performance (77, 84), and walking speed (155). Aerobic endurance training is the best means for increasing functional capacity of the cardiorespiratory system, thereby enabling improved performance of sustained large-muscle activities, such as walking or jogging at a faster pace for a longer distance (122). 
Mental Health
Research studies have revealed many mental health benefits for older adults who perform resistance training (137). Older individuals who do not have severe mental health issues may experience enhanced self-esteem and improved cognitive abilities; reduced fatigue, anxiety, and depression; and decreased discomfort from osteoarthritis, fibromyalgia, and low back pain (15, 55, 70, 75, 90, 112, 115, 137, 151). 
Aerobic endurance training has also demonstrated benefits in the areas of mental and emotional health, especially in adults over 55 years of age (74). For example, in a study of complex cognitive function, older men (age 60 and above) who had relatively high levels of aerobic fitness performed significantly better than their peers who had relatively low levels of aerobic fitness (43). Other psychological benefits of aerobic endurance exercise include reductions in stress, anxiety, and depression (74). 
Studies by Annesi and colleagues (6) have shown that 10 weeks of combined resistance and aerobic training can significantly improve psychological measures of physical self-concept, total mood disturbance, depression, fatigue, positive engagement, revitalization, tranquility, and tension in older adults (4-7). With respect to depression, 10 weeks of resistance training significantly reduced symptoms of depression in more than 80% of the older adults who were clinically depressed at the start of the research study (158). 
Studies with older adults have also shown that resistance training is associated with significant improvements in cognitive abilities (22, 27, 109). Based on meta-analysis results, resistance training appeared to enhance the cognitive improvements attained from aerobic activity alone when both types of exercise were performed concurrently (34). 
Aging Factors
The aging process is typically accompanied by a progressive deterioration of skeletal muscle mitochondria, which function as a major energy source for cellular activity (147). Both circuit training, characterized by brief rests between successive exercises, and standard resistance training have been shown to increase muscle tissue mitochondrial content and oxidative capacity (139, 143, 147, 165). A classic study by Melov and associates (126) examined the effects of resistance training on the mitochondrial deterioration that accompanies the aging process. Following six months of standard resistance training, older adults experienced favorable changes in 179 genes associated with age and exercise, while concurrently, mitochondrial characteristics in the older adults (mean age 68 years) revealed a modified genetic fingerprint similar to the mitochondrial gene expression of young adults (mean age 24 years). The researchers concluded that resistance training has the potential to reverse certain aging factors in skeletal muscle, supporting the findings of previous studies. 



Exercise Recommendations for Older Adults 
For older adults who are apparently healthy, the recommendations for resistance training and aerobic endurance training are comparable to the guidelines for adults in general. For those clients who have a current health or medical condition, are at risk for a condition, or both, the exercise professional should refer them to a physician or other health care professional for an evaluation before beginning any type of exercise program. 
Resistance Training
Established resistance training recommendations (181) call for a variety of both single-joint exercises and multiple-joint exercises that involve the major muscle groups, including the quadriceps, hamstrings, gluteals, pectoralis major, latissimus dorsi, deltoids, biceps, triceps, erector spinae, and rectus abdominis. 
According to these guidelines, older adults should perform two or three resistance training sessions per week on nonconsecutive days. Although the authors present a resistance range of 60% to 90% of the one repetition maximum (1RM), they recommend using a resistance that permits between 10 and 15 repetitions of each exercise during the initial training period. They suggest increasing the resistance by approximately 5% whenever 15 repetitions can be completed. For strength development, older adults are advised to perform resistance exercises with a controlled movement speed (4 to 6 seconds per repetition) and a complete movement range with the exception of painful positions. 
The following section presents research-based recommendations for older adults who perform resistance exercises. This more specific information should be useful for designing older adult resistance training programs that maximize exercise effectiveness and efficiency while minimizing injury risk. 
Frequency
Resistance training studies with older adults reveal different results with respect to exercise frequency. Research by Hunter and associates (82) revealed no significant differences in strength development among training frequencies of one, two, and three nonconsecutive days per week. However, Westcott and colleagues (182) found that resistance training two days per week and three days per week produced similar increases in lean weight that were significantly greater than lean weight gains attained by training one day per week. A study by DeMichele and associates (40) also showed similar and significant strength gains from two and three resistance training sessions per week, but no significant increases in strength from one weekly workout. It is therefore recommended that older adults schedule resistance training sessions two or three nonconsecutive days each week. 
Sets
Over the past several years, three major reviews have examined more than 160 research studies that compared the effects of various exercise sets on strength development. The review by Carpinelli and Otto (25) concluded that single-set resistance training is as effective as multiple-set resistance training for increasing muscle strength and hypertrophy. The meta-analysis by Rhea and associates (150) indicated that two exercise sets were more effective than one exercise set, that three exercise sets were more effective than two exercise sets, and that four exercise sets were more effective than three exercise sets. They concluded that multiple-set training was more productive than single-set training, and that four sets per muscle group elicited the greatest strength gains. Krieger’s (108) meta-regression also found multiple-set training to be more effective than single-set training. His analyses showed similar effects from performing one set per exercise and four sets per exercise, as well as similar effects from performing two sets per exercise and three sets per exercise, which produced greater strength gains than single-set training. On the other hand, a 2013 research study revealed significantly greater increases in both muscle mass and strength from one high intensity exercise set than from three sets of each exercise (45). 
A general guideline for previously untrained older adults is to begin with one set of each exercise. As the client increases her muscle strength, muscle endurance, and enthusiasm for resistance exercise, the fitness professional may increase the training volume by progressively transitioning to two or more sets of selected exercises (10). Older adults should rest 2 to 3 minutes between successive training sets to facilitate muscle recovery and energy replenishment before each exercise bout (130). 
Repetitions and Resistance
There is an inverse relationship between the resistance used for an exercise and the number of repetitions that can be completed. The majority of studies reporting significant positive adaptations in older adults incorporated training protocols of 8 to 12 repetitions with a resistance that produced temporary muscle fatigue within this repetition range (51, 58, 105, 127, 135, 148, 179, 182). However, many other studies with adult and older adult participants have revealed similar results with lower (4 to 8) and higher (12 to 16) repetition ranges (13, 30, 72, 102, 163, 175). Older adults without prior experience in resistance exercise may begin training with 10 to 15 repetitions at a light intensity (approximately 40% to 60% 1RM). As they become accustomed to resistance training, they may progress to 10 to 15 repetitions at 60% to 70% 1RM. When this exercise protocol becomes comfortable, older adults may train safely and effectively with higher intensity resistance and repetition protocols, such as 8 to 12 repetitions with 70% to 80% 1RM, and even 4 to 8 reps at 80% to 90% 1RM (181). Whether or not 1RM testing is performed, the recommended repetition ranges will typically correspond with the suggested resistance ranges when muscle fatigue is experienced by the end of the exercise set. 
Key Point
Older adults are advised to perform resistance exercise for all of the major muscle groups, two or three days a week, beginning with a resistance that permits 10 to 15 controlled repetitions. 
Progression
The key to increasing muscle strength, size, and function is progressive resistance training that systematically stresses the skeletal muscles. While this can be accomplished to some degree with bodyweight training (performing more repetitions with the same weight), training with external resistance (such as free weights, weight stack machines, and elastic bands) enables older adults to gradually increase the exercise resistance as their muscles become stronger. When the exercise resistance is progressively increased within the prescribed repetition range, training protocols using 6 to 15 repetitions have resulted in significant and similar strength gains in older adults (72). Whatever repetition range is used (4 to 8 reps, 8 to 12 reps, or 12 to 16 reps), when the end number of repetitions can be completed with correct form, the resistance should be raised by approximately 5% (181). For example, an older adult performing two sets of the vertical chest press exercise with 100 pounds (45 kg) using an 8 to 12 repetition protocol may be encouraged to increase the exercise resistance to 105 pounds (48 kg) when 12 repetitions can be properly performed in both sets. Training should continue with 105-pound (48 kg) vertical chest presses until 12 repetitions can again be correctly completed, at which point the resistance should again be raised by about 5%. By first increasing the number of repetitions within the training range and then increasing the resistance, older adults experience a double progressive protocol for safely and effectively increasing the muscle-building stimulus (10). 
Selection
It is recommended that adults and older adults perform a resistance training program that addresses the major muscle groups (181). If trained with single-joint movements, the following example provides 10 different machine exercises that independently work 10 major muscle groups: 
 
	Quadriceps—leg (knee) extension
	Hamstrings—leg (knee) curl
	Pectoralis major—pec deck (butterfly)
	Latissimus dorsi—pullover
	Deltoids—lateral raise
	Triceps—triceps pushdown
	Biceps—biceps curl
	Erector spinae—low back extension
	Rectus abdominis—abdominal curl
	Upper trapezius—shoulder shrug

If trained with multiple-joint movements, which involve more muscle mass for greater strength gains than single-joint exercises, the following example provides four different free weight exercises that collectively work eight of these major muscle groups: 
 
	Quadriceps and hamstrings—dumbbell squat
	Pectoralis major and triceps—dumbbell bench press
	Latissimus dorsi and biceps—one-arm dumbbell row
	Deltoids, upper trapezius, and triceps—dumbbell shoulder press

It is therefore recommended that older adults perform at least four multiple-joint exercises each training session to address the major muscle groups. However, it may be advisable for older adults to perform a combination of multiple-joint and single-joint movements during most training sessions, as not all muscles are worked equally in multijoint movements (32). When training in this manner, older adults should perform multiple-joint exercises that use more muscle mass and higher resistance (e.g., leg press, vertical chest press, lat pulldown) before they do single-joint exercises that use less muscle mass and lower resistance (e.g., leg [knee] extension, triceps pushdown, biceps curl) (10). 
Older adults who are resistance trained and prefer to do more exercises, multiple exercise sets, or both, may split their workouts into lower body and upper body sessions to avoid lengthy training periods. For example, they may perform exercises for the leg and trunk muscles on Mondays and Thursdays, and exercises for the torso and arm muscles on Wednesdays and Saturdays. 
Speed
Muscle strength may be best increased by training with relatively heavy resistance at controlled movement speeds (131), whereas muscle power may be best increased by training with moderate resistance at fast movement speeds (183). Older adults training for increased muscle strength may attain better results by lifting loads greater than 60% of maximum at controlled movement speeds, whereas those training for muscle power may attain better results by lifting loads less than 60% of maximum at faster movement speeds. 
As a general rule, older adults should begin exercising with a training program to first increase muscular strength and progress to include power training protocols. Power training, which appears to be safe, productive, and well tolerated by older adults, has demonstrated neuromuscular adaptations that may reduce the likelihood of falls and resulting disabilities (26). For example, medicine ball throws are recommended for older adult power training, as such exercises enable both fast movement speeds and resistance release at the end of each throwing action to reduce joint stress (10). 
Range of Joint Movement
The National Strength and Conditioning Association advises adults and older adults to perform exercises through the full range of joint movement to enhance muscle strength and joint flexibility (181). Studies with a variety of major muscle groups have demonstrated greater muscle strength gains when the exercises are performed through a full movement range rather than through a partial movement range (65, 125, 145). Although full range of joint movement training is recommended, the actual range of each exercise should be limited to pain-free movements. This is an important consideration for older adults who may have some form of arthritis, a health issue experienced by more than 53 million Americans (9), or other deleterious joint condition. 
Breathing
Another important aspect of resistance training technique for older adults is continuous breathing throughout each exercise bout. Regardless of the exercise intensity, older adults should never hold their breath when resistance training. Breath holding, known as the Valsalva maneuver, increases internal pressure to levels that can impede venous blood flow, elevate blood pressure, and cause undesirable sensations of light-headedness or blackouts (64). The generally recommended breathing technique for older adults during resistance training is to exhale throughout each concentric muscle action and to inhale throughout each eccentric muscle action (10). 
Based on the preponderance of research, older adults are advised to begin resistance training in accordance with the guidelines presented in table 12.1. 




