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Current dietary patterns evolved over millennia as humans transitioned from foraging to farming to 
fast food. The industrialization of modern society has enabled the distribution of antibiotics, as well 
as vaccinations, so that premature mortality from acute infection plummeted in the population over 
the last century, but at the same time it fostered a sedentary lifestyle. Today, the combination of plenti-
ful, inexpensive, and processed food and low physical activity has culminated in an epidemic of 
obesity and a mosaic of chronic illness, including type-2 diabetes, cardiovascular disease (CVD), and 
chronic kidney disease (CKD). Morbidity and mortality from these diseases associated with sustained 
oxidative stress and microinflammation is the greatest challenge facing contemporary medicine. 
Practitioners have focused on drug therapy and, to a lesser degree, on medicalisation of food with 
emphasis on the limitation of deleterious elements such as sodium, polyunsaturated fats, and phos-
phorus. For the patient, navigating multiple chronic conditions, polypharmacy, and a “thou shalt not 
eat” dietary approach is daunting, discouraging, and difficult to integrate into daily life.

Incorporating healthy and tasty food, active living, and adequate refreshing sleep are all important 
elements to promote health, to prevent obesity, and to reduce the risk for type-2 diabetes, hyperten-
sion, and ultimately CVD and CKD. Large epidemiological studies have shown that the Mediterranean 
and Dietary Approaches to Stop Hypertension (DASH) diets reduce CVD and incident CKD. There is 
an existing evidence base in the literature supporting the importance of physical activity to improve 
cardiovascular health and improve chronic disease management. Like nutrition, physical activity is an 
essential ingredient of health. Medical literature demonstrates ancient practices of mindfulness have 
remarkable relevance to health in the twenty-first century for the receptive and motivated individual. 
Clinicians may know these concepts intuitively, but they need information and tools to help their 
patients live and schedule their lives accordingly for better health. Hitherto, curricular activities of 
medical schools emphasize pharmacotherapy rather than lifestyle modification.

The current book presents an approach based on cutting-edge clinical science to the integration of 
healthy behaviors in clinical practice using three major categories: healthy eating, active living, and 
mindfulness. A select group of national and international experts in their respective fields develops 
these concepts for application in routine practice. The editors summarize these approaches in a 
conclusion.

We are grateful to our collaborators who made this book possible, including the chapter authors, 
Adrianne Bendich, Samantha Lonuzzi, Kevin Wright, and Springer International Publishing AG.

New York, NY, USA Jaime Uribarri, MD
 Joseph A. Vassalotti, MD 

Preface
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The great success of the Nutrition and Health Series is the result of the consistent overriding mission 
of providing health professionals with texts that are essential because each includes (1) a synthesis of 
the state of the science; (2) timely, in-depth reviews by the leading researchers and clinicians in their 
respective fields; (3) extensive, up-to-date fully annotated reference lists; (4) a detailed index; (5) 
relevant tables and figures; (6) identification of paradigm shifts and the consequences; (7) virtually no 
overlap of information between chapters but targeted, interchapter referrals; (8) suggestions of areas 
for future research; and (9) balanced, data-driven answers to patient and health professional questions 
that are based upon the totality of evidence rather than the findings of any single study.

The series volumes are not the outcome of a symposium. Rather, each editor has the potential to 
examine a chosen area with a broad perspective, both in the subject matter and the choice of chapter 
authors. The international perspective, especially with regard to public health initiatives, is empha-
sized where appropriate. The editors, whose trainings are both research and practice oriented, have the 
opportunity to develop a primary objective for their book, define the scope and focus, and then invite 
the leading authorities from around the world to be part of their initiative. The authors are encouraged 
to provide an overview of the field, discuss their own research, and relate the research findings to 
potential human health consequences. Because each book is developed de novo, the chapters are coor-
dinated so that the resulting volume imparts greater knowledge than the sum of the information con-
tained in the individual chapters.

Nutrition, Fitness, and Mindfulness, edited by Dr. Jaime Uribarri and Dr. Joseph A. Vassalotti, 
is a very welcome and timely addition to the Nutrition and Health Series and fully exemplifies 
the series’ goals. As clearly stated in the book’s title, the editors have identified a major paradigm 
shift in the management of clinical practice, and the included chapters review the current litera-
ture concerning the potential for beneficial consequences when a more holistic approach is taken 
with patient care. There has been a continuous stream of basic and clinical research over the last 
decade that has stressed the interactions between exercise, sleep quality, mindfulness programs, 
and recommended diet patterns. Significant reductions in the ability of patients to cope with seri-
ous noncommunicable diseases that are the leading causes of death across economically advan-
taged countries have been documented. This unique, holistic volume is designed to be an objective 
resource for clinicians and other health professionals who interact with patients and their fami-
lies, as well as for graduate and medical students anticipating interactions with patients.

The editors of this volume for health professionals are both clinicians who have extensive experi-
ence in patient care, as well as clinical research. Dr. Jaime Uribarri, MD, received his medical degree 
from the University of Chile School of Medicine and did his postgraduate training in the United 
States. He has been at the Icahn School of Medicine at Mount Sinai, NYC, since 1990, where he is 
currently a professor of medicine and director of the Renal Clinic and the Home Dialysis Program at 
the Mount Sinai Hospital. Dr. Uribarri’s main areas of research have been on acid-base, fluid, and 
electrolyte disorders, as well as nutrition in chronic kidney disease and diabetic patients. He has 
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published over 150 peer-reviewed papers and written many chapters in books. He has lectured exten-
sively on these research topics in New York City, as well as in national and international meetings. 
Dr. Uribarri has edited a book for health professionals on dietary advanced glycosylated end prod-
ucts (AGEs) and coedited another volume on dietary phosphorus. He serves as a peer reviewer for 
numerous nutrition, medical, and other scientific journals, and he is an active member of several 
professional health-related organizations, including the American Society of Nephrology, the 
American Society for Nutrition, the International Society of Nephrology, The New York Academy 
of Sciences, and The Maillard Society.

Dr. Joseph A. Vassalotti, MD, is a nephrologist who serves as the chief medical officer of the 
National Kidney Foundation (NKF) and associate clinical professor of medicine in the Division of 
Nephrology, at the Icahn School of Medicine at Mount Sinai. He received his medical degree with 
Distinction in Research from the SUNY Stony Brook School of Medicine and completed an Internal 
Medicine Residency and Nephrology Fellowship at the Johns Hopkins Hospital. He served on the 
clinical faculty at George Washington University School of Medicine from 1995 to 2000, where he 
won the fulltime faculty teaching award in 1998. Since 2000, he has developed an international clini-
cal practice at the Icahn School of Medicine at Mount Sinai and served as Director of Hemodialysis 
from 2000 to 2005. At the NKF, his major focus is the implementation of evidence-based clinical 
practice guidelines in chronic kidney disease (CKD), including the NKF’s Kidney Disease Outcomes 
Quality Initiative (KDOQI). He has served as co-PI for the CDC Demonstration Project “CKD Health 
Evaluation and Risk Information Sharing (CHERISH),” which aimed to identify individuals at high 
risk for CKD in the USA; he also served as an investigator for the NIH-sponsored clustered practice 
randomized trial concerning evidenced-based primary care for CKD. Leadership also includes mul-
tiple roles over the last decade with the CMS Fistula First national quality improvement initiative for 
hemodialysis, including as lead physician consultant from 2013 through 2015. He has served in 
numerous committees that shape innovation and health policy in kidney disease for the CDC, the 
NIH, and CMS. Currently, he serves as the principal investigator for the Kidney Score Platform, an 
NKF educational project funded by the Veterans Administration Center for Innovation to improve 
awareness and education among veterans with and/or at risk for CKD in the primary care setting. Dr. 
Vassalotti has over 100 publications in peer-reviewed journals and has been featured in Castle 
Connolly’s Top Doctors and Best Doctors in America. Dr. Vassalotti has prioritized patient engage-
ment with their physicians to develop healthier lifestyles, especially for those patients with and/or at 
risk for kidney disease.

In addition to the exceptional credentials of the editors, the volume includes chapters by the lead-
ing authorities in their fields and provides the reader with four parts that examine the areas of nutri-
tion, fitness, mindfulness, and approaches to integrate these into healthful living strategies with 
emphasis on patients with kidney disease and/or cardiovascular disease. The first part on nutrition, 
containing seven chapters, includes four chapters that describe the major diets that have been associ-
ated with improving markers of heart health and reducing cancer risk. The fifth chapter reviews 
healthy drinks, and the sixth looks at herbs and spices. The last chapter integrates the findings in the 
chapters within the part. The part on fitness contains three chapters that examine aerobic, resistive, 
and less energetic exercises, including yoga and mind-body practices. Five chapters in the mindful-
ness part include discussions of mindfulness, spirituality, resilience, sleep and a final chapter that 
integrates the methodologies reviewed. The last part, containing four chapters, looks at the role of 
electronic devices and software in assisting with the integration of nutrition, fitness, and mindfulness; 
two chapters delve into the integration of these modalities with regard to reducing the risk of cardio-
vascular disease and chronic kidney disease. The final chapter summarizes the key learnings from the 
volume and predicts the potential benefits of adopting the holistic approach to health and its value to 
patients in an overall treatment strategy.

The volume’s objectives are to enhance the clinician’s role in providing patients with all avenues 
available to reduce the stress associated with each major disease and, additionally, disease treatments; 
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provide guidance in adopting data-driven nutrition strategies; incorporate relevant exercise opportuni-
ties into treatment programs; inform patients of the potential benefits of mindfulness training, medita-
tion, spirituality, and other resources that have been shown in clinical settings to be associated with 
greater peace of mind; and be a comprehensive source of up-to-date electronic and other relevant 
resources.

 Part I – Nutrition

Part 1 begins with its first chapter, which provides an in-depth review of the DASH diet. The Dietary 
Approaches to Stop Hypertension (DASH) diet is an evidence-based dietary pattern that has been 
proven as an effective strategy for lowering blood pressure (BP), improving lipids, and achieving 
weight control in several adult patient populations in the USA, and it is also associated with lowering 
the risk of cardiovascular disease in healthy populations. The chapter includes a comprehensive 
review of the rationales for the three major DASH intervention studies that confirmed the blood-
pressure lowering effectiveness of a diet that contained abundant fruit, vegetables, whole grains, 
nuts/seeds, and low-fat dairy products; reduced intakes of red meats and sweets; and reduced sodium 
intake (about 2000 mg/d). In agreement with the holistic approach to reducing the risk of stroke and 
other serious chronic diseases, the chapter describes the studies where weight loss and/or exercise 
was added to the DASH diet protocol and resulted in additional benefits. Of great importance is the 
chapter’s evaluation of the difficulties in implementing the DASH diet and the value of behavioral 
changes. Chapter 2 describes the Mediterranean diet, which is an culturally-based dietary pattern 
that has been studied by comparing health outcomes seen in Mediterranean countries with those 
found in Northern European countries. The Mediterranean diet is based on olive oil as the main 
source of fat, whole grains, legumes, fruits, vegetables, nuts, fish, wine in moderation, and moderate 
intakes of lean meat and dairy products. The chapter updates the evidence of the benefits of the 
Mediterranean diet and the Mediterranean lifestyle through its reduction in the risk of developing 
cardiovascular diseases, metabolic syndrome, type-2 diabetes mellitus, chronic kidney disease, and 
neurodegenerative diseases. The chapter emphasizes the important role of the cultural, political, 
religious, agricultural, and economic influences found in the Mediterranean countries that cannot be 
separated from the diet pattern. There is a review of the impact of this diet on type-2 diabetes, 
chronic kidney disease, and neurodegenerative diseases and the cellular mechanisms hypothesized 
to reduce these chronic diseases.

Chapter 3 informs us of the many types of plant-based diets that have been associated with reduc-
ing the risk of cardiovascular disease and other chronic age-related diseases by a number of mecha-
nisms. Unlike the first two chapters, this chapter includes specific nutrient/food rather than overall diet 
plan recommendations. The chapter includes an extensive review of the published literature concern-
ing vegan and other plant-based diets, as well as information concerning certain nutrients that are 
known to be low in plant-based diets and may require the use of dietary supplements; vitamin B12 is 
one of the examples discussed. The authors suggest that dieticians and medical staff be trained to help 
patients adopt plant-based diets. Chapter 4 describes a specific component that may be found in cer-
tain diets called advanced glycation end products (AGEs) and their potential effects of increasing the 
risk of several chronic diseases. Food cooked with high heat is a major source of exogenous AGEs. 
These food-derived AGEs have been shown to be associated with the development of insulin resis-
tance, type-2 diabetes, kidney disease, and atherosclerosis in mice. Data from several clinical trials 
show that high dietary intake of exogenous AGEs generates an increase oxidative stress and inflam-
matory state. Reducing dietary AGE decreases the high oxidative stress characteristic of many chronic 
diseases. Practical low AGE interventions discussed in the chapter include limiting animal protein and 
fat intake, cooking slowly without desiccation, marinating food at a lower pH, and use of herbs and 
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spices. The limited number of clinical trials emphasized cooking methods, and no further changes in 
food constituents were undertaken. This approach to reducing adverse events in patients with diabe-
tes, kidney disease, and other chronic diseases is novel and relatively new.

Chapters 5 and 6 discuss common components of the diet with negligible nutritional value yet 
significant importance in overall eating habits and caloric intake. Chapter 5 examines the importance 
of healthy drinks and clearly indicates that water is the primary recommendation. Drinking water is 
an effective way to promote adequate hydration without calories. Drinking plain water, tap or bottled, 
rather than high-caloric beverages, reduces dietary calorie consumption and may contribute to main-
taining a healthy body weight. There are also certain patient populations that can benefit from increas-
ing water intake. Patients with kidney stones, as well as a subset of patients with CKD, may benefit 
from increasing water intake above thirst requirements. The chapter reviews sugar sweetened bever-
ages and low calorie, as well as alcoholic drinks, including red wine, green tea, herbal tea, and coffee. 
Studies suggesting health benefits from moderate intakes of wine and coffee are reviewed. Chapter 6 
describes the uses of herbs and spices. We learn that the international committee, CODEX, defines 
herbs as substances that come from plant leaves or flowering parts, either fresh or dried, and contrasts 
this with the definition of spices that come from other parts of the plant such as roots, stem, bark, 
seeds, and bulb. Herbs and spices have been widely used for both food and medicinal purposes over 
many centuries. In culinary practices, these are used as preservatives, flavor enhancers, and colorants 
and for ingredient substitution of salt and sugar. Dietary intake levels of spices and herbs are difficult 
to calculate as these are usually consumed in trace amounts. The chapter includes a review of the regu-
latory status of herbs and spices in Europe and the USA and also contains detailed tabulations of the 
clinical data regarding the use of specific herbs and spices for certain medical conditions.

Chapter 7 provides the reader with integrated guidelines for healthy eating and lifestyle modifica-
tions that enhance the benefits of recommended food and diet pattern choices. The chapter reviews the 
educational requirements and the role of the registered dietitian, which is to assist individuals in inte-
grating healthy eating and drinking practices in their lifestyle; reviews strategies for healthy eating, 
such as volumetrics, mindful eating, and intuitive eating; outlines resources and tools for healthy 
eating using many resources from the USDA, FDA, and other government functions; and provides 
guidance in identifying reliable information on the Internet, social media, apps, and blogs about 
healthy dietary and fitness practices for consumers. The chapter discusses another diet plan, volumet-
rics. The basic principle of volumetrics is to eat a satisfying volume of food while controlling calories 
and meeting nutrient requirements. This is a low-calorie, high-volume eating plan that includes food 
with high water and fiber contents (i.e., fruits and vegetables), since both increase a sense of fullness. 
The chapter describes relevant apps for dietary intake tracking, watches that are miniature computers, 
and blogs and provides several web addresses and other useful information, which are presented in 
seven tables.

 Part II – Fitness

Part II contains three chapters that examine the importance of physical fitness to overall health. 
Chapter 8 describes aerobic physical exercises. Aerobic physical activities are defined as those in 
which the body’s large muscles move in a rhythmic manner for a sustained duration. Examples include 
walking, jogging, running, bicycling, dancing, swimming and other aquatic activities, and rowing. We 
are reminded that in the USA, 40% of adults do not meet the minimum recommended amount of 
physical activity. The chapter focuses on the two most widely practiced modes of aerobic physical 
activity: walking and cycling. The 2018 guidelines for physical activity levels for adults by age and 
health conditions are outlined, and the definitions of key exercise-related terms are included. 
Suggestions for community actions that would support increased walking and cycling are outlined. 
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Chapter 9 discusses the effect of the aging process on nerves and muscles and the importance of resis-
tance training to help assure a more healthful aging. Reductions in neuromuscular function and skel-
etal muscle mass (sarcopenia) are experienced during the aging process with exponential declines 
reported to begin around 60 years of age and can impede functional capabilities, limit activities of 
daily living, and result in loss of independence. The chapter reviews the types of resistance activities 
that can overload the neuromuscular system to promote specific neuromuscular responses. Common 
resistance activities include weight machines, free weights (dumbbells or barbell), resistance tubing/
bands, pneumatic machines, aquatic activities, yoga, and body-weight exercises. Participation in 
resistance activities has a positive effect on enhancing neuromuscular strength, power, and physical 
function in older adults, and even more benefits are seen in younger, healthy individuals. Methods to 
maintain exercise routines and assure their safety, especially in patients with certain chronic diseases, 
such as diabetes and chronic kidney disease, are reviewed. Chapter 10 provides an in-depth examina-
tion of the practice of integrated yoga and stresses the need to understand the four principles that are 
included in this integration. Yoga is defined as an integrated lifestyle consisting of varied practices, 
including lifestyle and values-related commitments, physical practices, breathing practices, and inte-
rior practices (e.g., concentration, meditation), carried out with mindfulness and intention. Integrated 
yoga is suitable for all persons, regardless of age, physical abilities, gender, or body shape. Yoga is a 
holistic practice or life philosophy that goes far beyond the posture practice component that is most 
well known in the USA. The chapter includes advice to clinicians concerning certification of yoga 
teachers and the differences between the three types of yoga instruction. The chapter includes more 
than 100 relevant references and four detailed tables.

 Part III – Mindfulness

Part III contains five chapters that describe the practices of meditation, spirituality, and resilience; the 
benefits of sleep; and a final chapter that integrates the methods into daily life. Chapter 11 provides an 
overview of mindfulness meditation based on mindfulness-based stress reduction (MBSR) and 
mindfulness- based cognitive therapy (MBCT). The chapter contains discussions of the benefits of 
practicing mindfulness for physical health, mental health, and cognitive function, along with enhanced 
performance and wellness promotion. The practice of mindfulness was originally developed for chronic 
pain patients. The eight-week program taught patients mindfulness meditation and other techniques to 
increase pain management skills when all else had failed. The philosophy blended eastern practices of 
yoga and Buddhist teachings with science to assist patients cope with stress, pain, anxiety, and illness. 
Skills and techniques taught included mindful eating, awareness of the breath, the body scan, various 
sitting meditations, walking meditation, guided meditations, yoga, and loving kindness meditation. 
There are about 23,000 certified MBSR instructors who teach mindfulness meditation and techniques 
with clinics in almost every US state and in over 30 countries. In contrast to MBSR, MBCT is an eight-
week group intervention that teaches mindfulness skills and techniques combined with cognitive tools 
to assist individuals dealing with depression. The chapter reviews the seven core qualities of mindful-
ness: nonjudging, patience, beginner’s mind, trust, nonstriving, acceptance, and letting go. Mindfulness 
does not eliminate or cure disease states. However, mindfulness has been found to be helpful in the 
symptom reduction of various diseases. Chapter 12 examines the role of religious and spiritual faith in 
patient treatment. The chapter reviews the importance of faith as an integral component of the medical 
field as about 80% of adults in the USA indicate a religious preference. Also, physicians often choose 
religiously affiliated medical facilities for their patients. For example, in America, there are over 600 
Catholic hospitals and more than 1600 Catholic continuing care facilities, and about 1 in 6 patients in 
the USA is cared for in a Catholic hospital daily. Thus, many Americans’ day-to-day healthcare is 
directly influenced by faith-based facilities’ philosophies. Moreover, during illness, many patients rely 
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on their faith to help understand their situation. The chapter reviews the limited number of clinical stud-
ies that have shown beneficial effects for patients who practice their religious faith and/or indicate their 
spirituality. However, in both this chapter and the mindfulness chapter, there are balanced discussions 
of the potential adverse effects of these faith- based practices on health. The authors recommend that a 
spiritual history assessment, presented from a neutral perspective, be part of the standard intake proce-
dures and references be cited that suggest standardized questions. Chapter 13 provides a formal defini-
tion of resilience and ways to help clinicians help their patients to integrate resilience training into their 
care program. Resilience is defined as the ability of an individual to bounce back from adversity and 
move forward with life. The four elements of resilience are reviewed: good emotions, reason and pur-
pose, support from and to others, and wellness flexibility. When patients have high levels of good emo-
tions, a strong sense of reason and purpose, consistent support from and to others, and the ability to be 
flexible, self-aware, and learn from mistakes, their health outcomes have been shown to improve in 
certain diseases, including cancer, cardiovascular, metabolic, kidney, and neuropsychiatric illnesses. 
Methods found to help patients improve their resilience include practicing skills such as gratitude, 
identifying values and setting goals, yoga, conflict resolution, building and deepening relationships, 
volunteering and accepting one’s faults and failures, and learning from them. The chapter describes 
three validated published scales of resilience that have been shown to have internal consistency and 
content validity and are reliably reproducible and discusses the findings using these scales. Optimism 
has been shown to reduce the risk of developing cardiovascular disease and cancer, as well as reduce 
the risk of death in both senior men and women. Chapter 14 discusses the functions of sleep and its 
importance to overall health and maintenance of wellness, especially for patients. The chapter describes 
what is known about healthy sleep, disrupted sleep, and sleep loss and their general effects on cognitive 
and physical health. There is also an efficient, practical clinical assessment of sleep quality and quantity 
that is included in the chapter, and an approach to sleep interventions are overviewed. The stages of 
sleep are examined and described in detail in the included figures, and their importance is reviewed 
with the help of clinically relevant sleep deprivation studies. The chapter also includes evaluation of 
studies on sleep duration. Medicines used to increase sleep duration are reviewed, and benefits/risks are 
discussed. Sleep apnea causes and consequences, found often in obese and diabetic patients, are exam-
ined, and treatment options are also provided. There is an interesting analysis of the value of sleep for 
memory and the research that links these brain functions to other aspects of sleep benefits. The final 
chapter in this part is unique in that Chap. 15 provides an early look at the potential to use smartphone 
apps and web browser studies to enhance the practice of mindfulness. It was thought that mindfulness 
instruction needed face-to-face experience, but new apps are being developed, and the chapter exam-
ines the early data from randomized clinical studies on the usefulness of apps and web-based programs 
in developing the habits of mindful living. The chapter reviews the potential benefits and risks of both 
in-person and app-based mindfulness sessions. Some apps are directed to specific clinical conditions, 
including depression, affect, and stress. There is an example of a large European healthcare company 
that developed an app that was shown to help patients with general psychiatric conditions.

 Part IV – Use of Integrated Approaches in Different Populations

Part IV includes the four final chapters of this highly relevant text for clinicians and other health pro-
fessionals who interact with healthy individuals, as well as with patients who have to deal with the 
mental and physical consequences of chronic noninfectious diseases. Chapter 16 is a logical extension 
of the discussions seen in Chap. 15 dealing with the use of electronic devices to assist in the integra-
tion of healthful lifestyles to reduce the risk of chronic diseases, as well as providing new models for 
patient treatment. Chapter 16 reviews the global benefits of “eHealth,” which include the fact that 
eHealth technologies transcend geographic boundaries to efficiently deliver programs and 

Series Editor Page



xiii

information to the general population about physical activity, nutrition, and mindfulness. The chapter 
encourages health providers to increase their awareness of the current state of eHealth literacy in their 
patients and encourage their patients to enhance their skill set to help reduce the risk of chronic dis-
ease. We learn that eHealth technologies include smartphones, tablets, and wearable devices, and 
eHealth programs include social media, downloadable apps, and electronic health records. eHealth is 
deeply ingrained in the current healthcare experience. Nearly 90% of the US population has access to 
the Internet, and nearly 80% have used it for health-related purposes. Of interest, downloading an app 
is considered an active step toward behavior change. People who are most likely to download an 
eHealth app are younger and college educated and reside in urban regions and feel motivated to 
engage in physical activity and healthy eating. Practitioners must we aware that patients are using 
eHealth before a healthcare appointment to learn about their symptoms and prepare questions in order 
to make the best of their brief time with the clinician. Nearly 80% of patients refer to the Internet fol-
lowing a healthcare appointment to seek clarification and second opinion from users on online discus-
sion forums. The Internet is also a temporal healthcare substitute when patients, especially those who 
are uninsured or have low income, cannot obtain immediate access to a clinician.

Chapter 17 reviews the real potential to reduce the risk of cardiovascular disease (CVD) by imple-
menting the scientifically based modalities of fitness, nutrition, and mindfulness. In addition, the 
usefulness of these lifestyle factors as part of CVD therapy is addressed. Physical inactivity is widely 
recognized as an independent risk factor for CVD, whereas physical activity and fitness are associated 
with a 25% reduction in all-cause mortality in coronary artery disease patients and 20–30% in the 
general population. Despite the well-known cardiovascular benefits of exercise, 50% of men and 53% 
of women in the USA fail to meet general aerobic physical activity guidelines for adults of about 
30 minutes of moderate intensity physical activity on most days of the week. Of great importance is 
the exercise-based cardiac rehabilitation that is prescribed to patients following their first cardiovas-
cular event, such as a heart attack. This structured exercise program is the cornerstone for the preven-
tion of a second cardiac event. The chapter reviews the types of physical activity that clinicians need 
to encourage in patients with CVD. Mindfulness training has been shown to reduce all-cause mortal-
ity and CVD morbidity in two preliminary studies. Stress, anxiety, and depression have been recog-
nized as nontraditional risk factors for CVD that can benefit from mindfulness training. Additionally, 
smoking cessation programs in CVD patients that include mindfulness training have more success 
than those without this intervention. More data in larger patient populations are needed to increase the 
implementation by clinicians treating CVD patients. With regard to nutritional recommendations, we 
learn that dietary patterns influence cardiometabolic risk factors, including adiposity, blood pressure, 
glucose- insulin homeostasis, lipids, endothelial function, inflammation, cardiac function, thrombosis, 
and vascular adhesion. The chapter recommends the DASH and Mediterranean diets reviewed in 
Chaps. 1 and 2 for patients with CVD and those who are at risk as well. Also recommended is the 
selection of a nutrient-dense dietary pattern that leads to the maintenance of a healthy body weight; 
this is crucial for maintaining cardiometabolic health. Chapter 18 reviews the serious adverse effects 
of chronic kidney disease (CKD) and end-stage renal disease, kidney transplant, dialysis effects, and 
overall burden of this disease on the nutritional status and needs, as well as the physical and mental 
health, of the CKD patient. CKD has many causes, but the leading causes are diabetes and obesity. 
Moreover, the functions of the kidney, including filtering the blood and reducing the risk of anemia, 
keeping protein and other large molecules in the blood and not lost in the urine, maintaining the acid-
base balance of the body, and synthesizing the active form of vitamin D, are critical to the functioning 
of all the cells of the body. Thus, the multiple functions of kidney are examined in this chapter with 
an emphasis on a holistic and integrative approach to the management of CKD patients who are given 
different and complex drugs, have specific nutritional requirements, need fitness training, and often 
have an overall depressed sense of well-being. There is a detailed discussion of the importance of 
certain sources of protein, sodium, phosphorus, and potassium and the central role of the Renal 
Registered Dietitian Nutritionist, who is trained in the treatment of kidney disease patients. Low to 
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moderate exercise programs are recommended based upon the results from published studies that are 
cited. The chapter, containing five helpful tables, outlines the multidisciplinary approach, including 
physicians, dietitians, nurses, healthcare technicians, and renal social workers, that is required to 
facilitate patients’ transition to the optimum renal replacement therapy (dialysis or transplant) and to 
help them deal with the strain that this endeavor places on their schedules, employment, personal rela-
tions, finances, and appearances. There are recommendations for the use of trained renal social work-
ers that have a pivotal role to play in the care of patients with CKD. The chapter also reviews the 
importance of the use of the Internet, video conferencing, media streaming, text messaging, and wire-
less communications, which can be used by providers to help improve CKD-related care and educa-
tion, especially for patients in remote areas who do not have access to clinicians. Online healthcare 
system portals have drastically improved physician–patient communication, with expedited refill 
requests for medications and access to their test results electronically at home or on the go. The final 
chapter in this clinically informative volume, Chap. 19, strongly suggests that the medical school cur-
riculum be redeveloped as a holistic approach to patient health, including healthy patient education 
concerning critical nutrition information and encouragement to maintain a fitness program and be 
open to mindfulness training. With regard to the patients with chronic diseases, emphasis should be 
placed on clinician understanding and the communication of relevant drug-nutrient interactions and 
specific dietary recommendations that are based upon the published literature. Clinicians in practice 
should widen their referral lists to include trained dieticians, physical activity and sleep experts, and 
psychologist/social workers, who can help patients to better cope with their illnesses. By highlighting 
the information in each chapter, the editors of this volume, who are also the authors of this chapter, 
provide a path for clinicians to follow to better integrate the critical patient needs of better nutrition, 
physical activity, sleep, and mental health.