Aerobic Endurance Training
General recommendations for older adult aerobic endurance training are 20 to 60 minutes of large-muscle aerobic activity, performed most days of the week, at a training intensity of 60% to 90% of maximum (age-predicted) heart rate (181). More specifically, the guidelines for aerobic endurance exercise have two categories according to training intensity (73). The first category is for moderate intensity training (40% to <60% O2 or heart rate reserve; e.g., walking), and the second category is for vigorous intensity training

(≥60-90% O2 or heart rate reserve; e.g., jogging or running). The following section presents the recommendations for both categories of aerobic endurance training with respect to frequency, duration, intensity, and type of exercise activity for older adults (3). 
Frequency
The training frequency for aerobic endurance training is actually an individualized decision as to how the recommended weekly exercise time is performed in accordance with one’s personal schedule and lifestyle. The recommended amount of aerobic endurance exercise for the moderate intensity training category is between 150 and 300 minutes per week (2.5 to 5.0 hours), and the recommended training frequency is five days per week. As an example, 200 minutes of weekly moderate intensity aerobic activity could be attained by doing 40 minutes of walking on Tuesdays, Wednesdays, Thursdays, Saturdays, and Sundays. The recommended amount of aerobic endurance exercise for the vigorous intensity training category is between 75 and 150 minutes per week (1.25 to 2.5 hours), and the recommended training frequency is three days per week. For example, 90 minutes of weekly vigorous intensity aerobic activity could be attained by doing 30 minutes of jogging on Mondays, Wednesdays, and Fridays. 
Key Point
Older adults are advised to perform aerobic endurance training at moderate intensity for 150 to 300 minutes per week or at a vigorous intensity for 75 to 150 minutes per week, or a combination of these training intensities and durations. 
Duration
The guidelines for aerobic endurance training duration are given in minutes per day but may be divided into smaller segments for moderate intensity exercise in order to accommodate one’s daily schedule. For the moderate intensity training category, the recommended daily duration is a minimum of 30 minutes, which may be accumulated in exercise bouts of at least 10 minutes each. For the vigorous intensity training category, the recommended daily duration is a minimum of 20 minutes, which should be attained in a single exercise bout. A combination of moderate intensity and vigorous intensity aerobic endurance training may be performed in accordance with the respective training durations. 
Intensity
Although previous guidelines for training intensity have been based on exercise heart rate, older adults have relatively large variations in maximal heart rate and are more likely to take medications that affect their heart rate response to exercise. Consequently, the current guidelines are based on one’s perceived physical exertion during the exercise session. On a scale of 0 to 10, it is recommended that people performing moderate intensity training do so at a perceived physical exertion level of 5 to 6, and that people performing vigorous intensity training do so at a perceived physical exertion level of 7 to 8. 
Activities
Aerobic endurance may be effectively improved by regularly performing large-muscle, rhythmic-type activities that involve more than 20 minutes of vigorous intensity exercise or more than 30 minutes of moderate intensity exercise. Older adults who have difficulty doing weight-bearing activities may perform recumbent cycling, upright cycling, rowing, swimming, or other weight-supported aerobic endurance exercises. In addition to these aerobic activities, older adults who are capable of doing weight-bearing exercise may also perform walking, jogging, running, stepping, elliptical training, dancing, or other ambulatory activities. 
In accordance with research-based recommendations, older adults are encouraged to follow the aerobic endurance training guidelines presented in table 12.2. 







Recommended Strategies for Instructing Older Adults 
Exercise professionals should be sure to provide a high level of positive reinforcement when implementing an exercise training program with older adults. As previously discussed, most older adults respond favorably to resistance training with progressive increases in muscle mass and strength. Anecdotally, they are often impressed by their relatively rapid improvements in physical fitness, and indebted to their exercise professional for teaching them how to perform resistance training safely and effectively. 
However, it can be challenging to initially engage older adults in resistance training and also to keep them committed during the first few training sessions. It is therefore suggested that exercise professionals working with older adults place equal emphasis on education and motivation. Research from the Centers for Disease Control and Prevention (170) reveals that fewer than 5% of adults over age 50 perform moderate intensity physical activity on a regular basis, let alone engage in resistance exercise. Experience indicates that older adults may have health-related concerns about resistance training, such as stressing their joints, injuring their muscles, or harming their heart, as well as personal concerns such as experiencing discomfort, appearing weak, and embarrassing themselves by improper exercise performance. Consequently, a high priority for exercise professionals may be to help older adults develop a positive attitude toward resistance training. First, explain the physiological benefits of regular resistance as presented earlier in this chapter. Second, provide reinforcing training sessions through interactive teaching techniques. Exercise professionals who incorporate specific instructional strategies appear to be more effective in helping older adults gain competence in their exercise performance and confidence in their training program (5-7). 
Key Point
Older adult exercise instruction should include clear objectives, concise explanations, precise demonstrations, gradual progression, positive reinforcement, specific feedback, and appropriate assistance. 
Older adults like to be acknowledged by name, affirmed, and appreciated for participating in an exercise program (178). In addition to these important interactions, Baechle and Westcott (10) have identified 10 instructional guidelines for educating and motivating older adults. 
 
	
Understandable performance objectives. Although this is often ignored, it is essential to begin each exercise session with the desired performance objectives. The exercise professional should simply state what he would like the individual to accomplish during the workout. For example, “Today, our objective is to perform every resistance exercise through a full range of pain-free joint movement.”

	
Concise instruction with precise demonstration. Although it is important to speak clearly, concise instructional statements are recommended for older adult communications. Exercise instruction should always be coupled with exercise demonstration, as older adults tend to be visual learners. Model the proper exercise performance as many times as necessary, emphasizing the execution objective. For example, “Watch me perform the seated row exercise through the full range of joint movement, beginning with my arms fully extended and finishing with my hands at my chest.”

	
Attentive supervision. After explaining and demonstrating an exercise, be attentive as the older adult attempts to imitate the demonstration. Actively observing an older adult perform a new exercise enhances her confidence and enables the exercise professional to immediately detect and correct any errors in training technique. As an example, “I will watch carefully as you perform 10 full-range repetitions of the seated row exercise.”

	
Appropriate assistance. With the older adult’s approval, it is sometimes helpful to provide some level of manual assistance during the exercise performance. Guiding an older adult through the proper movement pattern may be particularly useful when training with elastic bands and free weights. For example, the exercise professional may help the client pull the seated row handles to the at-chest position so he can experience the feel of full muscle contraction. 
	
One task at a time. Most resistance training exercises require a sequence of specific tasks for correct completion. Older adults typically master exercise performance more efficiently when instructors present the key exercise components one at a time. For example, the first task in the seated row exercise may be to sit tall with elbows extended and hands gripping the handles. The second task may be to pull the handles to the chest and pause. The third task may be to return the handles to the starting position. The fourth task may be to exhale during the pulling movement. The fifth task may be to inhale during the return movement. The sixth task may be to perform the pulling movement in 2 seconds. The seventh task may be to perform the return movement in 2 seconds. 
	
Gradual progression. In addition to a gradual progression in exercise resistance, older adults should begin with a few basic exercises and systematically add new exercises only after they have mastered the previous ones. For example, the exercise professional may start an older adult client with just one upper back exercise, such as the seated row. When this exercise is performed properly and consistently, a second upper back exercise (such as the lat pulldown) may be introduced. 
	
Positive reinforcement. Older adults typically experience some degree of uncertainty about performing resistance training. It is therefore advisable to affirm their exercise efforts with various forms of positive reinforcement, including encouraging comments, performance compliments, and stars on their workout cards. Positive reinforcement is most effective when it is received during or immediately following exercise performance—for example, “Excellent exercise technique, Tom!”

	
Specific feedback. Positive reinforcement may be enhanced by inclusion of specific information feedback that gives the client a reason for the compliment. The combination of positive reinforcement and specific feedback has value from both a motivational and an educational perspective. For example, “Excellent exercise technique, Tom; you are pulling the handles all the way to your chest on each repetition.”

	
Careful questioning. Older adults may not voluntarily provide information about how they feel when resistance training. Consequently, it may be helpful to ask if they are feeling the exercise effort in the target muscles. For example, while Tom is performing seated rows, the exercise professional can say, “Tom, please tell me where you feel the most effort while doing seated rows.”

	
Pre- and 
postexercise
 dialogue. Older adults generally appreciate a brief dialogue with their instructor before beginning and after completing their exercise session. The entry conversation may emphasize encouragement for attaining the workout objectives, and the exit conversation may feature reinforcement for the exercise performance. For example, the exercise professional may initiate a preexercise dialogue by saying, “Thanks for coming to class today, Tom; what would you like to accomplish during your exercise session, and how can I assist you?” A sample postexercise dialogue might begin with, “Great workout Tom; tell me how you felt using the heavier weights.”


These same concepts may be applied to aerobic endurance training, with special emphasis on positive reinforcement. The longer duration required for sustained aerobic endurance exercise and the less visible physiological changes may make aerobic training more challenging for older adults. 
Older Adults

Case Study

Mrs. R, a 69-year-old woman, joined an exercise program at the urging of her son, a medical doctor, to address the age-related issues of sarcopenia (muscle loss) and osteopenia (bone loss). Mrs. R’s initial body composition readings were as follows: body weight 136.5 pounds (61.9 kg), percent fat 24.6%, lean weight 102.9 pounds (46.7 kg), and fat weight 33.6 pounds (15.2 kg). 

During the next eight months, Mrs. R trained Mondays, Wednesdays, and Fridays in a college fitness center. Her resistance training program consisted of the following 12 resistance machines: leg (knee) extension, leg (knee) curl, leg press, hip adduction–hip abduction, chest press, lat pulldown, shoulder press, seated row, abdominal curl, low back extension, torso rotation, and neck flexion–extension. She performed each exercise for one set of 8 to 12 repetitions and increased the resistance by approximately 5% whenever 12 repetitions could be completed. Her aerobic training program progressed from a few minutes on the recumbent cycle to 20 minutes of continuous cycling at about 70% of her age-predicted maximal heart rate and a perceived exertion rating of 14 on the Borg 6- to 20-point scale (17). 

After eight months of training, Mrs. R’s body composition had improved significantly, to the following readings: body weight 134.4 pounds (61.0 kg), percent fat 20.3%, lean weight 107.2 pounds (48.6 kg), and fat weight 27.2 pounds (12.3 kg). Although her body weight decreased by only 2.1 pounds (1 kg), Mrs. R improved her percent fat reading by 4.3 points (24.6% to 20.3%). She actually added 4.3 pounds (2 kg) of lean (muscle) weight and lost 6.4 pounds (2.9 kg) of fat weight, for a 10.7-pound (4.9 kg) improvement in her body composition and physical appearance. 

Over the same time period, Mrs. R increased her leg press 10-repetition load from 100 pounds (45 kg) to 250 pounds (113 kg) for a very impressive strength gain. In addition, her dual x-ray absorptiometry (DXA) scan revealed a small increase in her BMD rather than the 1% to 2% reduction normally experienced by women 70 years of age. 

Mrs. R’s periodic body composition assessments over the eight-month exercise period are presented in the table.
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Conclusion 
The aging process is associated with undesirable but normal changes in the muscular system, cardiovascular system, and nervous system that contribute to reduced physical function and a number of debilitating health issues. Resistance training has been shown to enhance physical function and to reduce the risk of many major medical conditions by increasing muscle mass and strength, increasing resting energy expenditure, decreasing body fat, resisting type 2 diabetes, reducing resting blood pressure, improving blood lipid profiles, improving cardiovascular health, increasing BMD, enhancing mental and emotional health, and reversing specific aging factors. Resistance training recommendations for older adults call for up to 10 basic exercises that address the major muscle groups, performed for one to three sets of 4 to 15 repetitions each, two or three nonconsecutive days a week, using progressively higher resistance, moderate movement speed, and full movement range. Research reveals that resistance training is a safe and effective means for older adults to improve their functional abilities, physical fitness, and personal health. 
Aerobic endurance training has been demonstrated to improve cardiorespiratory fitness by increasing aerobic capacity; to benefit general health by reducing resting blood pressure, improving blood lipid profiles, decreasing body fat, and enhancing cognitive function; and to reduce the risk of type 2 diabetes and cardiovascular disease. Aerobic endurance training guidelines for older adults include options of moderate intensity large-muscle activities for 30 to 60 minutes per session, totaling 150 to 300 minutes per week; or vigorous intensity large-muscle activities for 20 to 30 minutes per session, totaling 75 to 150 minutes per week; or a combination of moderate and vigorous training sessions with corresponding durations. Aerobic endurance training may be performed with weight-bearing activities such as walking, jogging, and stepping, or with weight-supporting activities such as cycling, rowing, and swimming. 
Key Terms
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Study Questions
 
	______________ decrease(s) more rapidly than _____________ with age. 	Bone mass; muscle mass
	Type I muscle fibers; Type II muscle fibers
	Muscle endurance; muscle strength
	Muscle mass; metabolic rate


	Which of the following is true regarding the effects of resistance training in older adults? 	It has little to no effect on managing blood sugar levels.
	It can attenuate the loss of muscle mass, but not prevent it completely.
	It generally does not improve blood pressure due to the Valsalva maneuver.
	It can increase metabolic rate, but only as a consequence of increased muscle mass.


	One mechanism by which resistance training may affect insulin resistance in older adults is the 	increase in resting metabolic rate
	reduction in intra-abdominal fat
	increase in blood flow as a result of lower blood pressures
	increase in release of nitric oxide during higher-intensity resistance training


	You inherit a 62-year-old client from a departing exercise professional. The client would like to begin exercising again after a long period of inactivity, and he indicated that mobility and lower body strength were his priorities. The departing exercise professional wrote this initial program: 4 sets of:
Bodyweight wall squat          15 repetitions
Machine leg (knee) extension          15 repetitions
Machine leg (knee) curl          15 repetitions
2 sets of:
Machine shoulder press     10 repetitions
Machine lat pulldown          10 repetitions
Machine triceps extension     10 repetitions
Dumbbell biceps curl          10 repetitions
Machine abdominal curl     10 repetitions
Machine low back extension     10 repetitions
All exercises use loads of 50% of his estimated 1RM with 3 minutes of rest between sets and exercises for 2 sessions a week (with 2-3 days between sessions). 
Which of the following is the best adjustment to make to the program?
 
	Increase the intensity of the upper body exercises to 75% 1RM.
	Reduce all exercises to 1 set and progress to 2 sets as tolerated.
	Add an exercise for the calf muscles to the lower body training day.
	Perform the lower body exercises twice a week and the upper body exercises twice a week.






Chapter 13
Female-Specific Conditions 
Jill A. Bush, PhD, CSCS,*D
After completing this chapter, you will be able to
 
	understand the characteristics of the conditions regarding the female athlete triad, pregnancy, postpartum, menopause, and postmenopause; 
	recognize and identify the major signs or symptoms of women with the female athlete triad, pregnant and postpartum women, and women going through menopause and postmenopause; 
	identify and administer proper exercise and exercise programming for women with the female athlete triad, pregnant and postpartum women, and women going through menopause and postmenopause; and 
	understand modifications and precautions for exercise for women with the female athlete triad, pregnant and postpartum women, and women going through menopause and postmenopause. 