 Conclusions

The above description of the volume’s 19 chapter contents attests to the depth of information provided 
by the 41 highly respected chapter authors and volume editors. Each chapter includes complete defini-
tions of terms with the abbreviations fully defined and the consistent use of terms between chapters. 
Key features of the comprehensive volume include 55 detailed tables and informative figures; an 
extensive, detailed index; and more than 1100 up-to- date references that provide the reader with 
excellent sources of worthwhile practice-oriented information that will be of great value to cardiolo-
gists, nephrologists, and related health providers, as well as graduate and medical students.

In conclusion, Nutrition, Fitness, and Mindfulness, edited by Dr. Jaime Uribarri and Dr. Joseph 
A. Vassalotti, provides health professionals in many areas of chronic disease practice, with particular 
emphasis on cardiovascular and kidney disease research, with the most current and well-referenced 
 volume on the integration of nutrition, fitness, mindfulness, and other important lifestyle areas into the 
care of the overall health of their patients. The in-depth guidance provided by each chapter includes 
methods to integrate these factors into their medical treatment strategies. Special attention is given to 
reducing the risk of adverse effects in patients with kidney disease and cardiovascular disease. This 
volume serves the reader as the benchmark for integrating the complex interrelationships between 
nutritionally related risk factors, such as obesity, aging, CKD, and CVD with the potential benefits of 
exercise programs, sleep, and mindfulness training. Practice-oriented chapters examine the medical 
diagnosis, management, and prevention of these two major chronic diseases with emphasis on holistic 
medical practice. Many of the chapters of this valuable volume provide unique and relevant data on 
the most relevant Internet resources, national initiatives, and well-recognized diet, including the 
DASH and Mediterranean diets. The recommended resources are from national research centers, 
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academic departments, and related organizations that provide reliable, up-to-date information based 
upon the totality of the research on integrated patient care. The broad scope, as well as in-depth 
reviews, of each chapter’s topic makes this excellent volume a very welcome addition to the Nutrition 
and Health Series.

Adrianne Bendich, PhD, FACN, FASN
Series Editor
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Key Points
• Dietary Approaches to Stop Hypertension (DASH) diet is an evidence-based dietary pattern 

that is effective in lowering blood pressure, improving lipids, and achieving weight control, 
and it is associated with lower risk of cardiovascular diseases and other adverse health 
conditions.

• DASH dietary pattern is rich in fiber, potassium, magnesium, protein and calcium and lower 
in total and saturated fats and cholesterol and emphasizes fruits, vegetables, whole grains, 
nuts/seeds, and low-fat dairy products and reduces red meats and sweets.

• Adherence to DASH remains suboptimal at a national level in the United States across race/
ethnicity, education, and income level.

• Clinicians play a critical role in endorsing and promoting the implementation of DASH.
• Efforts are needed to understand the minimum effective “dose” of DASH, identify effective 

strategies for implementation, establish safety and efficacy of DASH in a wide range of clini-
cal conditions and across the life span, and engage/empower healthcare system, providers, 
and food industry in promoting DASH.

 Introduction

The Dietary Approaches to Stop Hypertension (DASH) diet is an evidence-based dietary pattern that 
is effective in lowering blood pressure (BP), improving lipids, and achieving weight control, and it is 
associated with lower risk of cardiovascular diseases and other adverse health conditions. In this chap-
ter, we outline the background of how DASH was developed and tested, its application in hypertensive 
and non-hypertensive populations, and challenges and potential strategies for implementation.

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-030-30892-6_1&domain=pdf
mailto:pao.hwa.lin@dm.duke.edu
mailto:cs206@duke.edu
mailto:svetk001@mc.duke.edu
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 What Is the DASH Dietary Pattern?

 Rationale, Design, and Results of DASH Feeding Trials

The DASH feeding trial was conducted from 1993 to 1997 to identify a whole dietary pattern that 
included several dietary elements that were associated with lower BP. Prior to the conduct of this trial, 
dietary approaches to control BP relied mainly on caloric restriction for weight loss and sodium 
reduction; however, there was strong epidemiologic evidence that other dietary factors were relevant 
to BP control. Thus, the DASH trial was intentionally designed to test the effect of dietary factors 
independent of the effect of sodium and weight reduction on BP. The original DASH trial [5] was a 
multicenter randomized controlled feeding trial (RCFT) of 459 individuals, with systolic blood pres-
sure (SBP) of less than 160 mm Hg and diastolic blood pressure (DBP) between 80 and 95 mm Hg 
(corresponding to prehypertension and stage 1 hypertension at the time), testing three dietary patterns 
varying in amounts of macro- and micronutrients (Table 1.1). In brief, the dietary patterns were (1) the 
control diet, which mimicked what most Americans were consuming at the time the trial was con-
ducted; (2) a fruits and vegetables diet, which contained a nutrient profile similar to that of the control 
diet except with higher content of potassium, magnesium, and fiber; and (3) the DASH dietary pattern, 
which contained a nutrient profile similar to that of the fruits and vegetables diet but was higher in 
protein and calcium and lower in total and saturated fats and cholesterol. To achieve this nutrient 
profile, the DASH diet emphasizes fruits, vegetables, whole grains, nuts/seeds, and low-fat dairy 
products and reduces red meats and sweets. Sodium and energy intake (3000 mg/2100 kcal/day), 
body weight, and alcohol consumption were kept constant throughout the intervention.

Table 1.1 DASH trial nutrient and food group targets for each study diet based on 2100 kcal/day

Control diet Fruits and vegetables diet DASH diet

Food group, daily servings

Fruit 1.6 5.2 5.2
Vegetable 2.0 3.3 4.4
Grains 8.2 6.9 7.5
Dairy 0.5 0.3 2.7
Meat/seafood 2.5 2.5 1.6
Nuts/seeds/legumes 0 0.6 0.7
Fats 5.8 5.3 2.5
Sweets 4.1 1.4 0.7
Macronutrients

Carbohydrate (% of kcal) 48 48 55
Total fat (%) 37 37 27
  Saturated fat (%) 16 16 6
  Monounsaturated fat (%) 13 13 13
  Polyunsaturated fat (%) 8 8 8
Protein (%) 15 15 18
Cholesterol (mg/day) 300 300 150
Fiber (g/day) 9 31 31
Micronutrients

Potassium (mg/2100 kcal) 1700 4700 4700
Magnesium (mg) 165 500 500
Calcium (mg) 450 450 1240
Sodium (mg) 3000 3000 3000

P.-H. Lin et al.
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After 8 weeks of feeding, the DASH diet reduced BP by 5.5/3.0 mm Hg more than the control diet 
(p < 0.001 for both SBP and DBP). The reductions in BP were significant after participants consumed 
the diets for 2 weeks and were sustained for the following 6 weeks (Fig. 1.1). BP lowering was simi-
larly effective in men and women and in younger and older persons, and it was twice as effective 
among African Americans compared to non-African Americans and three times more effective in 
those who had higher compared to lower baseline BP. Among the 133 participants with hypertension 
(baseline SBP ≥140 mm Hg and/or DBP ≥90 mm Hg), the DASH diet lowered BP by 11.4/5.5 mm 
Hg. These effects in hypertensives are similar to reductions seen with single drug therapy [37]. These 
reductions occurred, while body weight, sodium intake, alcohol consumption, and exercise patterns 
remained stable.

The fruits and vegetables diet had an intermediate effect, reducing BP by 2.8/1.1 mm Hg relative 
to control diet (p < 0.001 for SBP and p = 0.07 for DBP), indicating that only half of the BP reduction 
by DASH could be attributed to fruit and vegetables (i.e., potassium, magnesium, and fiber). Because 
whole foods rather than individual nutrients were manipulated in the DASH trial, other nutrients or 
dietary factors that were not controlled for in the study may also have contributed to the BP lowering. 
Further details on DASH can be found in the following website: http://www.nhlbi.nih.gov/health/
resources/heart/hbp-dash-index.

Since the DASH trial was conducted independent of testing the effect of sodium reduction, a sub-
sequent RCFT was conducted (DASH-sodium) to specifically examine the effect on BP of consuming 
the DASH diet at three sodium levels (high, 3500 mg/day, comparable to typical American intake; 
intermediate, 2400 mg/day, the recommended limit; and low, 1500 mg/day) [49]. The results of the 
DASH-sodium feeding trial demonstrate that the combination of DASH and reduced sodium (either 
2400 or 1500 mg/day) had a larger BP-lowering effect than either dietary change alone (Fig. 1.2) [49], 
leading to current recommendations to implement both changes [21]. Similar to the DASH study, the 
effect of the DASH diet with reduced sodium intake was significant in all subgroups defined by age, 
sex, and race [49, 64].

The BP-lowering effect of the DASH diet has been replicated several times, indicating a robust and 
consistent finding. In fact, the effect estimate in a meta-analysis of 20 studies involving 1900 participants 
was 5.2/2.6 mm Hg [53], remarkably similar to the finding of 5.5/3.0 mm Hg reduction in the original 
DASH trial [5]. In addition, BP lowering with the DASH dietary pattern has been demonstrated in the 
context of treatment with antihypertensive medication. The combination of the angiotensin receptor 
antagonist losartan and the DASH diet lowered BP more than either losartan or DASH alone [17].

It is noteworthy that the effect of the DASH dietary pattern cannot be achieved using dietary sup-
plements. Trials of calcium, magnesium, potassium, and fiber supplements do not demonstrate a con-
sistent BP effect [2, 66]. Therefore, it is likely that the effect of DASH on BP requires consumption of 
key DASH nutrients from food sources in the context of an overall dietary pattern.

115

120

125

130

135

Weekly SBP, mmHg

Control F/V DASH

76

78

80

82

84

86

Weekly DBP, mmHg

Control F/V DASH

B 1 2 3 4 5 6 7,8 B 1 2 3 4 5 6 7,8

S
B

P
, m

m
H

g

Fig. 1.1 Systolic (left panel) and diastolic (right) blood pressure responses in the 379 participants in the DASH trial. 
The DASH diet group is identified here as “Combination Diet” [5]
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 DASH in Racial and Ethnic Subgroups

Although elevated BP (previously referred to as prehypertension) and hypertension are ubiquitous 
[67], affecting more than half of the adult U.S. population, certain racial and ethnic groups carry a 
disproportionate burden and may have both a unique need for and response to DASH.
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Among African Americans, hypertension is more common, more severe, more resistant to treat-
ment, and more likely to lead to adverse cardiovascular, cerebrovascular, and kidney complications 
[11, 29, 59]. However, there is also evidence that both DASH [58] and reduced sodium intake [27] are 
particularly effective in this subgroup.

Among Hispanic adults in the USA, the prevalence of hypertension was similar to that of the non- 
Hispanic white (27.8%) but is less likely to be controlled [25]. Unfortunately, to date, most DASH 
trials have not included sufficient numbers of Hispanics for subgroup analysis, markedly limiting 
generalizability to this group. Although there is no expectation that biologic response to DASH would 
differ, implementation will no doubt need to be informed by cultural norms.

Among Asian Americans, prevalence of hypertension is lower than among Whites, but the control rate 
is the lowest of subgroups reported [25]. Although there is no Asian subgroup analysis in any randomized 
trial, a prospective observational study of Chinese adults showed that adherence to DASH was associated 
with lower BP and stroke risk [36]. Therefore, it is likely that cultural adaptation to promote DASH 
adherence among various Asian American groups can improve BP control in these groups.

 Mechanisms of Action

BP-lowering mechanisms of DASH are unclear. Some studies suggest a natriuretic effect: DASH 
shifts the pressure-natriuresis curve [1], and potassium intake itself promotes natriuresis [54]. In addi-
tion, a small feeding study demonstrated that DASH increases plasma nitrite after hyperemia, sug-
gesting BP-lowering effects that are mediated through upregulation of nitric oxide bioavailability 
[35]. Other data suggest genetic regulation: BP response to DASH is associated with polymorphisms 
both in renin-angiotensin-aldosterone and in adrenergic system genes [56]. In addition, our prelimi-
nary data suggest that the high fiber in DASH affects the gut microbiome to promote the mucosal 
barrier, potentially improving intestinal tight junction and thus reducing absorption of inflammatory 
toxins that may elevate BP (unpublished data).

 Other DASH Effects

 Lipids

As noted above, the DASH diet is reduced in total and saturated fat. Thus, as expected, it lowered total 
and LDL-cholesterol [42]. However, it also lowered HDL-cholesterol slightly and had no effect on 
triglycerides. Therefore, a subsequent RCFT replaced 10% of carbohydrate in DASH with mono- and 
polyunsaturated fat while holding other DASH nutrients constant. With this modification, the 
OmniHeart study demonstrated similar BP and LDL-cholesterol lowering, increased HDL-cholesterol, 
and reduced triglycerides [6]. Although OmniHeart was a small trial (N = 161), and a subsequent 
smaller trial (N = 36) demonstrates similar effects with substituting saturated fat for some carbohy-
drate [14], the OmniHeart results suggest that a “Mediterraneanized”[24] version of DASH could 
lower BP with additional benefits to lipid profile.

 Other Outcomes

Although there is no other direct evidence of DASH effects on disease outcomes, there is a large body 
of observational data linking DASH to important public health priorities. A report analyzing 68 studies 
with a total of 1,670,179 participants and multiple other epidemiologic studies show that concordance 

1 The DASH Dietary Pattern
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with the DASH dietary pattern is associated with lower risk for all-cause mortality, cardiovascular 
disease in general, coronary artery disease, stroke [20, 33, 36, 50], cancer [19, 26, 30, 34, 51, 63], 
diabetes [13, 18, 31, 52], chronic kidney disease [47], and neurodegenerative diseases [52]. 
Associations between DASH and health have also been observed in populations of children and ado-
lescents [16]. Future research will determine whether these associations are causal and thus potential 
outcomes of successful DASH implementation.

 Implementing DASH

 Effectiveness Trials

While feeding trials established the efficacy of DASH, its ultimate implementation requires evi-
dence of effectiveness in individuals selecting and preparing their own meals. Several studies 
provide evidence of effectiveness. In the PREMIER clinical trial [4], the effects on BP of two 
18-month multicomponent lifestyle behavioral interventions compared to an advice-only control 
group were tested in 810 adults with above-optimal BP (>120/80 mm Hg). The two behavioral 
interventions were designed to stimulate adoption of what were at the time the well-established 
lifestyle guidelines for BP control (EST) or the well-established guidelines plus the DASH dietary 
pattern (EST + DASH). The well- established guidelines included weight loss if overweight (95% 
of participants), reducing sodium intake to 2300 mg or less per day, increasing physical activity to 
at least 180 minutes of moderate activity/week, and no more than moderate alcohol consumption. 
Participants in both intervention groups significantly reduced weight, improved physical activity, 
and lowered sodium intake, and the EST  +  DASH group also increased intake of DASH food 
groups (fruit, vegetable, and dairy). Mean reduction in SBP, net of the control group, was 3.7 mm 
Hg (p < 0.001) in EST group and 4.3 mm Hg (p < 0.001) in EST + DASH group [4]. Each indi-
vidual lifestyle modification was independently and significantly associated with SBP reduction at 
6 and 18 months [22].

Since PREMIER tested the effects of DASH within a combined lifestyle intervention program 
which included weight loss, sodium reduction, and increased physical activity, it did not determine the 
effectiveness of the DASH dietary pattern alone. In contrast, the ENCORE behavioral intervention 
trial compared DASH alone, DASH combined with a weight management program, and usual diet in 
144 adults with prehypertension or stage 1 hypertension (>130/80 mm Hg), according to the classifi-
cation at the time of the trial [9]. Both clinic and ambulatory BP fell by 11.2/7.5 mm Hg with DASH 
alone and by 16.1/9.9 mm Hg in the DASH plus weight management group. Thus, this study confirms 
that adoption of DASH in free-living individuals lowers BP, with greater effects when combined with 
a weight loss intervention. Incidentally, ENCORE demonstrated favorable effects of DASH on pulse 
wave velocity, baroreflex sensitivity, and left ventricular mass, all of which suggest improvement in 
vascular and autonomic function and cardiac morphology that could lead to reduced cardiovascular 
disease risk.

Both PREMIER and ENCORE trials involved extremely intense behavioral intervention and were 
provided in an academic medical center without engagement of a health system. In order to move 
closer to implementation in the real world, we conducted a DASH effectiveness trial in community- 
based primary care clinics. In the Hypertension Improvement Project (HIP), we compared BP effects 
of a physician intervention, patient intervention, both, or neither. The physician intervention included 
Internet-based training, self-monitoring, and quarterly feedback reports related to management of 
hypertension and counseling on nonpharmacologic interventions, including DASH. The patient inter-
vention included 20 weekly group sessions in the clinic, followed by 12 monthly telephone counsel-

P.-H. Lin et al.
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ing contacts to promote behavior change leading to adoption of the DASH dietary pattern, reduced 
sodium intake, weight loss (if overweight), and increased physical activity. Among 32 physicians in 8 
primary care practices, 574 patients (mean age 60 years, 61% women, 37% self-identified Black) 
were randomized to 1 of the 4 groups. The physician intervention itself did not significantly impact 
BP. At 6 months, the patient intervention reduced SBP by 2.6 mm Hg (95% CI: 4.4–0.7; p = 0.01). 
The combination of physician and patient intervention had an interactive impact on SBP (p-value for 
interaction = 0.03; mean SBP effect −9.7 +/− 12.7 mm Hg). Although differences between treatment 
groups did not persist at 18 months, highlighting the need for research on sustained impact, HIP sug-
gests that physicians play an important role in promoting DASH and other nonpharmacologic inter-
ventions for BP control [57].

 Implementation Challenges

The Joint National Committee on Prevention, Detection, Evaluation, and Treatment of High BP 
(JNC) adopted the DASH diet as a dietary pattern for hypertension prevention and nonpharmaco-
logic treatment from 1997 [32] until the final iteration in 2017 [15, 67]. DASH has also been 
consistently endorsed by the American Dietetic Association [3] and the NHLBI Lifestyle 
Guidelines [21], and it was adopted in 2005 as the dietary guideline for all Americans 2 years and 
older [61]. Inclusion of the DASH dietary pattern in national policy and clinical guidelines sets 
the stage for large-scale implementation of this dietary pattern. However, the challenges in imple-
mentation remain strong as indicated by the low levels of DASH adherence noted in national 
survey data [55].

For example, in 1999–2000 [12, 68], Americans were consuming far less than the nationally rec-
ommended amounts of fruit, vegetables, fiber, calcium, magnesium, and potassium—all of which are 
key components of the DASH dietary pattern. More than 10 years after DASH results were published, 
half of the total US population consumed <1 cup of fruit and <1.5 cups of vegetables daily, and three 
quarters did not meet fruit and vegetable intake recommendations [40].

Nonetheless, from 1999 to 2012, US dietary intake improved somewhat, including more whole 
grains and less fruit juice and sugar-sweetened beverages, but there was no significant improve-
ment in intake of total fruit and vegetables, processed meats, saturated fat, and sodium. In fact, 
overall adherence to DASH decreased in this time period so that only about 11% of the population 
was categorized in the highest quartile of DASH adherence score [10]. In addition, in a survey 
(1999–2004) among 4386 participants with hypertension, only 19.4% were classified as DASH 
accordant after adjustment for age and energy intake [38]. Thus, adherence to DASH remains 
suboptimal at a national level in the USA [55], and this is true across race/ethnicity, education, and 
income level.

Despite the disappointing adherence data, there is evidence that even half accordance with 
DASH may convey meaningful BP and health benefits. In the ENCORE study [9], DASH accor-
dance was found to be associated with BP change in a dose-response fashion, with significant BP 
lowering in the top two quartiles of intake, corresponding roughly to “half DASH” [23]. Future 
study is needed to verify the dose-response relationship between DASH accordance and BP effect. 
If this relationship is confirmed, strategies may be developed to encourage at least partial DASH 
adherence.

Many challenges contribute to low DASH adherence. At the individual level, factors such as emo-
tional eating, family and social support, social significance of food, knowledge, and even health insur-
ance coverage for dietary coaching serve as barriers [62]. At the environmental level, studies have 
shown that close proximity to convenience and fast-food outlets and a high density of fast-food outlets 
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and the lack of access to a sufficient quantity of affordable, nutritious food in the community are 
associated with low dietary quality [28, 43]. Another major challenge is the lack of training, time, and 
resources for clinicians to provide dietary coaching to patients. Thus, a multi-approach strategy is 
needed to overcome challenges and improve DASH adherence rates.

 Potential Strategies to Improve DASH Adherence

As noted above, intensive behavioral intervention trials lead to improvements in dietary pattern, and 
yet adoption of DASH is low. Individual, health-system, and environmental level barriers contribute 
to poor implementation. What is badly needed are evidence-based strategies for implementing what 
we know to be effective. Lessons learned from past research indicate that behavioral intervention 
programs that result in successful behavior change are generally rooted in social cognitive theory [7] 
and techniques of behavioral self-management [65]. They are ideally constructed using the transtheo-
retical or stages-of-change model [45, 46] and use motivational enhancement approaches [39, 48]. 
These approaches emphasize the importance of the individual’s ability to regulate behavior by setting 
goals, developing specific behavior change plans, monitoring progress toward the goals, and attaining 
skills necessary to reach the goals. Self-efficacy (one’s confidence in performing a given behavior) 
and outcome expectancies (one’s expectations concerning the outcome of that behavior) are critical 
mediators of behavior change [8, 48]. The transtheoretical model recognizes that behavior change is 
a dynamic process of moving through different motivational stages of readiness for change. Different 
behavioral strategies may need to be emphasized at different times, depending on the individual’s life 
circumstances and stage of change.

In addition, behavioral interventions conducted with small groups can take advantage of the econ-
omy of scale and the social support provided by a group of peers. For example, in the PREMIER trial 
of lifestyle intervention for lowering BP [4], the behavioral strategies discussed earlier were incorpo-
rated into an intervention consisting of frequent group sessions conducted by a trained interventionist 
in which participants provided extensive peer support. It is also important to design culturally appro-
priate intervention program. Examples of cultural appropriateness may include but are not limited to 
(1) having intervention encounters take place at a location in the community familiar to the partici-
pants; (2) employing staff from the same cultural background as participants; (3) selecting foods, 
activities, or examples from within the culture; and (4) involving staff and/or community stakeholders 
of diverse cultural backgrounds in program design.

Despite considerable understanding of the theory and practice of behavior change, additional 
research is needed to develop effective strategies for sustaining long-term dietary and lifestyle change. 
In addition, strategies are needed for scalability. With over 50% of the US population needing 
BP-lowering strategies [41, 67], a model that requires intensive on-site individual or small-group 
coaching cannot hope to adequately disseminate intervention. Early efforts at implementing DASH 
through mobile technology appear promising  [60].

 Tips for Clinicians

Previous research has shown that including clinicians in the care of hypertensive patients is more 
effective for BP control than lifestyle intervention by a coach alone [57]. Table 1.2 shows a simple tool 
utilizing the evidence-based 5 As approach (ask, advise, assess, assist, and arrange) [44] in assisting 
patients in following the DASH dietary pattern. This tool allows clinicians or other healthcare 
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professionals to (1) ask the patient to recall his/her own eating pattern, (2) advise the patient what 
DASH is, (3) assess the patient’s readiness to change his/her eating pattern, (4) assist the patient in 
identifying a goal toward better DASH adherence and setting an action plan, and (5) arrange a follow-
up visit to provide accountability. Table  1.3 includes a list of tips that may help clinicians assist 
patients in achieving a DASH-adherent dietary pattern.

 Available Resources
There are many resources available to help patients follow the DASH dietary pattern. Table 1.4 con-
tains a list of examples.

Even though these tools are very helpful to set the foundation for how one may start to change 
dietary pattern toward DASH, the motivation to change usually comes from within the individual and 
may be “discovered” through an interactive coaching process led by a trained professional. Thus, 
clinicians are strongly encouraged to collaborate with dietitians to help their patients make dietary 
changes toward DASH. Resources of local dietitians can be found in the American dietetic association 
website (https://www.eatright.org/find-an-expert).

 Future Needs and Directions

In order for DASH to reach its full potential to improve the public health, steps are needed to (1) 
deepen the understanding of the minimum effective “dose” of DASH and its mechanisms of 
action; (2) develop and test strategies for implementation and dissemination; (3) establish safety 
and efficacy of DASH in a wide range of clinical conditions and across the life span; (4) deter-
mine ways for a health system and healthcare policy to support DASH adherence, for example, 

Table 1.2 “Follow the DASH dietary pattern” Guide sheet

Food group serving sizes 1. Ask: How many 
servings do you usually 
eat in a day?

2. Advise: DASH 
guidelines (per 
2000 kcal per day)

3. Assess: How likely will you 
make changes in your eating 
in the next month?
4. Assist: Identify one goal to 
work on before next visit

Vegetables (1/2 cup cooked,  
1 cup raw leafy greens)

4–5 per day Goal:
Action plan:

Fruit (1/2 cup, 1 medium-sized 
fruit)

4–5 per day Goal:
Action plan:

Dairy (1 cup milk/yogurt, 1 oz 
cheese)

2–3 per day Goal:
Action plan:

Whole grains (1/2 cup cooked, 
1 slice bread)

3–4 per day Goal:
Action plan:

Meat/seafood (3 oz cooked) 2 or fewer per day Goal:
Action plan:

Nuts/seeds/legumes (1/4 cup 
nuts/seeds, ½ cup legumes)

4–5 per week Goal:
Action plan:

Sweets
(1 serving of dessert, 8 oz 
sweet drink)

5 or fewer per week Goal:
Action plan:

5. Arrange. Next visit date/time: _______________________________

1 The DASH Dietary Pattern
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through increased access to and insurance coverage for nutritional coaching; (5) empower 
providers to participate in the delivery of behavioral intervention for promoting DASH adherence; 
and (6) engage the food and restaurant industry in promoting more healthful dietary patterns 
across the nation.

 Conclusion

Strong evidence supports the benefit of the DASH dietary pattern for BP and lipids. Further, 
following DASH is also associated with overall health and health benefits including reduced 
risk for cardiovascular disease, coronary heart disease, diabetes, and chronic kidney disease. 
There is some evidence suggesting that the greater the adherence to DASH, the greater the ben-
efit and that partial adherence still conveys significant health benefit. Effective strategies are 
urgently needed to improve the implementation of this dietary pattern at both the individual and 
public health levels, and clinicians play a critical role in endorsing and promoting its 
implementation.

Table 1.3 Tips for clinicians

No Tips Rationale

1 Make diet a visit 
priority

Discussing diet at beginning of visit conveys the message that diet is important for BP 
management. If necessary, schedule visit to discuss diet specifically

2 Prescribe DASH Prescribing DASH rather than just recommending it conveys the message that 
following DASH is a critical component of BP treatment

3 Identify gap, set goal 
and action plan

Use “Follow the DASH dietary pattern” guide sheet (Table 1.2) to help patients 
identify areas that need improvement. Assist patients in setting goals and developing 
action plans

4 Use familiar terms Use common food terms and examples that patients can understand when discussing 
how to follow the DASH diet

5 Seek resources Engage dietitians or lifestyle counselors to help patients make long-term changes
6 Schedule follow-up 

visits
Accountability is critical in making and maintaining lifestyle changes. Scheduling 
follow-up visits may motivate patients to initiate and maintain changes

7 Model for the 
patients

Set a good model for the patients about following the DASH diet. Design the clinic to 
be DASH friendly by serving healthy food, snacks, and drinks

Table 1.4 Resources for patients

Tool Source Notes

Websites 1. http://www.nhlbi.nih.gov/health/resources/heart/hbp-dash-index
2. https://www.dashforhealth.com

Helpful overview and pamphlets 
about DASH

Phone 
apps

There are more than 20 smartphone apps designed to help users 
follow the DASH diet; most provide recipes, meal plans, and 
shopping list concordant with DASH

Apps that provide recipes and 
menu ideas but rarely with 
self-monitoring tool

Pamphlet Your Guide to Lowering Your Blood Pressure with DASH published 
by the NIH/NHLBI (NIH Publication No. 06-5834)

A brief summary of what DASH is 
and how to follow it

Books The DASH Diet for Hypertension by T. Moore
The DASH diet for weight loss by T, Moore

Complete guide for following 
DASH for BP control and for 
weight loss

P.-H. Lin et al.
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Key Points
• Since the “Seven Countries Study,” numerous epidemiological studies support the health 

benefits and disease prevention effect of adherence to the Mediterranean diet.
• The Mediterranean dietary pattern is based on olive oil (mainly EVOO or VOO) as the main 

source of fat and provides an important source of minerals, vitamins, antioxidants, mono- 
and polyunsaturated fatty acids, and fiber.

• The Mediterranean diet exerts cardioprotective properties, effects on the incidence and 
control of the clinical features of metabolic syndrome, obesity or T2DM, neurodegenerative 
diseases, and aging.

• The health benefits of this diet are attributed to its high concentration in MUFA (oleic acid 
from EVOO) but also to the minor components (polyphenols and other compounds) of this 
oil, with antioxidant and anti-inflammatory capacity.

• Studies are required to fully elucidate the mechanism of the benefit on human health, 
especially of the minor components of EVOO.