There are considerations related to women of all ages that an exercise professional needs to be aware of if he is to have clients who are female. These include the female athlete triad, pregnancy and postpartum, and menopause and postmenopause. The female athlete triad consists of three components that are affected by energy availability, menstrual function, and changes to the skeletal system. Pregnant women have exercise-related considerations that can affect both the mother and growing baby. Upon delivery, women going through the postpartum period experience numerous changes in hormones and body shape related to the child-birthing process. Later, as a woman ages, changes in her body and hormonal profile lead to menopause and postmenopause, when she will experience decreases in estrogen and changes in fat and bone metabolism that are linked to risks of osteopenia and osteoporosis. 
An exercise professional needs to know how to design and modify a client-specific exercise program based on or in response to the female athlete triad, pregnancy, and menopause. Often, this requires that the exercise professional work closely with her female clients’ family physician and other health care professionals such as a registered dietitian or a counselor. 
This chapter focuses on exercise-related considerations for the female athlete triad, pregnancy and postpartum, and menopause and postmenopause. Certain clinical conditions and common physician-prescribed medications and over-the-counter remedies that relate to these female concerns are discussed. Recommendations for exercise, precautions, and contraindications are also presented where applicable. Additionally, recommended readings are listed at the end of each section. 



Female Athlete Triad 
The female athlete triad exists on a continuum involving interrelationships between energy availability, menstrual function, and bone function (figure 13.1) (39, 51, 83, 90), which can be expressed as the clinical manifestations of eating disorders, amenorrhea, and osteoporosis, respectively (90). A woman does not need to exhibit all three components at the same time, as any one of these components alone can be a risk to her health. Thus, it is important to recognize the signs and symptoms to ensure prevention and treatment. Risk factors for developing the female athlete triad include playing a sport that specifically requires body weight to be monitored, social isolation, exercising more than necessary for a sport, pressure to feel the need to win, punitive consequences for body weight gain, and having parents or coaches who are controlling or overbearing (90). In this section, we explore the pathophysiology of the female athlete triad, common medications given to women with the female athlete triad, effects of exercise, and exercise recommendations for women with the female athlete triad. 



Figure 13.1  Female athlete triad consisting of disordered eating, menstrual dysfunction, and loss of bone mass. 

Key Point
The female athlete triad is characterized by an interrelationship among eating disorders, menstrual dysfunction, and loss of bone mass. 
Pathophysiology of the Female Athlete Triad
Girls and adult women who participate in a sport that favors a lean physique such as gymnastics, figure skating, or long-distance running or a sport that has weight classes such as rowing, as well as female athletes who are required to wear revealing uniforms such as swimsuits or track uniforms, can be at increased risk for insufficient or unhealthy eating habits and subsequently the female athlete triad (90). 
Early detection of signs for the female athlete triad is important. Ten risk factors can be assessed: “(1) history of menstrual irregularities and amenorrhea; (2) history of stress fractures; (3) history of critical comments about eating or weight from parent, coach or teammate; (4) a history of depression; (5) a history of dieting; (6) personality factors (such as perfectionism and obsessiveness); (7) pressure to lose weight and/or frequent weight cycling; (8) early start of sport-specific training; (9) overtraining; and (10) recurrent and non-healing injuries” (39). 
Other sources (19, 78) provide the exercise professional with a list of common signs and symptoms of the female athlete triad:
 
	Irregular or absent menstrual cycles
	Constant feelings of tiredness and fatigue
	Sleeping disorders
	Stress fractures and recurrent injuries
	Self-restricted food consumption
	Constant efforts to be thinner
	Eating less food than what’s needed in an effort to improve performance or physical appearance
	Cold hands and feet

The interrelatedness of the three conditions that characterize the triad warrants an understanding of the pathophysiology of menstrual dysfunction, bone mass loss, and eating disorders. 
Menstrual Dysfunction
Young girls have their first menstrual cycle during puberty, typically at the age of 11 or 12 years (13). Low energy availability (low consumption of foodstuffs) or energy deficiency disrupts the proper functioning of the reproductive system in girls (i.e., ovaries and uterus) (13, 121). This can result in irregular or less frequent menstrual cycles (oligomenorrhea) (78). When three or more menstrual cycles are missed consecutively, the condition is considered amenorrhea. Not consuming sufficient amounts of calories in order to meet the demands of the body, energy expenditure, body growth, and basal metabolic functions, can delay the onset of menstruation until the age of 15 years (78). When the menstrual cycle becomes disrupted, less estrogen is produced from the ovaries and bone structure can be negatively affected. 
Bone Mass Loss

Osteoporosis is a progressive bone disease characterized by a decrease in bone mass or bone mineral density (143). Women with the female athlete triad are at a greater risk for lower levels of bone mass, which leads to osteopenia and possibly osteoporosis (143). Osteopenia and osteoporosis are diagnosed by a medical professional using a bone scan via dual-energy x-ray absorptiometry (DXA). According to the World Health Organization (143), osteoporosis is defined as having a bone mineral density 2.5 or more standard deviations below the mean peak bone mass of an average, healthy 30-year old woman as measured by DXA. Osteopenia is a condition in which bone mass or bone mineral density is lower than in an average, healthy 30-year old woman, with a score between −1.0 and −2.5, and is considered a precursor to osteoporosis. It should be noted that not all women who are diagnosed with osteopenia develop osteoporosis (143). Osteopenia occurs more in postmenopausal women due to the loss of estrogen and may worsen with a sedentary lifestyle, consumption of too much alcohol, smoking, or prolonged use of glucocorticoid medications (a class of steroid hormones with anti-inflammatory and metabolic properties; cortisol is the most common) (1, 30, 80). 
A diagnosis of osteoporosis, and possibly osteopenia, increases the risk for stress and full fractures because the bones are more brittle (1, 30, 80). There is also an imbalance in the cells that build bones and the cells that break down bone such that the process of bone breakdown occurs at a greater rate than replacement of bone (i.e., there is a net bone loss). This is also related to the decrease in energy availability and decrease in estrogen (14, 68, 71). There is a greater risk for bone-related issues during later years of life, like increased risk of fractures, if women have less bone mass by the third decade of life (e.g., 20-29 years) (51). Loss of bone mass is related to deficiencies in consumption of calcium and vitamin D (18, 56). 
Eating Disorders
The Diagnostic and Statistical Manual of Mental Disorders 
(DSM-5), published in 2013, provides updated details on feeding and eating disorders, which are both considered mental disorders (9). Feeding and eating disorders include the following conditions: anorexia nervosa, bulimia nervosa, pica, rumination disorders, avoidant/restrictive food intake disorder, and “other specified feeding or eating disorders” (OSFED), which, before 2013, was classified as “eating disorders not otherwise specified” (EDNOS) (9). Binge-eating disorder is a separate category classified in DSM-5, but before 2013 it was included under the classification of feeding and eating disorders. The cause of feeding and eating disorders is not entirely clear. Both biological and environmental variables seem to play a role (9). In general, medical treatments for feeding and eating disorders are effective and can include changes in diet, psychological treatments, and prescription medications. After about five years of treatment, approximately 70% of those with anorexia nervosa and 50% of those with bulimia nervosa recover. Binge-eating disorder recovery occurs in 20% to 60% of those affected. However, both anorexia nervosa and bulimia nervosa increase the risk of death (118). Anorexia nervosa and bulimia nervosa are estimated to affect 0.9% to 4.3% and 2% to 3% of women at one point in their life, respectively (117). Binge-eating disorders affect 1.6% of women per year (9). 

Anorexia nervosa is characterized by low body weight, obsessing about body shape and size, including the desire to look thin and fear of gaining any body weight, and restrictive eating behaviors (9, 84). Before 2013, amenorrhea (the absence of the menstrual cycle) was a required component to diagnose anorexia nervosa, but it is no longer required in DSM-5 (9). Many women believe they are overweight even though they physically are not. Various ways of obtaining weight loss include weighing self on a scale frequently, using laxatives, forcing oneself to vomit, exercising excessively, and eating only small amounts of food. Medical complications of anorexia nervosa include osteoporosis, reduction or loss of menses, infertility, and heart damage (9, 88). Anorexia nervosa arises from a complex interaction of psychological, behavioral, biological, and social variables. 
Some signs of anorexia nervosa include brittle hair and nails, dry and yellowish skin, constipation, muscle wasting and weakness, low blood pressure, sluggishness, and reduced body temperature making one feel cold (88). There is also a greater risk of heart damage, which can increase the risk of heart attacks, heart-related problems, and death (92). Also, energy consumed and energy expended from exercise are out of balance with this condition (9). When energy availability is low, individuals can experience lower muscle strength and power output and lower aerobic endurance capacity (36, 109). Low energy intake can also lead to a greater risk for illnesses, recurring illnesses, greater levels of fatigue, and slower recovery from bouts of exercise (32, 33, 76). Additionally, if the individual is young, an insufficient energy intake can disrupt normal growth patterns (78). 
Medical treatment for anorexia nervosa includes restoring the woman to a healthy body weight, treating any psychological issues, and reducing or eliminating the behaviors or thoughts that can lead to a relapse (88). Treatment solely via medication appears to have a limited benefit, however (102). 

Bulimia nervosa is a repeating pattern characterized by binge eating followed by other behaviors to compensate for the overeating, including forced vomiting (purging), excessive use of laxatives or diuretics, fasting, excessive exercise, or a combination of these behaviors (88). Women with this condition consume large amounts of food and then sense that they are out of control after these eating sessions (88). Binge eating is defined as occurring at least one time per week over the past three months (9, 84). Those diagnosed with bulimia nervosa typically have a normal body weight and are sometimes even categorized as overweight. Usually, bulimic behaviors are done in secret and reflect feelings of shame or guilt (88). Symptoms of bulimia nervosa include inflamed and sore throat, swollen glands, worn tooth enamel, acid reflux disorder, gastrointestinal distress from laxative abuse, dehydration from fluid loss, and electrolyte imbalance (levels of sodium, calcium, potassium, or more than one of these minerals that are too low or two high), which can lead to a possible heart attack (88). Medical treatment for anorexia nervosa includes reducing or eliminating the purging or binge-eating behaviors, treating psychological issues, or prescribing medications such as antidepressants (88). 

Binge-eating disorders have the five following criteria (9): 
 
	An episode of binge eating is characterized by eating, in a discrete period of time (e.g., a 1-hour period), a larger than normal amount of food in a similar amount of time and a lack of control over eating during the episode (e.g., a feeling that one cannot stop eating or control what or how much one is eating). 
	Binge-eating episodes that are associated with three or more of the following: eating faster than normal; eating until uncomfortably satiated; eating large amounts of food when not hungry; eating alone due to embarrassment about amount of food consumed; or feeling disgusted with oneself, depressed, or guilty after eating. 
	Feelings of significant emotional or psychological distress or anxiety regarding binge eating.
	Binge-eating episodes that occur at least once a week for three months.
	Binge eating is not associated with the repeated use of inappropriate compensatory behavior as is observed in bulimia nervosa (e.g., vomiting, using laxatives, or exercising excessively) and does not occur exclusively during the course of bulimia nervosa or anorexia nervosa. 