 Introduction

The Mediterranean diet is one of the best studied dietary patterns. Although this term refers to the 
dietary habits in a particular geographical location, the Mediterranean diet also needs to be considered 
as the result of sociocultural, political, religious, agricultural, and economic influences over time [1]. 
Since the Seven Countries Study associated the eating behaviors of Mediterranean countries with 
longevity and reduced risk of cardiovascular disease (CVD) compared to northern European countries 
and the USA over 25 years of follow-up [2], numerous epidemiological studies have supported the 
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health benefits and disease prevention effects of adherence to the Mediterranean diet [3, 4]. This diet 
is a shared and dynamic cultural heritage that was recognized by UNESCO in 2010 [5]. Its consump-
tion is associated with a decrease in the development of prevalent chronic diseases, particularly CVD 
and cancer [6, 7].

The proposed health benefits of the Mediterranean diet are mostly attributed to the consumption 
of traditional foods that encompass a wide variety of fresh and local and season products coupled 
with traditional culinary recipes. The Mediterranean diet defined as a dietary pattern is based on 
olive oil (mainly extra-virgin or virgin olive oil, EVOO and VOO, respectively) as the main source 
of fat, whole grains, legumes, fruits, vegetables, nuts, and fish, wine in moderation, and a moderate 
intake of lean, fresh meat, and dairy products, which provide an important source of minerals, vita-
mins, antioxidants, mono- and polyunsaturated fatty acids, and fiber [8]. The Mediterranean diet 
pattern is graphically represented as the “Mediterranean diet pyramid” including all food groups 
with adequate frequencies and quantities in the daily diet [8] (Fig. 2.1). Two indexes or scores are 
mainly used to facilitate the measurement of the adherence to the Mediterranean diet and, thus, to 
evaluate its associated health effects (Table 2.1): the Mediterranean Diet Score (MDS), a 0- to 9-point 
scale based on sample sex-specific medians of food groups, that presents potential limitations due its 
dependence on the habitual dietary characteristics of the sample [9] and the 14-item Mediterranean 
Diet Adherence Screener (MEDAS) that establishes adherence scores according to pre-defined nor-
mative criterion cutoff points for the consumption of specific food groups (pre-defined servings/day 
or servings/week) [10, 11].

The purpose of this chapter is to update the available evidence of the benefits of the Mediterranean 
diet in health through its impact on different chronic diseases.

 Components of the Mediterranean Diet

 Olive Oil as a Main Source of Fat

Olive oil is the primary source of dietary fat in the countries where olives are grown [12]. 
Historically, the healthy properties of the olive oil were attributed to its high proportion of mono-
unsaturated fatty acids (MUFAs), namely, oleic acid (up to 80% of its total lipid composition) 
[13], one of the main characteristics that makes it unique compared to other oils. MUFAs have 
only one double bond which makes it more resistant to oxidation and a high stability and a long 
shelf life compared to PUFA- enriched oils [14]. Olive oil also contains minor components, 
mostly phenolic compounds (up to 1–2% of the total content) which contribute to its unique fla-
vor and taste and distinguish it from other oils derived from seeds [15] (Table 2.2). Studies in 
humans and in animals (both in vivo and in vitro) have demonstrated that these phenolic com-
pounds exhibit anti-inflammatory, antioxidant, and antithrombotic characteristics and, thereby, 
have the ability to reduce the risk of the development of chronic diseases [16, 17]. The physical 
methods used to produce olive oil preserve most of its antioxidant, anti-inflammatory, and anti-
thrombotic qualities [18].

It is important to establish the type of olive oil, which depends in part on the production methods 
to obtain it, and determines not only its quality but also its taste and health properties. The first oil 
extracted, and produced using centrifugation and water only, is the so-called EVOO. It is the olive oil 
with the highest quality, considered as the fresh juice of the olive that preserves its high levels of natu-
ral antioxidants, vitamin E, and phenolic compounds. The VOO is also naturally obtained by the same 
process as EVOO although it has lower levels of minor components. Mechanical and subsequent 
pressings and refining processes involving heat and chemical solvents produce lowest-quality olive 
oils with loss of most of the healthy components.
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 Other Components of the Mediterranean Diet

The Mediterranean diet is mainly a plant-food dietary pattern that fits a pyramid model [8] (Fig. 2.1). 
This pattern includes all food groups and the culinary techniques used in this diet along with the daily 
frequencies and quantities. Typically, plant-origin foods are situated at the base of the pyramid that 
represents their consumption every day and in several portions. They are cereals and legumes (prefer-
ably with whole foods because they are more fiber-rich), fruits, and vegetables, including fresh 
legumes, providing an important source of fiber, vitamins A and C, minerals, and antioxidant com-
pounds [19]. Dairy products (yogurt, cheese, and other fermented products) should be consumed in 
moderate amounts because, despite their high concentration in calcium, they can be an important 
source of saturated fat. A reasonable consumption of nuts, seeds, and olives provides lipids, proteins, 
vitamins, minerals, and fiber [20]. Animal-origin foods and those rich in sugar and fats should be 
eaten in moderation and even in special occasions. Fish, shellfish, and white meat (poultry, turkey, or 
rabbit) can be consumed two to four servings per week providing high-quality protein and lipids. 
However, red meat is recommended less than two servings per week and processed meats intake less 
or equal to one serving per week [8].

Table 2.1 Main scores used in the measurement of the adherence to the Mediterranean diet

Name of score Food components Formula
Range 
of score

Mediterranean diet 
score 
(MDS-Trichopoulou)

Beneficial foods:
1. Vegetables
2. Fruit and nuts
3. Legumes
4. Cereals, bread, and potatoes
5. Fish
6.  Ratio of monounsaturated 

fatty acids to saturated fatty 
acids

7.  Moderate alcohol (10–50 g/
day for men; 5–25 g/day for 
women)

Detrimental foods:
1. Meat and poultry
2. Dairy products

Adding all points from positive items (higher 
than sex-specific median value) and negative 
items (lower than sex-specific median value)

0–9

Mediterranean Diet 
Adherence Screener 
(MEDAS)

1.  Olive oil as main culinary fat
2.  Olive oil ≥4 tablespoons/day
3. Vegetables ≥2 servings/day
4. Fruits ≥3 servings/day
5.  Red or processed meats <1 

serving/day
6.  Butter, cream, margarine <1 

serving/day
7.  Sweet/carbonated beverages 

<1 serving/day
8. Wine ≥7 glasses/week
9. Legumes ≥3 servings/week
10.  Fish or seafood ≥3 servings/

week
11.  Commercial bakery ≤2 

servings/week
12. Nuts ≥3 serving/week
13.  Poultry more than red meats
14.  Use of sofrito sauce ≥2 

servings/week

1 point allocated to positive responses; no 
points for negative responses

0–14
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 The Mediterranean Diet in Health and Disease

 The Cardioprotective Effect of the Mediterranean Diet

During the past decades, scientific evidence has demonstrated the cardioprotective effect of the 
Mediterranean diet by associating a high adherence to this diet with lower incidence of CVD [9, 21]. 
Accordingly, different intervention studies have demonstrated that consumption of this diet is associ-
ated with significant improvement in health status and reduction in all-cause, cardiovascular, and 
cancer mortality [22, 23]. In this sense, the primary prevention PREDIMED (Prevención con Dieta 
Mediterránea) trial including 7447 middle-aged people at high risk of CVD randomized to three 
diets: two Mediterranean diets, one supplemented with EVOO, and the other with nuts versus a con-
trol low- fat diet [24]. Following the initial publication, statistical reviewers concluded the relative 
reduction of 30% in the risk of first major CVD event (nonfatal myocardial infarction, nonfatal 
stroke, or cardiovascular death), after a median of 4.8 year’s follow-up in both Mediterranean diet 
arms, could have been influenced by an effect size or even to problems with the integrity of random-
ization to the diets [25–27]. In response, the authors retracted the original manuscript, reanalyzed the 
data, and published a new report with similar results in terms of the Mediterranean diet effects [28].

Different pathophysiological mechanisms have been proposed by which the Mediterranean diet 
exerts its beneficial cardiovascular properties through anti-inflammatory, antioxidant, and antithrom-
botic effects, as well as by its action on endothelial dysfunction, blood pressure, and lipid profile.

 The Mediterranean Diet Effects on Endothelial Function: Anti-inflammatory 
and Antioxidant Properties of the Diet

Endothelial dysfunction is characterized by enhanced expression and release into the circulation 
of inflammatory cytokines and adhesion molecules, decreased production of nitric oxide (NO), 
which maintains vascular homeostasis and plays a crucial role in the normal endothelial function, 
and increased production of reactive oxygen species. Indeed, one of the main mechanisms by 

Table 2.2 Principal EVOO components

Fatty acids
Oleic acid (C18:1) (55–83% of EVOO)
Linoleic acid (C18:2) (3.5–21% of EVOO)
Palmitic acid (C16:0) (7.5–20% of EVOO)
Stearic acid (C18:0) (0.5–5% of EVOO)
Linolenic acid (C18:3) (specifically alpha-linolenic acid, 0–1.5% of EVOO)
Unsaponifiable fraction
Polyphenols (18–37% of this fraction)
   Flavonoids (flavonols and anthocyanins)
   Phenolic acids and alcohols (hydroxytyrosol, oleuropein, tyrosol, caffeic acid, ligstroside, vanillic acid)
Sterols (triterpene, triterpene dialcohols, 4-methylsterols)
Tocopherols (2–3% of this fraction)
   Alpha-, beta-, delta-, and gamma-tocopherols
Hydrocarbons (30–50% of this fraction)
   Squalene
   Beta-carotene

Pigments (chlorophylls and carotenoids)
EVOO extra-virgin olive oil (CX:Y), above indicates C carbon, X number of carbon atoms in the molecule, Y number 
of double bonds
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which endothelium- dependent vasodilation is impaired is an increase in oxidative stress that inac-
tivates NO [29].

A body of evidence supports a favorable effect of the Mediterranean diet on the vasomotor function 
of the endothelium. Accordingly, a 4-week period of consumption of a Mediterranean diet rich in 
EVOO was associated with an improvement in endothelial function versus a SFA-rich diet in hyper-
cholesterolemic patients [30]. The same improvement was observed in elderly subjects after con-
sumption of a Mediterranean diet, probably mediated by lower inflammation and oxidative stress and 
higher NO bioavailability, compared to other diets [31–33]. Moreover, this diet was able to reduce the 
endothelial microparticles concentration and to increase endothelial progenitor cell levels related to 
endothelial damage and regenerative capacity of the endothelium, respectively [34]. Results from the 
PREDIMED study showed that a Mediterranean diet rich in EVOO or nuts led to a reduction in 
C-reactive protein (CRP), interleukin-6 (IL-6), and other inflammatory biomarkers in subjects with 
high cardiovascular risk [35]. Similarly, patients were found to exhibit a reduction in the expression 
of pro-inflammatory and prothrombotic genes, after 3 months of a Mediterranean diet rich in EVOO 
compared to a Mediterranean diet rich in nuts or a control diet [36]. Similar findings were obtained 
during the postprandial state, where the Mediterranean diet also has anti-inflammatory effects [37, 
38]. In addition to the high MUFA content, EVOO phenolic compounds of the Mediterranean diet are 
powerful antioxidants that have been shown to be effective treatment for the oxidative stress associ-
ated with several chronic diseases. Perez-Martinez et al. showed that consumption of a Mediterranean 
diet, rich in EVOO, reduced postprandial levels of lipid peroxide (LPO), protein carbonyl, and plasma 
hydrogen peroxide levels compared to a SFA-rich diet in metabolic syndrome subjects [39]. Similarly, 
this dietary pattern produced a greater postprandial decrease in plasma LPO and nitrotyrosine levels 
compared to other diets in elderly men and women [40].

 The Mediterranean Diet Effects on Lipid Profile

Both total cholesterol (TC) and LDL-cholesterol levels are directly associated with CVD risk, while 
there is an inverse relationship with HDL-cholesterol [41]. Many studies have aimed to explore the 
effects of the fatty components of the diet on the lipid profile. The Mediterranean diet, due to its high 
MUFA concentration, has been shown to reduce TC, LDL-cholesterol, and the ratio TC/HDL- 
cholesterol when it is substituted for SFA [40, 42]. By design, most of the studies have focused on the 
influence of fasting lipids on CVD. However, it has become increasingly important to assess postpran-
dial lipemia both for its relationship with pro-oxidative, prothrombotic, and pro-inflammatory bio-
logical changes as for a direct link to cardiovascular events [43]. When considering the effect of 
different dietary models on postprandial lipids, most of the research has been performed using the 
same (or very similar) meal base, enriched with different sources of fat. In this context, current evi-
dence suggests that omega-3 leads to a low postprandial hypertriglyceridemia, but the amount of 
omega-3 necessary to cause such effect is difficult to maintain in a regular meal. However, a MUFA- 
rich fat and, in particular, phenolic compounds (provided by EVOO) provoke a sharper, earlier rise in 
triglyceride levels, followed by a faster lipid clearance, compared to SFA-rich meals, which produce 
a smaller increase in triglycerides [44].

 The Mediterranean Diet on Metabolic Syndrome and Obesity

The metabolic syndrome (MetS) is a cluster of risk factors that reflects mainly overnutrition and 
sedentary lifestyle. In 2001, the National Cholesterol Education Program Adult Treatment Panel 
III (NCEP-ATP III) [45] proposed the presence of three of the following five factors to define 
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MetS: abdominal obesity (highly correlated with insulin resistance), reduced HDL-cholesterol, 
elevated triglycerides, elevated blood pressure, and elevated fasting glucose. In 2005, the 
International Diabetes Federation (IDF) set up a novel criterion for the assessment of MetS, which 
compromises central obesity as the principal characteristic pairing with two of the four criteria 
described by NCEP-ATP III [46]. Patients with MetS are at risk for type 2 diabetes mellitus 
(T2DM) and CVD [47]. In fact, this syndrome is associated with increased morbidity and all-
cause mortality [48]. The pr of MetS in adults is estimated at 25% of the population [49] and is 
increasing to epidemic proportions, making it an important worldwide public health problem. The 
cause of MetS is multifactorial implicating a complex interaction between genetic background, 
hormones, and nutrition [50]. Accordingly, investigators have concluded that lifestyle modifica-
tions, such as increased physical activity, weight loss, or adherence to a healthy eating such as the 
Mediterranean dietary pattern, should be associated with reversal of MetS or improvement in its 
components [51].