Medical treatments for binge eating are consistent with those for bulimia nervosa. The only medication approved by the Federal Drug and Food Administration for the treatment of binge eating, as of January 2015, was lisdexamfetamine (44, 48). 
The classification of other specified feeding or eating disorder (OSFED) includes an eating or feeding disorder not fully meeting the DSM-5 criteria for anorexia nervosa, bulimia nervosa, or binge-eating disorder (124). The OSFED classification includes five conditions: atypical anorexia nervosa, atypical bulimia nervosa and binge-eating disorder (both with low frequency, limited duration, or both), purging disorder, and night eating syndrome (9). Atypical anorexia nervosa includes all the criteria for anorexia nervosa except that body weight remains within normal ranges even though weight loss occurs. Atypical bulimia nervosa and the category of binge-eating disorder include all the criteria for bulimia nervosa and binge-eating disorder, respectively, except that the binge eating occurs less than once per week or for fewer than three months. Purging is a category of self-induced vomiting or misusing laxatives, diuretics, or enemas to control body weight. Night eating syndrome is repeated episodes of eating at night, such as excess calorie intake after dinner or awakening from sleep and then eating (9). Research shows that night eating syndrome should include the consumption of at least 25% of daily caloric intake after dinner, awakenings during the night with intake at least two times per week, or both (4). Symptoms of purging include frequenting the rest room right after a meal, frequent use of laxatives, obsession about body weight, and signs of excessive vomiting including swollen cheeks, popped eye blood vessels, and yellow teeth (86). 
Briefly, pica is characterized as having an appetite for nonnutritive substances such as paper, chalk, or sand. Complications of the condition arise from issues associated with the consumption of the substances such as gastrointestinal stress and blockages (9). Rumination disorder is characterized by “effortless regurgitation following most meals induced by involuntary contraction of the abdominal muscles where there is no retching, nausea, heartburn, odor, or abdominal pain associated with the regurgitation” (9). The cause is unknown. Avoidant/restrictive food intake disorder, also known as selective eating disorder, is characterized by prevention of consuming certain types of food. The change in eating can be caused by significant weight loss, nutrition deficiency, use of a feeding tube or dietary supplements, or a significant psychosocial interference (9). 
Common Medications Given to Women With the Female Athlete Triad
There are no medications that are prescribed to a woman or girl because she has been diagnosed by her physician or other health care professional with female athlete triad, but there are medications used to treat a condition related to or within the female athlete triad. For example, a woman who has a menstrual dysfunction and is at risk for osteoporosis may benefit from being on estrogen, or, if the physician is concerned about long-term estrogen use, an estrogen agonist–antagonist that targets some tissues (brain and bone) but acts as an antagonist in other tissues (breast or endometrium). For women who have a diagnosed eating disorder, antidepressants may be helpful. 
For additional details, including a summary of common side effects and the medications’ effects on exercise, see medications tables 13.1 and 13.2 near the end of the chapter. 
Effects of Exercise in Women With the Female Athlete Triad
An obvious outcome of exercise, of any type, is caloric expenditure and the potential impact that it has on overall caloric balance. For a woman exhibiting any of the three conditions of the female athlete triad, insufficient energy availability—and its resulting effects—can be exacerbated by even the most minor amount of caloric expenditure. Therefore, exercise can increase risk and severity of the female athlete triad. 
Exercise Recommendations for Women With the Female Athlete Triad
Recovery and treatment related to any of the three conditions of the female athlete triad do not progress at the same rate (39). Energy availability in the body can take only days or weeks to recover and improve. Once energy availability has improved, over a few months, menstrual status will likely be recovered and improved. However, bone mineral density recovery can take up to several years upon improvements in energy status to the body along with adequate estrogen levels (39). With respect to recovery of energy status, the individual should first work on attaining the body weight at which normal menses was last observed. 
Exercise recommendations for women with eating disorders include shifting attention from training and competition to treatment (depending on the woman’s medical status) and making modifications to exercise type, duration, frequency, and intensity (17, 90, 126, 127) to decrease overall energy expenditure (39). Further, it is recommended that the calculated body mass index be increased to ≥18.5 kg/m2 (normal-weight body mass index is 19-24.9 kg/m2). Body mass index is derived from a ratio of body weight to body height and categorizes a woman as underweight (≤18.5 kg/m2), normal weight (19-24.9 kg/m2), overweight (25-29.9 kg/m2), or obese (≥30 kg/m2) based on that calculated value. 
If the female athlete triad is exacerbated by low bone mass, the recommendations are to increase energy intake (e.g., to at least 2,000 kcal/day) and vitamin D and calcium consumption (39), as well as adding resistance exercise to improve bone mass and muscle strength (63). However, high-impact movements should be avoided as they could lead to the risk for fractures (72). 
Key Point
Women should have preexercise screenings for symptoms associated with the female athlete triad. Exercise professionals should be aware that there is a complex interaction of psychological, behavioral, biological, and social variables related to the female athlete triad. 
Prevention of the Female Athlete Triad
The best way to prevent the female athlete triad is through education of the exercise professional, coach, athlete, and parents about components, signs, and symptoms (9, 18, 90). The best care is through an integrated team approach consisting of the coach, exercise professional, medical care, and nutritional and psychological counseling (9, 18, 90). This integrated approach is outside the scope of practice of a single certified exercise professional; thus, the best practice is to refer to a licensed professional (i.e., physician, registered dietitian, psychologist) with consultation with the coach. It is, however, important to have a working knowledge about maintaining healthy body weight, along with activities that expend calories, to provide education and support to the athlete. First and foremost, though, prevention begins with a healthy attitude toward food and exercise and possible preparticipation screenings (61, 82, 132, 139). 
The following are five guidelines that can aid in the prevention of the female athlete triad (18, 39, 90, 111, 121).
 
	Keep a written record of the monthly menstrual cycle and discuss with a physician or other health care professional if any changes in the menstrual cycle occur. 
	Keep track of daily caloric consumption in order to maintain energy availability to the body and to maintain body weight.
	Eat every 3 to 4 hours, with three meals a day and at least two snacks to provide energy for exercise and recovery from exercise (77). 
	Consider snacks as a mini-meal with constituents that are nutritious and healthy and that fit into the person’s lifestyle (67). 
	Keep a written record of daily exercise including mode, type, time, and intensity. This record can be used to track the amount, type, and intensity level of the woman or girl and assist the exercise professional and integrative health team in prevention or treatment of symptoms or components of the female athlete triad. 

Table 13.1 provides additional suggestions and strategies to help reduce the risk of the female athlete triad. 




Female Athlete Triad

Case Study

Ms. V, 21 years old, is an avid endurance runner and is not consuming the number of calories required to balance and offset the calories expended via her training. Her body mass index is 17 kg/m2, which is categorized as under normal weight. She has had a reduction in the frequency of regular menses (i.e., menses not occurring on a regular monthly basis). She has consulted with her physician, who is concerned about her body weight, body mass index, and reduced caloric intake. She has not been diagnosed with an eating disorder, osteopenia, or osteoporosis, although her estrogen levels are on the low end of the normal blood estrogen range. Ms. V has also consulted with a registered dietitian who is working with her to increase caloric consumption as well as increase calcium and vitamin D in her diet, which have been determined to be deficient. 

It is not the role of the exercise professional to work on this case alone but rather to work in concert with other allied health professionals in a team approach to assist Ms. V through various treatment options. First, the registered dietitian has recommended an increase in caloric consumption to at least 2,000 kcal/day to improve body weight and body mass index and an increase in vitamin D and calcium-rich foods to maintain or improve bone mass. A psychologist might work with Ms. V on psychological concerns related to the female athlete triad. The physician would closely monitor her treatment and recovery process in collaboration with the other allied health and exercise professionals. 

It is recommended that Ms. V reduce her training volume until caloric consumption can be increased to improve body weight. Once intake levels of calories and protein have been determined by the registered dietitian to be adequate, the exercise professional can design a resistance exercise program (e.g., a two- or three-day per week program composed of 8-10 different exercises targeting all major muscle groups including multijoint exercises [108] using 8-12 repetitions per set). Resistance exercise can be completed using various modes and equipment including free weights, resistance bands, machines, and medicine balls (108). For weeks 1 through 3, three sets of 8 to 12 repetitions of both lower and upper body exercises can be completed on two days per week. The resistance is lighter during this time to accommodate the start of a resistance training program. For weeks 4 through 6, once nutritional intake is maintained, three sets of 8 to 12 repetitions can be completed on three days per week. Since changes in bone remodeling can take at minimum six months (1), resistance exercise training would need to continue at least for this time period. 
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Pregnancy and Postpartum 
Many physiological changes occur in the body during pregnancy, and it has been shown that being physically active during pregnancy poses little risk to the mother and baby if there are no pregnancy-related complications (6). During pregnancy, exercise can help to maintain health and fitness levels, assist with weight management, reduce incidence of gestational diabetes, and improve psychological health (6). It has also been shown that being physically active during postpartum can assist in weight loss, in particular with respect to the body fat added during pregnancy, and improve fitness levels and psychological well-being without altering milk production necessary for breastfeeding (6, 42, 74, 75, 104). In this section, we address the pathophysiology of pregnancy and postpartum, common medications and over-the-counter supplements, effects of exercise, and exercise recommendations for pregnant and postpartum women. 
Pathophysiology of Pregnancy and Postpartum
Pregnancy is marked by increasing weight gain over an approximate 40-week period commensurate with development of the baby and supportive structures, and is divided into trimesters each lasting approximately 12 to 13 weeks (5). The menstrual cycle ceases, the lining of the uterus thickens, and blood vessels and blood volume expand to accommodate an increased blood flow to nourish the baby (5). 
Pregnancy hormones include estrogen, progesterone, human chorionic gonadotropin, human placental lactogen, relaxin, and prolactin (5). As pregnancy continues, progesterone prevents the uterus from contracting until the delivery date, and decreased prostaglandin production allows the baby to grow. During pregnancy, estrogen has an anabolic effect on the body to promote breast tissue development and blood vessel enlargement, as well as regulating levels of progesterone. During the third trimester, estrogen and progesterone can be nearly 100-fold and 10- to 15-fold higher, respectively, than nonpregnant levels (5). In combination, estrogen and progesterone control the beginning of breast milk production, which is initiated by the increasing levels of prolactin. During postpartum, estrogen and progesterone decrease, allowing prolactin to stimulate breast milk production. Progesterone can also cause hyperventilation episodes at rest due to progesterone’s effect on the brain’s respiratory center (16, 60). 
Human placental lactogen can function like growth hormone to alter metabolic properties to deliver more energy to the growing baby. It does this by decreasing insulin sensitivity to allow increased levels of glucose in order to ensure adequate nutrition to the baby. Fat breakdown is also increased to deliver more free fatty acids to the growing baby. Adequate amounts of energy through proper nutrition are needed to nourish the growing baby and allow for proper weight gain during pregnancy. If caloric intake is not appropriate, hypoglycemia (e.g., low blood glucose levels) may occur, resulting in nausea, fatigue, dizziness, and fatigue (79, 130). 
The amount of weight gain recommended during pregnancy to support maternal health and baby growth depends on the woman’s prepregnancy body mass index (table 13.2) (5, 107). During pregnancy and postpartum, women can become less physically active and gain body weight, thus increasing the risk of developing sedentary-based diseases such as obesity and gestational diabetes (41, 54, 95, 99). Given that over 60% of the U.S. population is overweight or obese, there is concern with respect to additional weight gain during pregnancy that might continue during postpartum (52, 62, 91, 110). Starting a pregnancy when one is overweight or obese increases the likelihood of excessive pregnancy weight gain (twofold higher likelihood compared with normal-weight women) (26). 




The incidence of lower back pain during pregnancy is common; the cause of its development is unclear but likely is related to increasing body weight and changes in hormones (74, 104). One such hormone is relaxin, which softens ligaments of the pelvis allowing for passage of the baby during delivery, thus perhaps increasing joint laxity. However, relaxin also affects other joints in the body and may lead to inflammation and pain. Back pain can also extend into the postpartum period. 