Recent evidence highlights the protective effect of the Mediterranean diet on components of 
MetS [52]. The benefits associated with this diet might be due mainly to its well-described and 
documented antioxidant and anti-inflammatory properties [53]. The ATTICA study demonstrated 
20% decrease in the risk of developing MetS with Mediterranean diet adherence for 3042 Greek 
subjects without CVD or diabetes, who lived in the Athens province for which the study is named. 
The authors suggested a relationship between the Mediterranean diet and an increase in antioxi-
dant capacity accompanied by low oxidized LDL-cholesterol concentrations as potential mecha-
nisms for the beneficial risk reduction [54]. The diminishing risk for MetS associated with 
adherence to the Mediterranean diet was also shown in another cohort study carried out by 
Tortosa et al. during a 6-year follow-up [55]. These beneficial Mediterranean diet effects have 
been attributed, at least in part, to its fat composition, specifically to the content in 
MUFA.  Previously, the LIPGENE study, a large pan-European isocaloric dietary intervention 
study of MetS subjects, showed that diets with SFA replacement with MUFA or low-fat, high 
amount of complex carbohydrate, had an effective improvement of insulin sensitivity [56], post-
prandial inflammatory status [57], and oxidative stress [39], as well as improvement in endothe-
lial function [58]. Especially interesting are studies of non-Mediterranean populations, such as 
the 7-year follow-up investigation of the Framingham Heart Study Offspring Cohort of 1918 US 
participants that revealed a reduced incidence of MetS, including reduced abdominal obesity and 
enhanced insulin resistance, associated with adherence to the Mediterranean diet [59]. More 
recently, two clinical trials have explored the effect of the Mediterranean diet on MetS patients at 
risk of CVD. The first is in the context of the PREDIMED study [28]. This study showed that a 
Mediterranean diet supplemented with nuts reversed MetS more than a low-fat diet, in the con-
text of primary prevention of CVD, after the first year of follow-up [60]. In fact, the Mediterranean 
diet, either supplemented with EVOO oil or nuts, was not associated with the onset of MetS but 
with its regression [61]. The second trial is the CORDIOPREV (CORonary Diet Intervention 
with Olive oil and cardiovascular PREVention) study that included 1002 patients with coronary 
artery disease (CAD) in the context of secondary prevention of CVD [62]. Results from the 
CORDIOPREV study demonstrated that in patients with MetS, the polymorphism at the TNF-
alpha gene interacts with the Mediterranean diet to influence triglyceride metabolism and inflam-
mation status, showing that the detrimental profile associated with G/G genotype improved after 
1 year of dietary intervention [63]. The results from CORDIOPREV study support the mecha-
nism that Mediterranean diet consumption might play a contributing role in triggering lipid 
metabolism by interacting with the rs3764261 SNP at CETP gene locus in MetS patients [64]. In 
summary, these results support the important role of the Mediterranean diet in personalized treat-
ment of patients with MetS. Adherence to the Mediterranean diet has a great impact on the indi-
vidual components of the MetS. In fact, the Mediterranean diet could be considered the first step 
in the clinical management of patients with MetS [19, 65].
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 Impact of the Mediterranean Diet on Type 2 Diabetes Mellitus

Type 2 diabetes mellitus (T2DM) is difficult to prevent and control. Lifestyle modifications, 
particularly, a healthy diet, are well established as beneficial in the treatment of T2DM.  The 
Mediterranean diet is one of the most widely investigated dietary patterns hypothesized to be effec-
tive in the management and prevention of T2DM and, in turn, the reduction of T2DM complications 
[66]. In fact, Martinez-Gonzalez et al. found in a prospective cohort study that high adherence to 
the Mediterranean diet was associated with reduction in the development of T2DM [67]. These 
findings were also confirmed in other prospective cohort studies (TOSCA.IT and EPIC-Potsdam [4, 
21]) and in intervention dietary clinical trials, including the SUN cohort, PREDIMED, and 
CORDIOPREV studies [21, 68, 69].

The health benefits of the Mediterranean diet on T2DM could be attributed to the anti- 
inflammatory and high antioxidant properties of the diet [2] and improvement in glycemic control 
and endothelial function [70]. For example, EVOO prevents insulin resistance, metabolic syn-
drome, or obesity and might lead to better lipid profiles not only due to the high MUFA content 
but also attributed to other minor components of this oil. Although the adherence to this diet 
improves β-cell function, it is tissue- specific, producing an increase of insulin sensitivity in T2DM 
patients who have muscle insulin resistance [69]. The Mediterranean diet consumption is also 
associated with higher adiponectin [71], lower advanced glycation end products levels, modula-
tion of the glycotoxin metabolism, and also a lower glycemic index, which may also partly explain 
the beneficial effects on glucose control, hyperinsulinemia and insulin resistance, and, ultimately, 
the reduced T2DM risk [72, 73].

 Impact of the Mediterranean Diet on Kidney Disease

Patients with chronic kidney disease (CKD) are at high risk of CVD complications. In the last decade, 
different dietary strategies have been proposed in the approach to prevent CKD and delay the need for 
dialysis. Mainly, these dietary recommendations are focused on changes of energy and protein and the 
restriction of single micronutrients (sodium, potassium, and phosphorus) consumption [74].

Recently, the application of a Mediterranean diet was shown to have a favorable effect, at 
least, in the earlier stages of CKD, establishing a relationship between this diet and markers 
related to kidney function (a reduction of albuminuria, glomerular filtration rate decline, and 
serum levels of urea and creatinine) [75]. Of note, these health benefits do not result from a single 
component of the Mediterranean diet, but the whole diet model is responsible. In this sense, pro-
tein content in the Mediterranean diet aligns with the recommended protein intake for CKD 
(~0.8 g/kg/day) where the main source comes from vegetables, fish, and white meat providing, 
compared to red meat, lower dietary sodium, phosphate, and potassium [76, 77]. Moreover, the 
lipid-derived energy of the Mediterranean diet is mainly due to oleic acid from EVOO (50% 
MUFA of the total fat), highly associated with a lower risk of both CVD and all-cause mortality. 
The low consumption of red or processed meat determines a low SFA intake, not exceeding 
7–8%, contributing to the beneficial effect of this diet since SFA is associated with pro-inflam-
matory and pro-oxidant properties [78]. This, together with other favorable effects of the 
Mediterranean diet, described previously, provides mechanistic pathways to explain reduction of 
renal function decline and improved survival in CKD patients who have high adherence to a 
Mediterranean diet.
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 Impact of the Mediterranean Diet on Neurodegenerative Diseases

Neurodegenerative disorders constitute the most prevalent among age-related diseases, and 
according to the World Health Organization (WHO), around 50 million people have dementia 
[79]. By 2050, it is projected that Alzheimer’s disease (AD) will affect 13.8 million worldwide 
[80]. Neurodegenerative diseases share mitochondrial dysfunction and increases in oxidative 
stress as common features [81]. Parkinson’s disease (PD) is estimated to be the second most preva-
lent neurodegenerative disorder, so that by the age of 85 years, half of the population develops PD 
signs [82]. Since no curative therapies are available for neurodegenerative diseases, the current 
focus is on prevention. Accordingly, lifestyle and health behaviors, such as diet, are the more rel-
evant preventative therapies [83]. Due to the antioxidant, cardioprotective, and anti-inflammatory 
properties of the Mediterranean diet, investigators hypothesized it to be protective for neurodegen-
erative diseases.

Among protective modifiable lifestyle factors against AD and cognitive decline, the Mediterranean 
diet is one of the more extensively studied in the literature [84]. Several prospective cohort and case- 
control studies suggest an association between adherence to the Mediterranean diet and improved AD, 
dementia, and cognitive function outcomes, although in some studies the findings were inconclusive 
[23]. A meta-analysis published in 2014 showed that people in the highest Mediterranean diet tertile 
had up to 33% lower risk of AD compared to the lowest tertile, with an increased protective effect 
against the progression of dementia with greater Mediterranean diet adherence, suggesting a dose 
response [85]. These findings highlight the necessity for additional investigation of the Mediterranean 
diet and dementia-related diseases. More recently, the results from a population of 1865 individuals 
of the HELIAD (Hellenic Longitudinal Investigation of Aging and Diet) study showed that greater 
adherence to the Mediterranean diet was associated with decreased risk of dementia and better cogni-
tion, with a strong association for memory [86].

Regarding other neurodegenerative diseases, there is only limited evidence of an association 
between dietary patterns and onset of the diseases. In the case of PD, most of the literature has 
focused on individual foods rather than on dietary patterns. The studies have revealed no consis-
tent findings regarding the protective effect of the Mediterranean diet on PD.  In a recent case-
control PD study in Italy, there was no difference between the groups in terms of overall 
Mediterranean diet adherence [87]. In contrast, another case-control study performed in the USA 
showed that adherence to the Mediterranean diet was inversely associated with the odds of PD and 
also was directly associated with a later age of PD onset [88]. A recent study by Agarwal et al., 
published in 2018 on a population of 706 participants from the Rush Memory and Aging Project 
(MAP), showed a moderate protective association for the Mediterranean diet and development of 
PD and progression of the parkinsonian signs [89]. The authors found the strongest association of 
positive outcomes with the adherence to MIND (Mediterranean-DASH Diet Intervention for 
Neurodegenerative Delay) diet, which emphasizes foods and nutrients that have shown to protect 
the brain with aging in previous studies [90, 91].

The potential mechanisms which might be involved in the protective effects of the 
Mediterranean diet on neurodegenerative diseases have been investigated using animal and 
in vitro models. These studies have explored the specific components of the Mediterranean diet 
with neuroprotective effect. In this context, polyphenols found in EVOO and red wine have been 
of particular interest, with evidence suggesting that they could act as “caloric restriction mimick-
ers,” activating similar sirtuin pathways as caloric restriction diets [92]. A recent in vitro study 
has demonstrated protective properties of resveratrol on PC12 cells from the apoptotic action of 
Aβ23–Aβ35 peptides [93].
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 Conclusions

Growing evidence indicates that adherence to a Mediterranean diet is associated with benefits on human 
health, particularly reducing the incidence and development of different chronic diseases. This fact is not 
only attributed to its high concentration in MUFA (oleic acid from EVOO) but also to the minor compo-
nents (polyphenols and other compounds) of this oil, with antioxidant and anti- inflammatory capacity. In 
addition, the Mediterranean diet is also associated with limited intake of pro-inflammatory simple carbo-
hydrates, SFA, and processed meats. All of this confers the Mediterranean diet with cardioprotective prop-
erties, slowing down the earlier stages of the development of atherosclerosis, producing a favorable lipid 
profile, decreasing blood pressure, and shortening postprandial lipemia, effects on the incidence and con-
trol of the clinical features of metabolic syndrome, obesity or T2DM and neurodegenerative diseases, and 
aging (Fig. 2.2). Although the current review provides strong evidence for the beneficial effects derived 
from a Mediterranean diet consumption in humans, more studies are required to fully elucidate the mecha-
nism of the benefit, especially of the minor components of EVOO on human health. In this sense, it would 
be particularly interesting to evaluate whether it is one or more phenolic compounds, which cause these 
effects, or if they are the consequence of a synergic effect of the total phenolic fraction.
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Key Points
• Multiple professional health societies have endorsed plant-predominant dietary patterns in 

recent years.
• Plant-based diets can benefit heart health by significantly reducing the risk factors that con-

tribute to heart disease.
• Plant-based nutrition can prevent CVD risk factors, including diabetes and high blood pres-

sure, as well as cardiac events.
• Animal-based food is not a necessary source of protein. With careful planning, plant proteins 

can provide adequate amounts of essential and nonessential amino acids.
• Physicians should be well informed with nutrition concepts to appropriately educate patients 

and staff about healthy, whole, plant-based foods.

 Mechanism of Action

Coronary artery disease (CAD) is a largely preventable condition characterized by atherosclerotic 
plaques, resulting from an excessive, inflammatory fibro-proliferative response to various forms of 
insult to the vascular endothelial cell (VEC) lining the coronary arteries [18]. CAD risk factors such 
as tobacco use, dyslipidemia, hypertension, and type 2 diabetes mellitus (T2DM) have all been found 
to cause VEC injury and dysfunction leading to atherogenesis, atherosclerosis, or atherothrombotic 
CAD [18]. The three main stages of atherogenesis that lead to atherosclerosis include VEC injury, 
LDL oxidation, and macrophage activation [10]. VEC function regulates vascular homeostasis, and it 
contributes to the pathogenesis and clinical expression of CAD [66]. Studies suggest that plant-based 
nutrition may decrease CAD mortality by interrupting or reversing the atherogenic process [19, 51]. 
One potential mechanism by which plant-based nutrition promotes health is through the positive 
effects of polyphenols on endothelial cell function [66]. Individuals with the largest intake of polyphe-
nols are shown to have modestly reduced CAD risk [29, 48]. Polyphenols also limit platelet adhesion 
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and aggregation, which can precipitate acute coronary syndromes after plaque rupture [48]. Lastly, 
polyphenols also have beneficial effects on LDL oxidation [12, 25].

Red meat is an established risk factor for heart disease. The prospective Nurses’ Health Study 
reported that higher intakes of red meat were significantly associated with an elevated risk of heart 
disease [8]. This conclusion was later confirmed in a cohort of male physicians, with men in the high-
est quintile for red meat consumption having a 24% increase in risk of heart failure compared with 
those in the lowest quintile [5]. Studies in animals and humans suggest a mechanistic link between 
intestinal microbial metabolism of nutrients in red meat (choline and L-carnitine) and CAD through 
the production of a pro-atherosclerotic metabolite called trimethylamine N-oxide (TMAO) [41]. 
Omnivorous individuals produce more TMAO compared with consumers of primarily plant-based 
diets [61], and elevated TMAO levels are predictors of CAD [73]. TMAO produced from red meat 
nutrients may play a role in promoting atherosclerosis by activating macrophages and foam cells [68].

Emerging evidence suggests that increased atheroma burden and unstable plaque formation may 
be associated with type 2 immunity [70]. The mammalian oligosaccharide galactose α-1,3-galactose 
(α-Gal) is the target allergen of delayed anaphylaxis to red meat. A recent study demonstrated that IgE 
sensitization to α-Gal is associated with CAD, identifying a potentially modifiable risk factor for 
atherosclerotic coronary disease [70].

 Plant-Based Dietary Patterns and CVD Risk Factors

Randomized controlled trials and epidemiological studies indicate that plant-based diets, particularly 
vegan diets, are associated with significant improvement in CVD events, lowering risk factors such as 
T2DM and hypertension [24], decreasing symptomatic and scintigraphic myocardial ischemia and 
regression of CAD [50], thus revolutionizing our understanding about heart-healthy food patterns and 
the biological mechanisms linking dietary factors and CVD [65].

 Diabetes Mellitus

The leading cause of death for patients with diabetes is CVD, and the relative risk for CVD mortality 
and morbidity is 2.5–5 times higher in adults with diabetes, compared to those without diabetes [3]. 
Multiple studies have shown the beneficial effects of plant-based nutrition in diabetes prevention and 
treatment. The longitudinal Adventist Health Study-2 demonstrated the lowest risk of developing 
diabetes in vegans, followed by lacto-ovo vegetarians, pesco-vegetarians, and semi-vegetarians, com-
pared to non-vegetarians [63]. Similarly, analysis from the large prospective Adventist Health Study- 2, 
which included a 2-year follow-up of over 41,000 subjects, found that the incidence of diabetes was 
lowest in vegans compared with non-vegetarians [62]. In a prospective study of older women initially 
free of diabetes, total grain, whole-grain, total dietary fiber, cereal fiber, and dietary magnesium intake 
showed strong inverse associations with incidence of diabetes after adjustment for potential non- 
dietary confounding variables [45]. Similarly, the Nurses’ Health Study demonstrated a lower T2DM 
incidence for ascending quintiles of intake of cereal fiber and the ratio of polyunsaturated fat intake to 
saturated fat intake, along with a higher incidence for ascending quartiles of trans fat intake and gly-
cemic load [59]. In the same cohort, nut consumption was inversely associated with risk of T2DM 
[34] after adjustment for other clinical and dietary factors. Analysis of 3 studies that followed more 
than 200,000 male and female health professionals across the USA for more than 20 years found that 
a diet emphasizing plant foods and low in animal foods was associated with an approximately 20% 
reduction in the risk of T2DM [55].
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Plant-based diets are also more effective in reducing body weight and improving glycemic control 
than non-vegetarian diets in diabetes treatment [1]. A recent meta-analysis of controlled trials found 
that vegetarian diets significantly improved glycemic control in diabetics [74, 76]. In fact, adherence 
to plant-based nutrition reduced HbA1c by an average of 0.4 points in comparison with conventional 
diets [74, 76]. Exercise further augments these benefits [37].

Currently, both the Canadian and American Diabetes Associations include plant-based diets among 
several recommended dietary patterns for individuals with T2DM [44, 54].

 Hypertension

Approximately 75 million Americans, or over a third of the population, have hypertension (HTN), using 
the threshold for detection 140/90 mm Hg [39]. Hypertension is a well-established risk factor for CVD 
and can significantly increase the risk of death from stroke and CVD [7]. A large analysis of population-
based studies between 1990 and 2015 found that 14% of all deaths and 143 million life- years of disabil-
ity were attributable to HTN [23]. Multiple studies have shown that increased fruit and vegetable 
consumption and reduced sodium intake can decrease both systolic and diastolic blood pressure [4, 35]. 
For instance, the Coronary Artery Risk Development in Young Adults HTN sub- study, which followed 
young adults over 15 years, found that intake of plant-based foods was inversely related to the incidence 
of elevated BP, while red meat and processed meat were associated with elevated blood pressure [60]. 
Similarly, a large prospective study of three longitudinal cohorts, from the Nurses’ Health Study, Nurses’ 
Health Study II, and the Health Professionals Follow-Up Study, found that intake of even one daily serv-
ing of animal products was associated with a 30% increased risk of HTN [9]. A meta-analysis from 2013 
that included 7 randomized trials and 32 observational studies also found that vegetarian diets were 
associated with lowered blood pressure levels, compared with non-vegetarian diets [74, 76]. A more 
recent prospective study of over 4000 individuals found that those who followed a vegetarian diet had a 
34% lower risk for HTN, compared with their omnivorous counterparts, even after adjusting for insulin 
resistance, inflammation, and obesity [13]. Conversely, vegetarian diets are related to reductions in both 
systolic and diastolic blood pressure, in comparison with animal-based diets [76]. These outcome mea-
surements were independent of sodium intake, body weight, and exercise levels. A reduction in systolic 
blood pressure by 5 mmHg results in an estimated 7% reduction in all-cause mortality, 9% reduction in 
mortality from coronary heart disease, and 14% reduction in mortality from stroke [38, 74, 76]. Thus, 
the benefits of plant-based nutrition for HTN are clearly established.

 Cholesterol

According to recent data, nearly 95 million American adults have high total cholesterol [39, 47], and 
78 million have elevated levels of low-density lipoprotein cholesterol (LDL-C) [39]. Even more con-
cerning, approximately 7% of children aged 9–16 years also have high LDL-C [39]. Over one-third of 
all CVD cases are due to elevated LDL-C levels [39], and every 1% reduction in LDL-C reduces the 
risk for a major cardiac event by approximately 1% [39]. Along with exercise, diet can lower LDL-C 
levels by 30–40% in individuals with or at risk for CVD [39, 50]. Dietary patterns strongly affect 
plasma LDL-C levels; thus, nutrition is a key component of disease prevention and management.

Consumption of saturated fat, trans fats, and dietary cholesterol, primarily from animal products in 
the American diet, leads to an increase in serum cholesterol concentration. However, replacing dietary 
saturated fats with plant-based products can reduce the risk of CVD by approximately 30%, similar to 
the effects of statin therapy [32, 49]. Several observational studies showed lower levels of total and 
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LDL-C in vegetarians versus non-vegetarians, with the lowest lipid levels found in vegans [33, 39]. 
These observations have been confirmed by randomized clinical trials. A recent meta-analysis of ten 
randomized trials demonstrated significant reductions in total cholesterol and LDL-C levels from 
plant-based dietary patterns [67]. A subsequent meta-analysis of randomized trials confirmed that 
these beneficial effects lasted in the long-term setting [75].

 Cerebrovascular Accident

Cerebrovascular disease is estimated to be the second leading cause of death after CVD worldwide 
[21]. In the USA, nearly 795,000 strokes occur annually [7]. A meta-analysis of prospective studies 
found an inverse association between the risk of stroke and vegetable and fruit consumption [30], 
while red meat (especially processed meat) was associated with significantly increased risks for stroke 
[71]. A recent dose-response meta-analysis showed that adding an additional serving of meat into 
one’s diet increased the chances of ischemic stroke by 24% [72]. Conversely, adhering to a predomi-
nantly plant-based diet has been found to reduce the mortality and morbidity from CVD, including 
stroke. Data from Nurses’ Health Study, comprising a cohort of more than 70,000 women followed 
over for 20 years, demonstrated that women who adhered the most to a plant-based diet (PBD) were 
at lower risk of incident CVD and stroke compared with those that adhered the least (relative risk 
[RR], 0.71; 95% CI, 0.62 to 0.82; p < 0.0001 for CHD; RR, 0.87; 95% CI, 0.73 to 1.02; p = 0.03 for 
stroke). Importantly, CVD mortality was significantly lower among women with the highest con-
sumption of a PBD (RR, 0.61; 95% CI, 0.49 to 0.76; p < 0.0001) [26]. Similarly, the PREDIMED 
trial, a large primary prevention trial, found that the Mediterranean diet reduced CVD events, defined 
as nonfatal acute myocardial infarction, nonfatal stroke, or cardiovascular death, by 30% compared 
with controls [20]. Thus, plant-based dietary patterns may provide benefits in lowering both the risk 
of cerebrovascular morbidity and stroke mortality.

 Chronic Kidney Disease

Chronic kidney disease (CKD) is a progressive disease characterized by gradual loss of kidney func-
tion, often leading to kidney failure over time. The prevalence of CKD is growing, particularly in 
those over age 60 years. Approximately 30 million American adults have CKD, and another 1 in 3 is 
at risk for developing it [53]. Furthermore, CKD increases the risk of CVD by 30% [53]. Studies have 
shown that plant-based nutrition is beneficial for both preserving and improving kidney function 
(Table 3.1). Plant-based diets are suggested to provide endothelial protection, control high blood pres-
sure, delay progression of CKD, and decrease proteinuria.

However, plant-based proteins were traditionally viewed as nutritionally inadequate and poten-
tially even dangerous for patients with CKD.  In particular, there are concerns that predominantly 
plant-based diets, while low in protein, may be rich in potassium and phosphorus. Although many of 
these concerns have been debunked, they have limited use of plant-based nutrition in this patient 
population.

Dietary interventions focused on reducing the consumption of nutrients such as protein, phospho-
rus, and sodium have been linked to improved outcomes in CKD, particularly in those with moderate 
to severe disease. Protein derived from plant sources may have less adverse effects on the metabolic 
risk factors in CKD, compared with animal-derived proteins [36]. Plant-based proteins also provide 
added benefits of reduced serum phosphate levels, which lower fibroblast growth factor 23 (FGF23) 
induction, as well as reduced metabolic acidosis and systemic blood pressure. Although plant-based 
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proteins contain more phosphorus, they are stored in a nonabsorbable form as phytate. Consequently, 
phosphorus in plant proteins is only 30–50% bioavailable because humans lack the enzyme phytase, 
whereas animal proteins are approximately 70% bioavailable [52]. Thus, advising patients with CKD 
to consume more animal-based proteins may actually worsen serum phosphorus levels, promoting 
CKD progression and worsening secondary hyperparathyroidism. Studies of CKD have shown that 
serum phosphorus levels worsened when protein was derived from animal-based diets and improved 
with plant-based sources [46, 56].

Potassium can also be safely included in the renal diet. Legumes typically have a higher potassium- 
to- protein ratio than equal amounts of protein from animal meats. However, legumes also contain 
other beneficial nutrients. Substituting higher potassium plant proteins (i.e., tofu) with nuts or soy-
beans is simple modification to safely satisfy the renal diet.

While intake of individual micronutrients may play an important role in CKD outcomes, it can not 
only be difficult to quantify them in population-based studies but also overwhelming to address mul-
tiple micronutrients when targeting dietary modifications as a means to slow CKD progression. 
Instead, emphasizing healthful dietary patterns may be more efficacious. Both the Dietary Approaches 
to Stop Hypertension (DASH) diet and the Mediterranean diet have been associated with favorable 
CKD outcomes. A subgroup analysis from the Nurses’ Health Study found that adherence to a DASH- 
type dietary pattern was associated with lower odds of declining estimated glomerular filtration rate 
(eGFR) compared with those consuming a non-DASH diet [43]. Similarly, a recent study showed that 
adherence with a Mediterranean diet was associated with a significantly reduced risk of developing 
CKD [40]. The authors performed an observational, community-based prospective study to assess the 
association of adherence to the Mediterranean diet on long-term kidney function. In adjusted models, 
every 1-point increase in the Mediterranean diet score was associated with decreased odds of incident 
eGFR <60 ml/min/1.73 m2 and decreased odds of being in the upper quartile of eGFR decline. Another 
recent study suggested that a plant-based dietary pattern high in fruits, vegetables, and fish was associ-
ated with a lower risk of mortality in CKD patients, compared with a general diet [27].

Thus, plant-based diets may exhibit beneficial metabolic effects in patients with CKD and 
should be encouraged as part of effective management of CKD [36]. Accordingly, the National 
Kidney Foundation recommends vegetarianism, or part-time vegetarian diet, as being beneficial to 
CKD patients. As most data in this population have been obtained from small observational and 

Table 3.1 Overview of the advantages and disadvantages of plant-based diets for management of CKD patients

Criteria Advantage Disadvantage

Protein quality Meets EAR and RDA
Avoids protein overload
Can be adjusted up or down to meet 
desired needs

Dietary planning may be necessary in patients with 
unusually high protein requirements

Protein quality More than adequate in a balanced diet Cannot depend on 1 or 2 staple foods
Blood pressure Improved None
Phosphate Improved None
Metabolic 
acidosis

Improved None

Uremic toxins Likely improved None
Potassium Plant foods increase bowel movements 

and potassium excretion
Plant foods contain potassium

Microbiome Improved gut barrier, reduced 
inflammation, and CKD progression

None

Diabetes Improved None
Heart disease Improved None

Source: Joshi et al. [36]; published online ahead of print
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translational studies, future trials are needed to establish their efficacy in improving outcomes in 
patients with CKD.

 Diet Quality

Nutrient deficiency is a primary concern for many people when considering plant-based nutrition. 
However, the Academy of Nutrition and Dietetics states that “vegetarian diets, including total vegetar-
ian or vegan diets, are healthful, nutritionally adequate, and may provide health benefits in the preven-
tion and treatment of certain diseases [14].”

 Protein

One of the greatest concerns about consuming a predominantly plant-based diet is whether it can 
provide enough protein. Generally, patients on a plant-based diet are not at risk for protein deficiency 
as all essential nutrients are available in plants, though in varying amounts [77]. Importantly, these 
essential amino acids can be obtained by consuming various combinations of plant-based foods. Thus, 
a well-balanced, plant-based diet will provide adequate amounts of essential amino acids and prevent 
protein deficiency [77].

 Vitamin B12

Vitamin B12 is needed for blood formation and cell division, and its deficiency can lead to macrocytic 
anemia and irreversible nerve damage. This nutrient is not produced by plants nor animals but rather 
by bacteria [17]. Consumers of plant-based diets are strongly advised to supplement with vitamin B12 
but with limited doses in male ex-smokers due to the association with increased lung cancer risk [11].

 Iron

Although iron is abundant in plant-based diets, heme iron absorption from animal foods may be 
higher than non-heme iron absorption from plant foods. Nonetheless, hemoglobin concentrations and 
the risk of iron deficiency are similar for vegans compared with omnivores and other vegetarians  
[14, 69]. Additionally, consumers of plant-based diets often consume large amounts of food rich in 
vitamin C, improving the absorption on non-heme iron.

 Zinc

Zinc is an important mineral for normal growth and development, cellular integrity, and maintaining 
a healthy immune system [31]. Vegetarians are often considered to be at risk for zinc deficiency due 
to impaired absorption when bound to certain plant components, such as phytates. However, a sensi-
tive marker to measure zinc status in humans has not been well established, and the effects of marginal 
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zinc intakes are poorly understood [31]. Although vegans have lower zinc intake than omnivores, they 
do not differ from the non-vegetarians in functional immunocompetence [28]. It appears that there 
may be facilitators of zinc absorption and compensatory mechanisms to help vegetarians adapt to a 
lower intake of zinc [28].

 Calcium and Vitamin D

Calcium intake can be adequate in a well-balanced, carefully planned plant-based diet. Studies have 
shown that fracture risk is similar for vegetarians and non-vegetarians. Bone health has traditionally 
been associated with calcium intake; however mounting data suggest that neither calcium nor dairy 
reduce the risk of fractures. Rather, the key to bone health is adequate vitamin D intake [22, 42, 58]. 
The EPIC-Oxford study revealed that vegans had the lowest mean intake of vitamin D (0.88 μg/d), a 
value one-fourth the mean intake of omnivores [15]. Vitamin D2, the form typically consumed by 
vegans, is less bioavailable than the animal-derived vitamin D3 [64]. However, vitamin D deficiency 
is common in the general population. Plant-based products, such as soy milk and cereal grains, may 
be fortified to provide an adequate source of vitamin D.