Postpartum

is the period immediately following birth through about six weeks after delivery. The physiological and body changes that occur with the processes of pregnancy can persist from one to two months postpartum. Within four or five days postpartum, estrogen and progesterone levels decrease and there is a rapid drop in progesterone, which allows prolactin and cortisol to bind to receptors on cells to initiate the lactation process. Oxytocin from the pituitary gland in the brain is released upon nipple suckling by the baby and is responsible for the milk ejection reflex (i.e., milk “let-down”). Oxytocin also stimulates uterine contractions, which, postpartum, assist in the uterus returning to prepregnancy size. During breastfeeding, the menstrual cycle and thus menses may not return to normal levels until six to nine months postpartum (136). During the postpartum period, musculoskeletal changes in the pelvic floor muscles and pubic symphysis continue (74, 104). The laxity in the ligaments of the pubic symphysis in the pelvis can cause pain during movement, but performing pelvic floor exercises can reduce the pain and help prevent urinary incontinence (74, 104). 
Key Point
Although many physiological and body changes that occur during pregnancy return to normal after delivery, changes persist during the postpartum period that can affect a mother’s exercise program. 
Common Medications Given to Women During Pregnancy and Postpartum
In consultation with a medical professional, pregnant women might take over-the-counter remedies to alleviate various side effects of being pregnant. These can include headaches, constipation, hemorrhoids, diarrhea, nausea, bloating, and heartburn. Medications table 13.3 near the end of the chapter provides a summary of common over-the-counter remedies and their side effects. 
Also, during pregnancy most women take a prenatal vitamin supplement that contains folic acid, calcium, and iron to help prevent brain and spinal cord defects and increase bone growth in the baby, retard the loss of bone mass in the mother, and improve the oxygen-carrying capacity of the mother’s and baby’s red blood cells. Although folic acid is found in green leafy vegetables, nuts, beans, citrus fruits, and many fortified foods, its critical role in fetal development is the reason for the recommendation that women take a supplement (400 μg/day one month before conception and 600 μg/day during pregnancy). Daily iron and calcium intake should be 27 mg and 1,000 mg, respectively; and because vitamin D helps the body absorb calcium, 600 IU should be taken daily (5). 
Effects of Exercise in Women Who Are Pregnant or Postpartum
There are numerous benefits for pregnant women of engaging in moderate intensity exercise for at least 30 minutes per day (38, 103, 105). Benefits include promotion of muscle strength and endurance; increased energy; improvement in body posture; improvement in sleep; improvement in overall mood; decrease in backaches, bloating, swelling, and constipation; improvement in the ability to manage labor; and allowing for an easier return to prepregnancy body shape (6, 7). Aerobic exercise training can also reduce the incidence of gestational diabetes by 55% (116). 
Despite these reported benefits, some research does not support strenuous exercise or activity during pregnancy (3, 120). Further, an extensive review of literature by Hinman and colleagues (2015) showed that although exercise is safe for the mother and fetus, research is inconsistent regarding proposed benefits of strenuous exercise during pregnancy such as preventing gestational diabetes, preeclampsia (high blood pressure in the pregnant woman), or perinatal depression. However, the authors noted that in a normal pregnancy, the use of moderate- to high-intensity exercise is safe for the developing baby (55). In support of this, women in their first 20 weeks of pregnancy who participated in physical activity including walking and stair climbing showed reductions in preeclampsia compared to women who were not physically active during that same time period (6, 74, 119). 
Pregnant women may become overheated during exercise, which can lead to dehydration (6, 7). During pregnancy, blood flow to the skin naturally increases, and exercising in hot, humid environments could put undue stress on the mother’s body and developing baby due to increased redirection of blood to the skin for cooling (8). Pregnant women exercising in a 33°C (91.4°F) swimming pool experienced slight increases in core body temperature but were deemed within safe limits (20). 
Another effect of exercise during pregnancy that the exercise professional should be aware of is that while lactic acid production is a normal outcome of exercise, even a small lowering of pH during exercise in the woman can affect the baby and its oxygen levels. However, adequate buffering of this lactate can decrease the chances of a drop in pH in the woman (96). 
Women who were lactating and breastfeeding during a 24-week postpartum period showed an improvement in maximal oxygen capacity, lower total body fat, and more energy expended during moderate exercise without any change to the production in breast milk (75). Even women who were not physically active during pregnancy and early postpartum derived significant benefits after starting an exercise program eight weeks postpartum (42). These previously sedentary women lost 3.5 pounds (1.6 kg) and improved their aerobic capacity after 12 weeks of exercise at 60% to 70% of their heart rate reserve with no change in breast milk production. 
Exercise Recommendations for Women During Pregnancy and Postpartum
According to the physical activity guidelines published by the U.S. Department of Health and Human Services, it is recommended that pregnant women who are healthy should get at least 150 minutes per week of moderate intensity aerobic activity, such as brisk walking, during and after their pregnancy, distributing the activity throughout the week (135). Healthy women “who already do vigorous intensity aerobic activity, such as running, or large amounts of activity can continue doing so during and after their pregnancy provided they stay healthy and discuss with their health care provider how and when activity should be adjusted over time” (28). However, pregnant women who were previously sedentary or engaged in only moderate intensity exercise should not engage in vigorous intensity exercise during pregnancy (6, 7, 47, 129). 
It was recommended in the past that exercise activity during pregnancy be reduced to heart rate levels below 140 beats/min (15). However, there is limited current research to support that recommendation in relation to the developing baby. For example, a study by Szymanski and Satin (128) evaluated the baby’s cardiovascular response in active and sedentary women participating in moderate and vigorous aerobic exercise. Neither moderate- nor vigorous-intensity exercise by either group negatively affected heart rate or blood pressure. To guard against a blunted heart rate response to exercise, the American Congress of Obstetricians and Gynecologists recommend that moderate intensity aerobic activity should be assigned and monitored using a rating of perceived exertion (RPE) rather than heart rate (6, 7). On a 6- to 20-point scale, an RPE of 13-14 (corresponding to somewhat hard) should be used (6, 7). 
Prolonged exercise should occur in a thermoneutral environment or under air conditioning, and maintaining hydration and consuming sufficient calories to maintain energy availability are priorities (6). Some warning signs indicate that women should stop exercising and seek medical attention. These signs include vaginal bleeding, shortness of breath before exercise, dizziness, headache, chest pain, muscle weakness, calf pain or swelling (need to rule out inflammation of the vein caused by blood clots), preterm labor, decreased fetal movements, and amniotic fluid leakage (7). 
It should also be noted that several studies have shown that there is an increase in the positive connection between a pregnant woman and her partner or spouse during this time (100, 112). Thus one way to engage pregnant women in exercise may be to have their partner exercise with them. 
Key Point
Exercise should be stopped and pregnant women should consult their physician or other health care professional immediately if negative signs exist around exercise, including vaginal bleeding, regular painful contractions, amniotic fluid leakage, dyspnea before exertion, dizziness, headache, chest pain, muscle weakness affecting balance, or calf pain or swelling. Pregnant women should avoid exercise in a supine position after the first trimester. 
After the first trimester, exercises lying on the back should be avoided as this puts undue pressure on the vena cava in the abdomen, reducing blood flow to the heart and uterus and thus making the woman feel dizzy, short of breath, and nauseated (6, 7). It also increases orthostatic hypotension (i.e., low blood pressure when standing up or stretching) (31). Also, holding one’s breath should be avoided due to the accompanying increased blood pressure and potentially negative effects on the baby (12, 106, 128). 
Involvement in sports and activities that have high contact, such as ice hockey and soccer, could cause trauma to both the woman and developing baby and as such should be avoided. Also, activities involving a high risk of falls, such as skiing and exercising at high altitudes, put the pair at additional bodily risk (7, 10). Other risks for injuries and falls are related to the shift in balance within the body and should be acknowledged in exercise programming. Exercises performed in the water are appropriate as they present a low risk of injury while combining both aerobic and muscle-strengthening exercises (10, 20). Additionally, aquatic exercise causes less stress upon the joints (10, 20). 
Resistance exercise training can be performed during pregnancy; however, safety is paramount. In the second and third trimesters, exercises should not be performed in a supine position; and if a pregnant woman will complete more than one set of each exercise, the rest period between the sets should be longer (2-4 minutes) to allow for recovery of energy sources and heart rate (12, 103, 106). 
A variety of resistance training exercises can be performed using machines, free weights, elastic bands, elastic tubing, and, in some cases, simply body weight. Note, though, that the use of certain machines can be a limitation as their design may be less accommodating to the pregnant woman’s body. Upper and lower back resistance exercises can be done to enhance posture and maintain pelvic alignment since the uterus and breast tissue are enlarging and shifting the center of gravity forward (141), which places undue stress on the lower back. Abdominal exercises should focus on improving the muscle strength needed during labor and delivery and can include isometric muscle actions (while breathing normally) to reduce risk of diastasis recti (a separation of the two sides of the rectus abdominis muscle). Table 13.3 presents a summary of basic exercise program guidelines for women who are pregnant. 




During the postpartum period, women should resume exercise gradually due to the detraining effect that may have occurred during pregnancy, as well as physiological and anatomical changes that are still occurring after birth including musculoskeletal changes in the pelvic floor muscles and pubic symphysis (74, 104). Performing Kegel or pelvic floor exercises (i.e., repeatedly contracting and relaxing pelvic floor muscles to improve muscle strength) during pregnancy and postpartum can assist in the restoration of musculoskeletal function in the pelvic floor muscles (87, 104) and alleviate urinary and anal incontinence, pelvic organ prolapse, sexual dysfunction, and chronic pain (21). Further, Pilates exercise that begins 72 hours postdelivery and is performed five days per week has been shown to improve the quality of sleep in postpartum women (11). Brisk walking is also a good mode of exercise after giving birth, and this can prepare the woman for higher-intensity and strenuous types of exercises to be added progressively during the postpartum time period (6, 7). 
Pregnancy and Postpartum

Case Study

Mrs. G, 25 years old, is in the first trimester of pregnancy (weeks 1-12). She wishes to begin an exercise program as her obstetrician–gynecologist has told her that exercise could be beneficial both to herself and to the baby. She meets with an exercise professional at four weeks into her pregnancy. She has reported to the exercise professional that she has had no physiological complications during her pregnancy and thus is deemed a low-risk pregnancy. The exercise professional first reviews Mrs. G’s exercise history with her. The exercise professional is careful to note the safe exercises that can be performed during pregnancy. The exercise professional begins each exercise session with a proper warm-up consisting of low-impact stretches of all the major muscle groups. Since Mrs. G is at only four weeks of pregnancy, these stretching exercises can be done lying down. 

For resistance training, the exercise professional recommends starting with one or two sets of 12 to 15 repetitions for seven or eight primary exercises at an intensity that is challenging but does not result in maximal fatigue. Over the next five to six weeks, one or two more exercises can be added by alternatingly adding an upper body exercise one week followed by a lower body exercise the next week and so on. Aerobic training of up to 30 minutes of moderate intensity (up to an RPE of 12-13) can be performed three days per week. Over the next six weeks, if tolerated, an additional day of exercise can be added. 

Beginning in the second trimester, all stretching and resistance training exercises that were performed in a supine position are modified to be side-lying or on all fours. 

During the last several weeks leading up to delivery, the exercise professional can consider decreasing the volume of exercise and amount of resistance or intensity. During all of these sessions, the exercise professional needs to make sure that Mrs. G is staying well hydrated and looking for any warning signs to stop the exercise session. During each session, the exercise professional stresses the use of Kegel exercises to strengthen the pelvic floor muscles for delivery and reduce urinary incontinence. 

During the postpartum period, if Mrs. G has been medically cleared to continue the exercise program, the exercise professional needs to gradually increase the exercise to moderate intensity to improve weight loss and fitness without affecting breast milk production if Mrs. G decides to breastfeed. 
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Menopause and Postmenopause 
During menopause and postmenopause, a number of hormones in the body undergo changes; the most notable change is decreases in estrogen. Decreases in estrogen are associated with changes in bone and fat metabolism. The changes in estrogen can lead to osteoporosis, which occurs due to an imbalance in the bone remodeling system such that bone becomes more porous and brittle, subsequently leading to increased fractures. Both aerobic and resistance exercise are beneficial for women experiencing menopausal symptoms and psychological issues, as well as for enhancing muscular strength and increasing bone mass and density. Improvements in both the physical and psychological aspects of health thus can improve not only overall health but also quality of life. In this section, we discuss the pathophysiology of menopause; postmenopause and osteoporosis; common medications and over-the-counter supplements; exercise effects; and exercise recommendations for women with menopause, postmenopause, and osteoporosis. 
Pathophysiology of Menopause and Postmenopause
Menopause (from the Greek words men [month] and pausis [cessation]) occurs beginning in the fifth or sixth decade of life (i.e., 40-50 years of age) (34, 50, 101, 114). Menopause is characterized by the loss of ovarian follicular function and subsequently cessation of childbearing. There is a transition period between childbearing years and menopause called perimenopause, which lasts five to eight years (34, 50, 101, 114). During perimenopause, symptoms include rapid heart rate; vasomotor inability to regulate body temperature (hot and cold flashes); mood changes; depression; irritability; anxiety; sleep disturbances; cognitive issues such as lack of focus or concentration; bladder irritability; and an erratic ovulatory cycle resulting in irregular menses, heavy bleeding, and vaginal dryness (34, 50, 101, 114). 

Postmenopause is defined as no menses for a 12-month period during which a woman is not pregnant or lactating. In the case in which the uterus is not present, postmenopause is determined by a very high blood level of follicle-stimulating hormone (34, 50, 101, 114). Women may experience headaches, fatigue, itchiness, night sweats, back and muscle pain, ringing in the ears, dry skin and cracked heels, loss of lean muscle mass, weight gain, increase in visceral abdominal fat, bloating, indigestion, constipation, low libido, hypo- or hyperthyroidism, cravings, increased fungal infections, heavy eyes, loss of memory, thinning hair, heart palpitations, or a combination of any of these (70). Those experiencing menopause also have an increased risk of cancer, type 2 diabetes, osteoporosis, or cardiovascular disease (125). 
One concern of menopausal and postmenopausal women is the increased risk of osteoporosis. Osteoporosis affects almost 10 million Americans, most of whom are women (35, 89, 94). Osteoporosis makes bones more porous and thus fragile due to negative changes in estrogen and loss of calcium (35, 89, 94). The bones are placed at an increased risk of fracture, especially in the spine, hip, and wrist (35, 89, 94). The following characteristics are associated with an increased risk of osteoporosis (94): 
 
	Being female
	Being small-boned
	Caucasian or Asian descent
	Age over 55 years
	Family history of osteoporosis or hip fractures
	Physical inactivity
	Diet low in calcium and vitamin D
	Smoking
	High consumption of alcohol

Key Point
Menopausal and postmenopausal women are at a greater risk of experiencing a spine, hip, or wrist fracture and developing osteoporosis than men or younger women. 
Bone constantly renews and adapts through a process called remodeling that consists of two stages: bone resorption (breakdown or removal) and bone formation (growth). During resorption, cells called osteoclasts on the bone’s surface break down bone tissue and create small holes. During formation, other cells called osteoblasts fill in these holes with new bone. Usually, a balance exists between the action of the osteoclasts and osteoblasts; but during menopause, an imbalance results, leading to greater net bone loss and increased risk of fractures. 
In addition to changes in bone tissue, there are also changes in several estrogen-related hormones. Estrone is widespread throughout the body and the only one of these hormones present after menopause; estriol is derived from the placenta during pregnancy. Estradiol is the primary sex hormone in women, formed in the ovaries and responsible for female characteristics, and is also important to bone health (23). 
Estrogen can have dramatic effects on fat distribution, exercise, and metabolism by increasing activation of the receptors in the lower body and slowing the release of fat, thereby contributing to the “pear” shape of fat distribution in women (98). Additionally, estrogen seems to have an antithyroid effect, which influences metabolic rate (137). An increase in thyroid hormones plus epinephrine can promote fat metabolism, but the use of hormone replacement therapy seems to be ineffective at promoting fat loss; some women even gain body weight while on hormone replacement therapy (137). The interaction of estrogen with other hormones can provide some understanding of why women do not immediately lose weight while on hormone replacement therapy (98, 137). 
Common Medications for Menopause-Related Osteoporosis
There are two categories of common osteoporosis medications: antiresorptive medications and anabolic medications (see medications table 13.1 near the end of the chapter; some medications associated with treating osteoporosis within the female athlete triad are also used to treat menopause-related osteoporosis). The goal of antiresorptive medications is to prevent bone loss and lower the risk of breaking bones. When women first take these, they stop losing bone as quickly as before but still make new bone at the same pace; therefore, bone density can increase (48, 133, 142, 144). The goal of anabolic medications is to increase the rate of bone formation and thus bone strength (48, 133, 142, 144). 
Common Medications for Menopausal Symptoms
An approach to treating menopause symptoms is with hormone replacement therapy. Such medications can reduce the frequency and severity of hot flashes; improve irritability and sleep disorders related to hormonal changes; increase skin collagen level, which is responsible for the stretch in skin and muscle; and assist in decreasing postmenopausal osteoporosis by slowing bone loss and promoting increase in bone density (48, 133, 142, 144). Side effects of these medications can include headaches, nausea, fluid retention, weight gain, and breast tenderness; but these effects may subside after the first few weeks (48, 133, 142, 144). Other more serious potential side effects include increased risk of breast cancer, heart disease, stroke, and blood clots (144). Various factors have been shown to affect the risk of these side effects, including the specific type of therapy and the timing and duration of treatment (53, 113). 
If a woman cannot take hormones or chooses not to, other medications can help reduce some of the symptoms of menopause. Low doses of medications that are commonly used as antidepressants (e.g., escitalopram, fluoxetine, paroxetine, and venlafaxine) may reduce the frequency and severity of hot flashes (22, 49). Also, paroxetine and a conjugated estrogens–bazedoxifene formula have been developed specifically to treat hot flashes (140). For additional details, see medications table 13.4 near the end of the chapter. 
Effects of Exercise in Women Who Are Menopausal or Postmenopausal
Reductions in estrogen levels in women are reported to be the main cause of the symptoms associated with menopause (94). Regular exercise can alleviate the more common symptoms in menopausal women by improving the cardiorespiratory system (43, 65, 73), psychological health (46, 134), and overall quality of life (2). 
Especially as it relates to menopause-associated osteoporosis, resistance training has been shown to improve bone mass due to mechanical strain, which can stimulate bone growth and thus improve bone strength, thereby reducing the risk of fractures (35). Further, a four-year exercise program with a combination of aerobic endurance, jumping, and resistance training exercises of high intensity and low volume in early postmenopausal women supplemented with calcium and cholecalciferol showed positive benefits on blood lipids, increased muscular strength, and maintenance of bone mass in the spine and femoral head (64). Older adults who varied the intensity of a three times per week resistance training program improved their ability to perform daily activities of living (58, 59). 
Key Point
Resistance training that sufficiently loads the body can stimulate net bone growth and reduce the risk of femoral fractures.
There is not enough information to determine any positive benefits in relieving menopause symptoms through yoga (37, 45, 93). However, moderate aerobic exercise has been shown to provide improvements in sleep quality, insomnia, and mood (123). Exercising just 3 hours per week for 12 weeks showed improvements in both physical and psychological health, overall quality of life, and decreased symptoms of menopause (138). Even light-intensity exercises such as walking and dancing led to similar improvements (40). 
Exercise Recommendations for Women Who Are Menopausal and Postmenopausal
Much of the attention on exercise recommendations focuses on menopausal and postmenopausal women who are at risk of or who have osteoporosis. See table 13.4 for a sample beginning program and figures 13.2 to 13.6 for exercises that specifically improve spinal flexibility and strength. Of note, resistance training is a priority to increase bone density and muscle strength, assist in the oxidation of body fat, and increase metabolism and body functions that are affected during menopause (27, 66). More specifically, Howe and colleagues (57) suggested that exercises to improve bone mass at the femoral neck should be done through progressive resistance training of the lower body. For exercises to improve bone mass at the spine, women should perform a combination of aerobic and resistance training exercises (57). 
Although they are beneficial to overall health, walking, jogging, and running do not seem to provide sufficient mechanical loading on bone to adequately promote improvements in bone mass (25, 80, 85). Therefore, performing resistance exercise that applies an additional external load on the body will promote greater bone mass increases in areas prone to fractures, including the wrist, hip, and spine (57, 63). However, a gradual progression needs to be applied; an increase of less than 5% per week is recommended (29). 
The exercise intensity should be sufficient to reach a desired threshold resulting in beneficial strength and bone mineral density changes. This is probably in the range of 80% to 85% of one repetition maximum (1RM). Multiple sets (e.g., two or three) in the 8- to 15-repetition range appear to be beneficial for this population (57). Power training might also be incorporated into the program; Stengel and colleagues (122) showed a reduction in the rate of bone loss at the hip and spine with performance of a fast or explosive concentric movement phase compared to a slow (4-second) concentric movement phase. At the beginning of a resistance training program, though, light loads (40-60% 1RM) and more repetitions are recommended (29). 




Spine-Specific Exercises for Osteoporosis




Figure 13.2  Prone press-up. 






Figure 13.3  Quadruped stabilization: (a) starting position, (b) ending position. 








Figure 13.4  Thoracic extension on a foam roll. 






Figure 13.5  Thoracic extension with a pectoral stretch. 






Figure 13.6  Thoracic extension in a prone position. 



Menopause and Postmenopause

Case Study

Ms. B, 65 years old, has been diagnosed with osteoporosis. She wishes to begin an exercise program, mostly because she is interested in being stronger to do activities of daily living. The exercise professional wants to focus on an exercise program that offers a combination of aerobic, resistance, and flexibility exercises to improve overall cardiovascular health, increase bone mass and strength, increase muscle mass and strength, and improve range of motion. 

The exercise professional has developed the following exercise program for Ms. B, which can serve as a simple sample program for an older woman with osteoporosis. The goal, over time, is to progress to performing aerobic exercise two or three days per week and resistance training two or three days per week. Aerobic exercise can include walking, cycling, and swimming for 15 to 20 minutes at a light intensity (55% to <65% MHR) with a gradual progression up to 45 minutes at a moderate intensity (65% to <75% MHR). For resistance training, the program should begin with learning proper exercise technique and adjusting to the new program using light loads (40-60% 1RM) and more repetitions (15-20) for one set. Once proper technique has been learned, Ms. B could progress to two sets of 15 to 20 repetitions of, for example, the machine Smith squat (or leg press or leg extension exercise) and leg curl exercises and one set of 15 to 20 repetitions of the abdominal crunch, seated row, bench press, and shoulder press exercises. Then, in two-week phases, she can gradually increase the load, decrease the repetitions, and add sets until she is lifting moderate loads (60-80% 1RM) for fewer repetitions (8 to 15) and more (two or three) sets. 
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Conclusion 
Numerous concerns arise with women and girls with the female athlete triad, women who are pregnant and postpartum, and women who are menopausal and postmenopausal. The female athlete triad concerns three areas: menstrual dysfunction; eating disorders, which can limit the amount of energy available to the body; and loss of bone mass. A team approach on the part of professionals is typically used to assist girls and women in treatment and recovery outcomes. Pregnant women have concerns related to a shift of their center of gravity, back pain, joint laxity, and care for the developing baby. Exercise programming needs to be adjusted to accommodate these physiological and physical changes. During postpartum, the body is also changing, and the woman can be actively breastfeeding. Again, programming needs to be altered to start with a slow progression and intensity at first. Concerns during menopause and postmenopause are largely related to changes in estrogen levels. One main issue is osteoporosis, in which bone is more brittle and more susceptible to fractures. Programming can be aimed at improving both muscle and bone strength. 
Key Terms
 
	amenorrhea
	anorexia nervosa
	avoidant/restrictive food intake disorder
	binge-eating disorder
	body mass index
	bulimia nervosa
	
Diagnostic and Statistical Manual of Mental Disorders (DSM-5) 
	diastasis recti
	female athlete triad
	Kegel exercises
	menopause
	oligomenorrhea
	orthostatic hypotension
	osteoblasts
	osteoclasts
	osteopenia
	osteoporosis
	other specified feeding or eating disorder (OSFED)
	pelvic floor exercises
	perimenopause
	pica
	postmenopause
	postpartum
	preeclampsia
	remodeling
	rumination disorder

Study Questions
 
	Which of the following is a health issue that is a part of the female athlete triad? 	sarcopenia
	amenorrhea
	cardiomyopathy
	low body weight


	Greater than _______ standard deviation(s) below the bone mineral density of an average 30-year-old woman is considered osteoporosis, whereas _______standard deviation(s) below is considered osteopenia. 	1.0; 0.5
	1.0; 2.5
	2.5; 1.0
	3.0; 2.5


	Which of the following is a valid safety or health concern for pregnant women or women in the postpartum period? 	Moderate exercise can negatively affect breast milk production postpartum.
	Exercise causes overheating more easily in pregnant women.
	Exercise is likely to result in greater incidence of backaches.
	Moderate exercise can reduce blood flow to the baby.


	Adjustments to exercise practices for pregnant women in the third trimester include 	keeping the exercise heart rate below 140 beats/min
	performing only dumbbell exercises in the supine position
	monitoring exercise intensity using a rating of perceived exertion
	limiting total exercise time to 150 minutes per week of moderate-intensity aerobic activity






















Answers to Study Questions
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Figure 2.2 Medical History Questionnaire

Demographic Information

Tastname First name ‘Middle intial
Date of irth Sex FHome phone
Address ity Stae Zip code
Work phone Family physician

Section A

L When wasthe last time you had a physical examination?

2. 1 you are allergic to any medications, foods, or other substances, please name them.

3. 1fyou have been told that you have any chronic o serious ilnesses, pleaselst them.

4. Give the following information pertaining to the last 3 times you have been hospitalized

Note: Women, do not list normal pregnancies.
Hospialization 1 Hospitalization 2.~ Hospitalization 3

Reason for hospitalization
Month and year of hospitalization

Hospital
City and state
Section B
During the past 12 months
1. Hasa physician prescribed any form of medication or you? Oes ONo.
2. Has your weight fluctuated more than a few pounds? O¥es ONo
3. Did you attempt 10 bring about this weight change through dict o exercise?  (J¥es INo
4. Have you experienced any faintness,lightheadedness,or blackouts? O¥es ONo
5. Have you occasionally had trouble sleeping? OYes ONo,
6. Have you experienced any blurred vision? O¥es ONo
7. Have you had any severe headaches? O¥es ONo
8. Have you experienced chronic morning cough? O¥es ONo
9. Have you experienced any temporary change in your speech pattern,
such as slurring orloss of speech? O¥es ONo
10. Have you felt unusually nervous or anxious for no apparent reason? O¥es ONo

11 Have you experienced umusual heartbeats such as skipped beats or palpitations? 03¥es (INo.

12. Have you experienced periods in which your heart fel as though it were racing
for no apparent reason? O¥es ONo.
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At present
1. Do you experience shortness or loss of breath while walking with others

your own age? Oes ONo
2. Do you experience sudden tingling, numbness,or los o fecling in your arms,

hands legs,fet, or face? Oes ONo
3. Have you ever noticed tha your hands or fect sometimes feel cooler than other

parts of your body? O¥es ONo
4. Do you experience swelling of your feet and ankles? Oes TN
5. Do you get pains or cramps in your legs? Oes ONo
6. Do you experience any pain or discomfort in your chest? O¥es ONo
7. Do you experience any pressure or heaviness in your chest? Oes ONo
8. Have you ever been told that your blood pressure was abnormal? Oes ONo
9. Have you ever been told that your serum cholesterol or trglyceride level

was high? O¥es ONo
10. Do you have diabetes? O¥es ONo

1 yes, how is it controlled?

O Dictary means O Insulin injection 0 Oral medication (3 Uncontrolled
11 How often would you characterize your sress level as being high?

0 Occasionally OFrequently O Constantly
12. Have you ever been tokd that you have any of the following llnesses? Oes ONo

O Myocardial infarction ) Arteriosclerosis O Heartdisease () Thyroid disease
3 Coronary thrombosis () Rheumatic heart 0 Heart attack  (J Heart valve discase

03 Coronary occlusion 3 Heart failure 0 Heart murmur
O Heart block 0 Ancurysm 0 Angina

13. Have you ever had any of the following medical procedures? Oes ONo
O Heart surgery 0 Pacemaker implant

0 Candiac catheterization ) Defbrilator
0 Coronary angloplasty () Heart transplantation
Section C

Has any member of your immediate family been treated for or suspected to have had any of
these conditions? Please identify ther relationship to you (father, mother, sister, brother, ).

a. Diabetes.
b. Heart disease

e stroke

d. High blood pressure
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Table 6.4 Resistance Training Guidelines for Clients With Peripheral Arterial Disease
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Medications Table 7.5  Common Medications Used to Treat HIV/AIDS
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Table 6.7 Aerobic Exercise Guidelines for Clients With Chronic Heart Failure
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Table 7.5 Program Design Guidelines for Clients With HIV/AIDS.
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Table 8.4 Program Design Guidelines for Clients With Cerebral Palsy
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Figure 2.4 Medical Clearance Form Pertaining to a
Fitness Assessment and Exercise Program

Dear Health Care Professional

Your patint, has contacted usregarding the fitness evaluation
conducted by’ “The program s designed (0 evaluate the
individuals fitness status before embarking on an exercise program. From this evaluation, an
exercise prescription i formulated. Inaddition, other parameters rlated to health improvement
program are discussed with the participant. It s important to understand that this program is
preventive and is not intended t0 be rehabiliative in nature.

The fitness testing includes:

A comprehensive consultation will be provided to the participant that serves to review the
test results and explain recommendations for an individualized fitness program.
A summary of tes results and our recommendations will be kept on file and may be made
available 10 you upon request.
In the interest of your patient and for our information, please complete the following;
a. Has this patient undergone a physical examination within the lastyear o assess functional
capacity to perform exercise? Yes__No.
b. 1 consider this patint (please check one):
___ Class 1: presumably healthy without apparent heart discase eligible to participate in
an unsupervised program
Class 11 presumably healthy with one or more risk factors for heart disease eligible to
partcipate in a supervised program

__ Class I patient not eligible for this program, and a medically supervised program is
Tecommended

. Does this patient have any preexisting medical/orthopedic condition(s) requiring continued or
long-term medical treatment or ollow-up? Yes __No_

Please explain:

d. Are you aware of any medical condition(s) that this patient may have or may have had that
could be worsened by exercise? Yes__No__

. Please listany currently prescribed medication(s:

£. Please provide specific recommendations and/or list any restritions concerning this patients
present health status as it relates to acive participation in a fitness program.

Comments:
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Health Care Professionals sgnature: Date:
Clients name:
Phone (H): Phone (W)
Address:

AUTHORIZATION TO RELEASE MEDICAL INFORMATION

Iconsentto and authorize to release any medical information
concerning my ability to participate in an exercise program or fitness assessment. My authori-
zation is not valid beyond one year of signature

Patients name (print) Date.

Patients signature.
Please return this form to

Name.
Streetaddress
City, State, Zip
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Medications Table 6.1
Drug class and names
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Table 111 Comparison of Physiological Measures in Children and Adults
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Medications Table 5.1  Common Anti-Inflammatory Controller Medications Used
to Treat Asthma and EIB.
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Figure 2.3 Informed Consent

In order 0 assess cardiovascular function, body composition, and other physical itness com-
‘ponents, the undersigned hereby voluntarily consents to engage in one or more of the following
tests (check the appropriate boxes):

0 Graded exercise stress test
0 Body composition tests

O Muscle fitness ests.

Q Flexibility tests

Q Balance tests

Explanation of the Tests

The graded exercise test is performed on a cycle ergometer or motor-driven treadmill. The
‘workload i increased every few minutes wntl exhaustion or until other symptoms dictate that
‘we terminate the test. You may stop the test at any time because of fatigue or discomfort,

“The underwater weighing procedure involves being completely submerged in a tank or tub
afte fully exhaling the air from your lungs. You will be submerged for 3 to 5 seconds while
we measure your underwater weight. This test provides an accurate assessment of your body
compostion.

For muscle fitness testing, you lft weights for a number of epetitions using barbell or exer-
cise machines. These tests assess the muscular strength and endurance of the major muscle
groups in the body.

For evaluation of flexibility, you perform a number of tests. During these tests, we measure
the range of motion in your joins.

For balance tests, we will be measuring the amount of time you can mafntain certain stances.
or the distance you are able to reach without losing balance.

Risks and Discomforts

During the graded exercise test, certain changes may occur. These changes include abnormal
blood pressure responses, fainting, irregularities in heartbeat, and heart attack. Every effor is
made tominimize these occurrences. Emergency equipmentand trained personnel are available
to deal with these situations If they occur.

‘You may experience some discomfort during the underwater weighing, especially after you
expire all the air from your lungs. However, this discomfort is momentary, lasting only 3 to 5
seconds. Ifthis test causes you too much discomfort, an alternative procedure (e skinfold or
bioelectrical impedance test) can be used to estimate your body composition.

‘There is a slight possibiity of pulling a muscle or spraining a ligament during the muscle
fitness and flexibilty testing. In addition, you may experience muscle soreness 24 or 48 hours
afte testing. These risks can be minimized by performing warm-up exercises before taking the
tests. If muscle soreness occurs, appropriate stretching exercises to relieve this soreness will
be demonstrated.
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Expected Benefits From Testing

These tests allow us to assess your physical working capacity and to appraise your physical
fitness satus. The resultsare used to prescribe a saf, sound exercise program for you. Records
are kept strictly confidential unless you consent o release this information.

Inquiries

Questions about the procedures used in the physical fitness tests are encouraged. If you have
any questions or need additional information, please ask us to explain further.

Freedom of Consent

Your permission to perform these physical tness test s strictly voluntary. You are fee to stop
he tess a any point, ifyou so desre.

Ihave read this form carefully and 1 flly understand the test procedures that I wil perform and
the risks and discomforts. Knowing these rsks and having had the opportunity to ask questions
that have been answered to my satisfaction, I consent to participate in these test.

Date Signature of patient.
Date Signature of witness.
Date Signature of supervisor
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Table 13.2 Recommendations for Total and Rate of Weight Gain During Pregnancy Based
on Prepregnancy Body Mass Index (BM)
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Table 21 Classification of Blood Pressure for Adults
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Table 2.3 Time and Intensity Assignments for the Bruce Treadmill Test
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Table 2.2 Cardiovascular Endurance Classifications for Adults in mi - kg™ - min™)
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Table 10.6  Exercise Guidelines for Child Cancer Patients and Survivors Based on the
Recommendations in the Literature:
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Table 2.4

Equations for Estimating VO,max from the Bruce and Balke-Ware Treadmil Tests.
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Table 2.6 Work Rates for the YMCA Cycle Ergometer Test
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Table 2.5  Norms for the YMCA Step Test (Recovery Heart Rate in beats/min)

AGE (YEARS

i

ot B e o [

e e P P 4
. N T I T £ = R
= N o e e e
ot e e N e
Aboe average 100106 103110 | 104109 106113 1061 104114
o e i [
o o et e L e o

Rt permin fm 5. Moo 2011 Hosremen st ot . Chimpegn L





images/00057.jpg
azpan Valum)

donidne Catspred)

Bladder control

ontyin (Oitopa),
‘oterodine Detoll

Avtonomicdysefesia
subgual ttes trostal)

Exsrtthe oowing pes
ofsfect ol
sedatve, musc rlsan,
antksnwlant, andamnesc

Aonistof agha2
atrnegisysen.

Conpete ntagonist
ofcetycholneat
posgangianc uscrnc

fomfe radiaiic:
oxide (N0, which cttes
auanjitecdse which
Inceses i P
reslingnvasadiaton

Memor ses, drowsies,
e, musco weskress,
esthsnss, nausn, ool
Bhard ordoul vion, i
s lossof ido
Drymouth, drowsines,
iy, ood ses, s
problems, hesdohe e pan,
v, constpation dithea,
ncesed s, s of ido

nsomria,osetls,dazins,
dronsins, weokoes, sep.
problms,dspepsi, s,
headace, paresthos,decrased
idoand gsation anorra

Headach,dainss,
eadcnes,nausen s,
inging nder tongve

donidine Cataped) Simite s Diznes,
airenceporsoftran | Iypotension dry mouth,
stem, ey reducng | heodche e, s reactons,
sympatheicoutfon ptenson

cmate | b Uioryeention,

Gaforad betweenpregangioncand | Ipotension,tacycarda,
postgangian ewrons | precptationof angn, e,
nthe unonicnervous | nuses, o, dy ot
e extreme weokness,eststes,

vion probems, s, cing

Antidepressants

oowine Proz Theoactmechanism | nsonnia, dznes, drowsiness,

a0,
srtaine Qoo bupopion
ilbutin)

it hion of sotonin
uptlebyCls.

dspopss,anreia

Poenialfor educed o
paciy andbabce

Poentilfor educed e
paciy andbalce

Potenalfor educed e
paciy andbabnce

Poentlfor educedexe
pacty and baarce

Poenalfor educed o
paciy andbalice

Poentilfor educed e
pacty and baarce

Poentialfor ecucedexce
paciy and o






images/00056.jpg
Medications Table 5.3 Common Medications Used to Treat PH
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Medications Table 5.2 Common Short-Acting Reliever Medications Used to Treat
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Medications Table 6.2  Common Medications Used to Treat Peripheral Arterial Disease
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Table 6.8 Resistance Training Guidelines for Clients With Chronic Heart Failure
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Table 214 Norms for the Balance Error Scoring System (BESS) Test
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Table 213 Percent Body Fat Standards for Adults, Children, and Physically Active Adults
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Table 2.15b Standards for the 8-Foot Up-and-Go Test for Men (in Seconds)
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Table 8.7 Program Design Guidelines for Clients With Spinal Cord Injury
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Table 2.16a Standards for the 6-Minute Walk Test for Women (in Yards)
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Medications Table 5.4 Common Medications Used to Treat COPD
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Table 2.16b Standards for the 6-Minute Walk Test for Men (in Yards)
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Body Weight-to-Strength Ratio Norms for the 1RM Bench Press
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Medications Table 6.3 Common Medications Used to Treat Angina
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Table 2.8 Body Weight-to-Strength Ratio Norms for the 1RM Leg Press
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Table 2.9 Norms for the Partial Curl-Up Test
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Table 210 Norms for the Sit-and-Reach Test*
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Table 2.1 Norms for Waist-to-Hip Girth Ratio
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Table 6.9  Aerobic Exercise Guidelines for Clients With Prior Myocardial Infarction
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Table 2.20a Standards for the Chair Sit-and-Reach Test for Women (in Inches)
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Table 2.19b Standards for the 30-Second Arm Curl Test for Men (Number of Repetitions)
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Table 2.20b Standards for the Chair Sit-and-Reach Test Men (in Inches)
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Table 3.1 Program Design Guidelines for Clients With Low Back Pain
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Drugs used s painrlevers.

preabaln (yrical: icensed 35
ananteplep,ued 1o eat
dhonicpan

Antidepressants
anisptyine ) dorepn

{Par] ymbata (Dulseine)

Analgesics—pain kilers

acetaminophen (o),

‘il o, 07
)

4 Common Medications Used to Treat fibromyalgia

Prgabalinbinds tothe sghs
2t subuntof oltage
gated C chamls n the
Cenalnerous s,

Ther are mutpl asses
o

) {pin mnagement. Othr

antdepressants fect
et neroraniits

Serotoni reptake hbiors

SSR erfr with

the matrleupake of
neraitte.

Thse genealy are centaly

recucng e flow o pan
sigrals fom he bz

NSAIDS (onsteoidal antrnflammatory drus)

clecon (Caebren, sl
(olobid, eodob (o),

H5AIDs odk formaton of
Kt and COKZeraymes
thatcontlhefrnaton
ofpostagndins. (COK1
entynes ool e
fomationof prostagiandins
v o pomalogan
unction,and COX2
enzymes ool the
formationof prostagandins
mabed nthebody’s

lesssweling and pain)

Blured ision,dowsies, ud
etentio in perphe e,k
ol coorbastn, wiiht gan.

of ity o,z doy

Headach, s, raisea,
vomitng corstpation, dry
mout, edued el v,
estestes sy ceased
hest e, meractonswih
othrdugs

Anlgesics an causeallgc

e, hing cing s, upset
stomach, constpaton, darhes,
Gainess,and hadache

Upsetstomach, hadache, ey
brisig yperienson,fid
eteton,dyspepsia, g,

s, possbl skinashes

Potental e fects
may make th process o
e uncomfrtable A

Potentl e ffects
oyl eprcesl
S et
creproesionashoud
be consted f aymptans
become oosere:

NSAIDs e notnon
ohave negatie ffecs
on enrciepeformance;
Howew,some dey in
e et e
hasbeen

WAD s

Som evdence suggests
Pt NSAIS oy atenate
exrcise ecoey





images/00097.jpg
Mechanism of action

Most common
de cffects

oral cortcastrolds
predison (stapeed) | Immunosuppressantand
antinflmmatory agent
Immunosuppressive cytotoxic agents
anathiopine (zasan, | ot inmanecoll growth
Imura, cylophasphanide | and prffeaton thercby
(Cytoan), methotrerate | deceasing autoinmune
(el Rheumatie) | actity; suppress
inflnmation
Antfibroticinhibitors
inteda (e, Decreaseung fbross
pirferidone Esbrer, through ibiton o
Pilenex,Pespa) downtegulaton orboth)
ofvariousgrouth fctor
receptors: i flammtory
efects v reduced

inflammatory mediatos

ncreased sk o acure
and catarass, sk of
adenal suppresion, weight
i

May cause hypetensin,
myasthenia

Bloodinuine or stods,
bleeding qus,cest pi,
lower bck or side pain,
stomachpan, cough,
shotness of breath

Noknown effct

Abdominal pain, darhes,
nause, vomitng, dizies,
dyspepi, fatigue, sin s,
weghtlos

Mayncesse ecrcise:
tolerance

S E— Y





images/00096.jpg
Table3.2  Program Design Guidelines for Clients With Mild Posture Conditions
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Table 2.17a ~ Standards for the 2-Minute Step Test for Women (in Steps)
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Table 11.4  Sample Exercise Lesson for Children
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Table 2.17b  Standards for the 2-Minute Step Test for Men (in Steps)
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Table 2.18a Standards for the 30-Second Chair Stand Test for Women (Number of Repetitions)
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Medications Table 6.4 Common Medications Used to Treat Chronic Heart Failure
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Table 2.18b  Standards for the 30-Second Chair Stand Test for Men (Number of Repetitions)
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Table 2.19a  Standards for the 30-Second Arm Curl Test for Women (Number of Repetitions)
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Table 6.10  Resistance Training Guidelines for Clients With Prior Myocardial Infarction
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Medications Table 4.4 Common Medications Used to Treat Abnormal Lipid Levels

ug class and names Most common sida.
Statins, HMG-CoA reductase inibitors
lovastati (evcor, 61 discomiort, headaches musde

prvasatn (Pravachl simastatin
2o, sorasatin Lo,
rosuwastat Ceso, exetimbe and
Simistatin combinaton (Vytor,
2ot Zoco)

Niacin

aches, dronsiness, dizzinss,
myopaty e damage

niaspan Nacor, Sh-iac over the

Fushing o th face,nek g,
counter)

dzinss, ypoension

Fibrates, fibricacid

et Lopid)fnofbrate (o,

61 discomfort,aching muscls rore
besafbate (Bezaip)

if3ousinga st rash,
possbledamage o albladdr

e acid binding resins

chokstyramine (Questan, ldiscomiort, heatbun, g3,
colesevelam (Welhol, colestpol | constpation

(Coesi)

Cholesterol absorption blocker

ezetimibe Zeti) ‘ G dscomort

Omega:3 fishoil

Lovaza (s prscription, Nosgnificantside efects
overhe-couner suppements

Effocts on

Mayatenate arobic taning
bencits and increase myagias when
Combned it e

Noknaw efectonexercieresponses
unes ypotensionocurs, then may
incess har rate espses

May incess theiskof mylgas when
combined it e

Noknaw efects on exercise
esponses

Noknaw efects onexercse
esponses

Noknaw efects on exercse
respones

ey





images/00192.jpg
Medications Table 4.3

Common Medications Used to Treat Type 1 Diabetes
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Table 13.3

Basic Exercise Program Guidelines for Women Who Are Pregnant
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Medications Table 4.2 Common Medications Used to Treat Type 2 Diabetes
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Table 8.1  Program Design Guidelines for Clients With Multiple Sclerosis
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Medications Table 4.1
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Table 6.16  Resistance Training Guidelines for Clients With Valvular Disorders
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Table 410 General Exercise Guidelines for Clients With Hypothyroidism and Hyperthyroidism
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Medications Table 7.2 Common Medications Used to Treat Lupus
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Medications Table 8.7  Common Medications Used With Spinal Cord Injury
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Table 5.6 Classification of COPD for Individuals With FEV,/FVC Ratios Less Than 0.70
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Table 10.5  Exercise Guidelines for Adult Cancer Patients and Survivors Based on the
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Table 5.5  General Resistance Training Guidelines for Clients With COPD
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Table 11.5  Modifiable Risk Factors in Youth Exercise Programs
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Table 13.1  Considerations in the Prevention of the Female Athlete Triad
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Table 4.8 General Exercise Guidelines for Clients With Dyslipidemia
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Medications Table 8.3 Common Medications Used to Treat Muscular Dystrophy
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Table 4.9 Negative Effects of Hypothyroidism and Hyperthyroidism on Exercise Capacity
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Table 10.1

Summary of Examples of Supervised Resistance Training and Combined Exercise
Interventions Conducted During Cancer Treatment
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Table 11.3  Program Design Guidelines for Children and Adolescents
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Table 2.15a Standards for the 8-Foot Up-and-Go Test for Women (in Seconds)
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Table 4.6  General Exercise Guidelines for Clients With Type 1 Diabetes
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Table 4.5  General Exercise Guidelines for Clients With Type 2 Diabetes
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Table 6.2 Resistance Training Guidelines for Clients With Hypertension
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Table 6.3 Aerobic Exercise Guidelines for Clients With Peripheral Arterial Disease
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Table 6.15  Aerobic Exercise Guidelines for Clients with Valvular Disorders
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Table 4.4  Classification of Normal, Impaired, and Diabetic Fasting and Random Blood Glucose
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Table 6.14  Resistance Training Guidelines for Clients With a Pacemaker or ICD
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Medications Table 8.8  Common Medications Used to Treat Epilepsy
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Table 5.4 General Aerobic Exercise Guidelines for Clients With COPD
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Table 4.3  General Exercise Guidelines for Clients Who Are Obese
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Table 7.3 Program Design Guidelines for Clients With Chronic Fatigue Syndrome
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Table 1.1 Common Conditions, Disorders, or Diseases of Special Populations
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Medications Table 8.6  Common Medications Used to Treat Stroke

‘Anticoagulant
wartain Couradi)

Antiplatalet medicnes
aspin dopiogrl (i)

ot oadcots o | s, s of ppte
forming and existng ot | stomach-abdominlpain, sk of

fomgeting orger | sarios leding.

el s | Ve st s somac
o gt | o e e s

Angiotensin i receptor lockers (ARBS)

candesartan (Nacad),
eprosaran (Teveter,
tbesartan (Ao, osaran
(Couaar, cimesaton (Benical,
toimisartan (Wcards),
\akartan Diovr)

ACE inhibitrs

benaseprl otensi), captopi
(Capoten,enlpe (Vsote),
sinopl Prnt), quiapr
(hcaprl, ramipr (Atace)

Bblockers
acobutoll sectal),
propranciol fndea), atencol
(enormin isoprolol
2sbets) metprol
Lopresso, ool Corgard),
tinoll (Blocaden), sotalol
Betapac), nebvoo Bystl)

Calcum channel blockers
aniodipine Nonasc),
ditazem (Cadizem, Dicor,
Tiaza), icardpine (Codene),
ifedipine (Proaria,
isodpine (ub, vraparsl
(Cln,Verlr)

Diuretcs

cioothizaide (D),
cothldone (Thaktone),
ydrociorothiazde
(zozde)

furosemide (Las), torasemide
(amader)

Acttoblckype | s, eadoche,dowsins, | Potentl o edced
g g, | -t o, .| s st
ey reucng | cwted potassun el fow | biance
sacnsticton o prsure, msdeor b

|pon. s

nhibitthoproduction | Dizziness,headache, rowsies,

ofangotensnila | darthea, ow bood prssare,
Vasoconstictor hat ko | weakness, cough, rshes
prometessodum and

ter etenton |

Blockrecoptorsies | atgu, coldhands,hesdache,
forepinephineand | upsetstomach, constpation,
norepinephineon arhes, dzziness shorhes of

adenergicbeta receptors | breth
ofsympatetcnevous

st thery deceasig
descending sympathetc

nenve dte

Interore with votage- | it eadedness low blood

operted calcum chonnls. | presure; v heart rte;

n <ol membrane,thereby. | drowsiness constipaton; sweling

prometing vasodiatory | offect, anles,ad eg; ncresed

actty | apet qasioesophagelroflx
| dsease (GERD)

Suppres thesodium | Dizainess,ghtheoddness,
corde cotionspater | lurred vision, s of appeite
Jeading o nbionof | ching,stomach upse, headache,
NaClresbsopionnthe | weakness

dstal oot buks

ofkideys

nhibitthe Nas ko120 | Dizziness,ghthesdednes,
transporterpoten vl | blrred vision
ofascending lop f Henle,

reabsorption of Nacl

Potentl o reduced
s capacty and
baance

Potentl o reduced
blance and exercse
apacity

Poentl o reduced
errcse capacty and
baance

Poentl o reduced
exrcse capacty and
baance

Potentl o reduced
errcse capacity and
baance





images/00004.jpg
Table 13.4  Beginning Resistance Training Program for an Individual Who Has Osteoporosis
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Medications Table 8.4 Common Medications Used to Treat Cerebral Palsy
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Medications Table 3.5 Common Medications Used to Treat Frailty
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Medications Table 3.6  Common Medications Used to Treat Sarcopenia
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Medications Table 8.5 Common Medications Used by Persons With Traumatic

Brain Injuries
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Table 6.13  Aerobic Exercise Guidelines for Clients With a Pacemaker or ICD
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Table 4.1 Definition of Low-Risk Versus High-Risk Lifestyles.
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Medications Table 13.2° Common Medications Used to Treat Eating Disorders.
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Table4.2  Characteristics of the Western Animal-Based Diet Versus a Plant-Based Diet
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Medications Table 3.1

Disorders

Most common side effects
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Medications Table 8.1  Common Medications Used to Treat Multiple Sclerosis
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Medications Table 3.2 Common Medications Used to Treat Osteoporosis
and Osteopenia
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Table 12.2  Aerobic Endurance Training Guidelines for Older Adults
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Table 6.5  Aerobic Exercise Guidelines for Clients With Angina
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Medications Table 3.4  Common Medications Used to Treat Joint Replacement

(Arthroplasty)
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Medications Table 3.3 Common Medications and Supplements Used to Treat Osteoarthritis.
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Medications Table 7.6 ~ Common Medications Used to Treat Sickle Cell Disease
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Table 10.2  Summary of Examples of the Results of Resistance Training and Combined
Exercise Interventions Conducted After Cancer Treatment
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Mrs. R’s Body Composition Changes During an Eight-Month Resistance Training
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Medications Table 6.6  Common Medications Used to Treat Atrial Fibrillation
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Table 11.2  Components of Physical Fitness
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Table 3.6 Exercise Program Guidelines for Clients With Joint Replacement (Arthroplasty)
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Table 3.8 Program Design Guidelines for Clients With Sarcopenia
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Table 6.12  Resistance Training Guidelines for Clients With Atrial Fibrillation

Feauency 23 dapsper ek
sty Ughtto madeae 4.80% 1AM
Repettions 1015
sas 1 set por nrcisen it format
Restpeiadsbewensets | 305
e a0





images/00122.jpg
Table 7.6 Program Design Guidelines for Clients With Hemophilia
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Table 3.7 Program Design Guidelines for Frail Older Clients.
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Table 7.2 Program Design Guidelines for Clients With Lupus
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Medications Table 7.7 Common Medications Used to Treat Hemophilia
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Medications Table 13.3 Over-the-Counter Medications Used to Treat Symptoms
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Medications Table 10.1 Most Common Medications Used to Treat Cancer
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Medications Table 5.6 Common Medications Used to Treat CF
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Table 5.8  General Aerobic Exercise Guidelines for Clients With CF
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Table 5.3 General Resistance Training Guidelines for Clients With Asthma and EIB
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Table 10.3  Summary of Examples of the Results of Several Aerobic Exercise Interventions
Conducted During Cancer Treatment
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Table 6.1 Aerobic Exercise Guidelines for Clients With Atrial Fibrillation
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Table 3.4  Program Design Guidelines for Clients With Osteoarthritis
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Medications Table 6.5 Common Medications Used to Treat Myocardial Infarction
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Table3.3  Program Design Guidelines for Clients With Osteoporosis
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Table 6.18  Resistance Training Guidelines for Clients With CABG or PTCA
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Medications Table 13.4 Common Medications Used to Treat Menopausal Symptoms
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Program Design Guidelines for Clients With Cognitive Conditions and Disorders
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Table 5.1 Components of Asthma Severity by Clinical Features Before Treatment
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Medications Table 7.3 Common Medications Used to Treat Chronic Fatigue Syndrome.

Ketaproen (O, o)

Antdepressants
amitrpyine Ela,

infammatory drugs)
Db o

enaymescotl thefmation
of prstalandins o n

nomalorgn frcion and
€OX2 erymes oo the
formaton of prostagandas
inthed in e b’
infammatry esporse. 8y
Blockng the prostagandis,
theindidal exprences s
portien

Threare mull dasss of
antdepressant s B

Upsetstomach hesdche sy
g, Ipertension, i
et g, gt
incssed ko et
S cetbon oy
rebced Kooy fncion i hase
with hpertarsion o preoting
Keneyroblems, dlovatd er
woreoed sshma o
nfamnotorybowel dease,
severehasiach and neck
s, possble s rashes

Hesdache, aptaton, s,

dompranine (hrafan | dfeent mechaniss. i
o (ofant, | onideresnts

e, bpropir banchemials molved i
(Welluv),efzndone | pin anagement O
(secon),mitszpne | oniepresnts fect
(Remeror fenetne. | difaentnewotansriters.
(Proza), el ol | Serotonn eptake hbtrs
pacnetion (o, ymbols | GSR e wih
{oseine thenstureupakeof

neckansnies.

Immunosuppressive medicatons
axatiopn (| Inmurosuppressnt

myophendatemafed
ol

o, csporne
(o, Sandinmune,

mustad Ostargen)
Stimulnts

e, donmphetamine,
mephendat, modafs!

Keopsthecols oftheimmne
syt fom diding

Stimdonts wotk by nceasing
dopaminelevs n he b,

and steady manne sir
otheway s roduced
nataly nthe brain

eart ate, nractions wihoher
dugs

ncessed sk of nfcton,

onitng somachpan, darhes,

oo st o, hpats.
pancetes, lbrgc escton,

hesdiche, daincs, remors.

ik porl s, v

addprod

Aopettesppresson esdache,
upststomach,inceasedbood
pressre, ey moth,
nervouses, seplssess o
insomnia, wightoss

HSADs e ot known
ohaenegtheefcts
nexcse prfomance;
Rowes, sam deayin
e ndced e s
been sscctsdwiANSAID
ke,

Som eiderce sugpets
hatNSAIS may iz
e ooy,

Poenial sde s may
e th roces of xrcse
nconforabe Aphysiion o
e ealth e prfesional
Shoudbe comuted
smptons become oo

Inmunesppressie
meicatons e ot o
o nterre with e
pifomanca o xcie

sponses.
Secondarside et coud
maeguar xercing
it due o enhaced
sscptbity o lctors.

Pusale gt power
ouput, chanced aeobc
endaance, nd esstance
ofatiue Proclen et
St medictions oy
tefrs i et ot

esponse during ewecise





images/00217.jpg
Table 5.2
:
Frequeney
nensty
Mot
Duston

Reerencer (19,7,

General Aerobic Exercise Guidelines for Clients With Asthma and EIB
Jideine
3ot
| 0410010, rbat s
Lo e s s ., vk
|





images/00216.jpg
dphentydarine

[
oy of mchrss ory
et e s ik
o s CabN g
bt conl e
s o

Oy mouth, dotim dowsies, | Ptentalside efects may

bhared i, conspation, | ke th rcess of execse
Gfcutyurnatng musce | uncomfortable:

elasaton, euphaia, poor

merory






images/00211.jpg
Table 6.6  Resistance Training Guidelines for Clients With Angina
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Medications Table 8.2 Common Medications Used to Treat Parkinson’s Disease
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Medications Table 4.5 Common Hormones Used in Thyroid Replacement Therapy
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Table 5.7 General Classifications of Intrinsic and Extrinsic Restrictive Pulmonary Diseases
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Table 6.17  Aerobic Exercise Guidelines for Clients With CABG or PTCA
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Medications Table 13.1 Common Medications Used to Treat Menstrual Dysfunction
and Osteoporosis Within the Female Athlete Triad
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Table 6.1 Aerobic Exercise Guidelines for Clients With Hypertension
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Medications Table 4.6  Common Therapies Used to Treat Hyperthyroidism
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