 Fatty Acids

There are two identified essential fatty acids – linoleic acid (LA) and alpha-linolenic acid (an omega-3 
fatty acid). Three other fatty acids are only conditionally essential (may become inadequate during 
severe stress, including severe sepsis, burns, and catabolic distress) and include palmitoleic acid (a 
monounsaturated fatty acid), lauric acid (a saturated fatty acid), and gamma-linolenic acid (an 
omega-6 fatty acid). Essential fatty acids play a role in stimulating growth and reproduction, wound 
healing, neural development, and the health and growth of the hair and skin [16]. Consequently, clini-
cal signs associated with deficiencies in these essential fatty acids include a dry, scaly rash, hair loss, 
soft or brittle nails, restricted growth and development in children, increased susceptibility to infec-
tion, and poor wound healing [16]. Predominantly plant-based diets generally lack the long-chain 
omega-3 fats, eicosapentaenoic acid (EPA), and docosahexaenoic acid (DHA) but can be formed by 
conversion of the plant-based n-3 fatty acid α-linolenic acid, though with low efficiency [61, 68]. 
Compared with omnivores, vegetarians, and especially vegans, tend to have lower blood concentra-
tions of EPA and DHA [57]. However, DHA can be obtained from microalgae supplements contain-
ing DHA and from foods fortified with DHA. EPA can be obtained from the retro-conversion of DHA 
in the body. Additionally, oil from brown algae, or kelp, is also a good source of EPA [57].

 Implementation in Clinical Practice

Multiple professional health organizations have endorsed plant-predominant dietary patterns in recent 
guidelines, including the 2018 American Association of Clinical Endocrinologists, the 2015 USDA Dietary 
Guidelines, and the 2018 American Diabetes Association guidelines. The dietary guidelines of Brazil, 
Germany, Sweden, Qatar, and the Netherlands and the Nordic Nutrition Recommendations also recom-
mend a more plant-based diet for both health and environmental sustainability. In addition, the American 
Institute for Cancer Research also suggests plant-based nutrition as a cancer prevention strategy. Lastly, the 
proposed 2018 Canada’s Food Guide also states that a shift toward plant-based nutrition is needed.
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In addition to health benefits, plant-based dietary patterns have been shown to significantly 
improve quality of life and overall well-being [38]. Nevertheless, shifting dietary patterns can be 
challenging. Focusing on attainable and measurable short-term benefits is crucial to guide dietary 
choices toward plant-based habits in the long term [39]. For instance, individuals may experience 
weight loss twice as fast on an unrestricted vegan diet, compared with a conventional calorie-
restricted diet [6, 39]. Experiencing these short-term gains may help people adhere to their new 
dietary patterns in the long term.

While nutritional counseling, a medically necessary preventive service for individuals with CVD 
risk factors, the time constraints of office visits often limit physicians from providing effective dietary 
counseling. Registered dieticians (RDs) are members of the healthcare team who can bridge this gap 
and help improve patient outcomes [2]. Working in a coordinated, multidisciplinary team effort with 
physicians, RDs obtain detailed assessments of overall nutritional status and physical activity to tailor 
individualized diet, counseling, and/or specialized nutrition therapies. RDs spend significant time 
discussing the patient’s diet and lifestyle – including how food is prepared, how the family eats, and 
fast-food habits – and work with the patient to develop sustainable healthy meal plans, which most 
physicians are usually not able to cover in a standard appointment. However, medical nutrition ther-
apy has been problematic in that a whole-food, plant-based diet, which is the optimal nutrition pattern 
for reduction of CV risk factors and disease, was rejected by RDs until relatively recently [14]. 
Commonly expressed concerns about protein quantity and quality have been shown to be unfounded 
and were not biochemically logical in that the largest land mammals (e.g., horses, elephants, cows) 
are vegetarian species and are not protein deficient. But widespread recognition and adoption of the 
American Dietetic Association position have been limited, and the resulting conflicting dietary rec-
ommendations given to patients become a barrier to progress.

Furthermore, though medical nutrition therapy has been integrated into the treatment guidelines 
for a number of chronic diseases, adequate reimbursement for dietitian services is still a challenge for 
many practices. Currently, Medicare Part B only covers medical nutrition therapy services for 
Medicare beneficiaries who meet at least one of the following conditions: diabetes, kidney disease, or 
kidney transplant in the last 36 months.

In summary, there is substantial evidence from multiple observational studies and clinical trials 
supporting the beneficial effects of plant-based dietary patterns for CVD and overall health. Thus, 
plant-based nutrition should be recommended as an essential part of the overall CVD prevention and 
management care plan.
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Key Points
• AGEs are endogenous and exogenous biomarkers of microinflammation and oxidative stress.
• Exogenous AGEs are concentrated in animal proteins and fats, and food preparation has a 

dramatic effect increasing its levels.
• Cooking techniques to limit AGEs can be easily implemented.
• Most clinical trials of dietary AGE restriction have focused on biomarkers, but hard out-

comes are lacking in the current literature.

 Introduction

Compared to the third world, modern western living is associated with better overall survival but a 
significant increase in noninfectious chronic diseases such as type 2 diabetes and cardiovascular dis-
ease. Diet is an important factor in modern lifestyle and likely plays a significant role in these changes. 
Advanced glycation end products (AGEs) are a heterogeneous group of biological compounds with 
significant prooxidant and pro-inflammatory effects shown in vitro and in vivo in many animal models. 
AGEs, abundantly present in the usual western diet, have been shown to have same biological effects 
as their endogenous counterparts. Experimentally, a high dietary AGE in mice induces atherosclerosis, 
kidney disease, and diabetes, while a low AGE diet prevents and/or reverses these conditions. This 
experimental background has allowed the performance of several clinical trials to demonstrate the 
effect of a low AGE diet in humans, which will be the main emphasis in this chapter.

 What Are AGEs

AGEs are a large and heterogenous group of highly reactive compounds that can form by several dif-
ferent pathways. Traditionally, AGEs have been considered to form through the spontaneous, nonen-
zymatic reaction of reducing sugars with free amino groups in amino acids. A series of intermediary 
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reactions leads ultimately to the formation of irreversible compounds called AGEs. This is the classic 
Maillard reaction also known as browning reaction. AGEs can also form through many other reac-
tions, including oxidation of sugars, lipids, and amino acids that create reactive aldehydes [1].

AGEs that form endogenously in these reactions can also form in any system in nature if the 
needed reagents are present. For example, AGEs form spontaneously in food, but cooking the food 
with direct heat markedly increases their formation [2]. A fraction of the AGEs contained in the 
ingested food gets absorbed and incorporates into the body AGE pool, where they are indistinguish-
able from their endogenous counterparts [3].

Numerous AGE compounds have been identified with pentosidine, carboxymethyllysine (CML), 
and methylglyoxal-derivatives such as MG-H1 among the better-characterized ones and often used as 
AGE biomarkers. There are many methods to measure AGEs. The simplest method is detection of 
their fluorescence capacity, but unfortunately it is nonspecific. More specific methods include immu-
noassays, HPLC, and mass spectrometry, each with advantages and disadvantages. Chemically and 
immunologically distinct AGEs can coexist on the same carrier proteins.

The biological effects of AGEs occur through two general mechanisms. AGEs can crosslink pro-
teins directly modifying their structure and therefore their function [1]. As examples, glycation of 
collagen fibers in the skin and vessel wall changes the characteristics of these proteins leading to 
wrinkling under the skin and stiffness of arterial walls; direct glycation of the active site of a protein 
like albumin might modify albumin binding to certain drugs or, in the case of other proteins, modify 
their ability to bind to receptors.

Another important action of AGEs is their ability to activate several intracellular pathways leading 
to increased oxidative stress (OS) and inflammatory cytokines through receptors and non-receptor 
mechanisms. AGEs interact with different cell receptors. The interaction with receptors such as 
RAGE, EGFR, and TLR4 leads to stimulation of intracellular pathways that include NF-κB increasing 
formation of reactive oxygen species (ROS) and pro-inflammatory cytokines such as TNFα [4]. On 
the other hand, stimulation of receptors such as AGE receptor 1 (AGER1) increases AGE breakdown, 
activates sirtuin 1 (SIRT1), and decreases cellular pro-inflammatory activity [5]. AGER1 has been 
found to be directly associated with levels of circulating AGEs in healthy subjects, but its levels are 
very suppressed in subjects who are exposed to a chronic high OS state such as chronic kidney disease 
(CKD) and diabetes mellitus patients [6].

Steady-state levels of circulating AGEs at any particular point in time represent the balance 
between endogenous and exogenous sources and elimination via tissue degradation and kidneys. 
There are several potential mechanisms of AGE elimination. MGO, an AGE precursor, for exam-
ple, is effectively catabolized by the enzymes glyoxalase I and glyoxalase II. Circulating proteins 
such as lysozyme bind AGEs increasing macrophage endocytosis and degradation of AGEs into 
smaller peptides facilitating their renal excretion. AGE peptides are filtered by the glomerulus 
and reabsorbed to a variable degree by proximal tubular cells [7]. A potential role for colonic 
degradation of AGEs has been postulated [8], but the relative contribution to balance of AGEs 
remains unproven.

 What Are Dietary AGEs

As previously noted, AGEs form spontaneously in foods, during storage at room temperature, but 
their rate of formation markedly accelerates as temperature increases during direct heat cooking, par-
ticularly during browning of foods. Other factors that affect AGE generation in food include nutrient 
composition, water content, pH, presence of trace metals, and duration of cooking [2, 9]. Food scien-
tists have learned to manipulate cooking techniques to generate AGEs and get the exact color, aroma, 
and taste of food they desire.
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Databases of food CML content, a commonly measured AGE, have become available [2, 9, 10]. 
Using these databases investigators have been able to estimate daily dietary AGE intake based on food 
records as well as to design diets with variable AGE content. These databases show that foods rich in 
both animal protein and fat and cooked at high and dry heat, such as in broiling, grilling, frying, and 
roasting, tend to be the richest dietary sources of AGEs, whereas low-fat carbohydrate-rich foods tend 
to be relatively low in AGEs. This may reflect the fact that the AGEs in the diet are generated not just 
by the Maillard reaction but also by interactions between oxidized lipids and protein; such reactions 
are known to give rise to AGEs such as CML. Since these fat-rich foods are the ones commonly con-
sumed in the Western diet, this population is ingesting a high AGE diet.

Knowledge of the effect of cooking temperature, duration of cooking, use of water, and pH of the solu-
tion in the generation of food AGEs is of great importance to develop culinary techniques, which allow 
reduction of food AGE content without necessarily changing the taste and quantity of foods consumed. The 
essential concept is that it is not only the actual nutrient composition of the food but also the way in which 
the food is cooked that determines its AGE content. Table 4.1 illustrates this concept by showing that AGE 
content of the same piece of chicken, expressed in arbitrary AGE kilounits/serving, changes from 1011 AGE 
kilounits when boiled to 6651 kilounits after broiled. Stewing or steaming of meat, which maintains food 
moisture during cooking, will generate much less AGE than broiling or frying. Marinating with lemon juice 
or vinegar will also have an AGE-reducing effect by maintaining the moisture and lowering the pH of food.

 What Is the Low AGE Diet

As explained above, dietary AGE intake can be easily decreased by simply changing the cooking 
method from a high dry direct heat application to a low heat and high humidity, independent of its 
nutrient composition. Dry heat cooking methods, such as broiling, searing, and frying, significantly 
increase the AGE content of foods, compared to methods that use lower temperatures and higher 
moisture such as stewing, steaming, and boiling. Since the emphasis of the low AGE diet is on the 
cooking method, not the food being cooked, it can be broadly applied. The same principle will apply 
whether the patient is healthy, has diabetes, or has any other medical condition.

Studies have demonstrated that consumers can be educated about the use of low AGE-generating 
cooking methods such as poaching, steaming, stewing, and boiling. The generous application of 
herbs, condiments, and spices, some of which may have intrinsic antiglycation activity, could also 
make any food, however it is cooked, tastier. Although the highest AGE values are found in meats and 
meat-substitute food groups, pre-treatment of meats with lemon, vinegar, or with any acidic marinade 
prior to cooking may reduce the AGE content.

Whenever instructing patients on a low AGE diet, a multipronged strategy delineated in Table 4.2 
is suggested. Only point 1, the AGE-restricted diet, however, has been tested clinically, and the table 
suggestions assume the simultaneous application of points 2–5 will have beneficial and synergistic 
effects. Avoidance of cigarette smoking, rich in AGEs, should also be a prominent part of an anti-AGE 
strategy [11].

Table 4.1 AGE content of foods depending on cooking technique

Low AGE content items High AGE content items
Food item AGE content Food item AGE content

Beef (stewed) 2199 Beef (broiled) 6731
Chicken (boiled) 1011 Chicken (fried) 6651
Salmon (poached) 1621 Salmon (broiled) 3012
Lamb leg (boiled) 1096 Lamb leg (broiled) 2188

Adapted from Uribarri et al. [9]
AGE content expressed in kilounits/serving

4 The Low AGE Diet
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Unfortunately, outside of the clinical trials arena, education of patients requires effort and time that 
many busy clinicians do not have. Moreover, a person who is used to cooking in a certain way needs 
a lot of support and encouragement to change habits. Another potential hurdle is that the patient is 
often only one of several members of a family, making it necessary to try to convince the enitre group 
and especially the person who cooks of the benefits of this diet.

 Clinical Trials with a Low AGE Diet

There are many published clinical intervention trials of the low AGE diet (Table 4.3).

 Low AGE Intervention in Healthy Subjects

A group of healthy subjects, equally divided among young and older ages, were randomly assigned to 
either their own usual high AGE diet or a low AGE diet for 4 months [12]. The design included bal-
ancing the control and AGE-restricted diets in caloric, nutrient, and micronutrient contents. Participants 

Table 4.2 The low AGE diet

1. Decrease intake of foods rich in AGEs (by changing culinary methods based on existing databases) 
2.  Increase use of foods that have been shown to be associated with decreasing body AGEs, for example, brown rice 

and mushrooms
3. High intake of foods rich in antioxidants
4.  Generous use of herbs, spices, and condiments that improve taste of food and also have antiglycation effect (curcumin, 

cinnamon, parsley, thyme, clove, and extracts from a variety of other culinary herbs and spices) (See also Chap. 6)

Table 4.3 Clinical trials with a Low AGE diet

Study (author/year) Study population Study design Study outcomes

Vlassara  
et al. (2002)  [19]

Diabetics (US) Crossover Decreased circulating AGEs and 
markers of OS/Infl

Uribarri  
et al. (2003)  [22]

Nondiabetic ESRD (US) Two parallel groups  
(high and low AGE diets)

Decreased circulating AGEs and 
markers of Infl

Vlassara  
et al. (2009)  [12]

Healthy and nondiabetic 
CKD (US)

Two parallel groups  
(high and low AGE diets)

Decreased circulating AGEs and 
markers of OS/Infl

Uribarri  
et al. (2011) [6]

Type 2 diabetics (US) Two parallel groups  
(high and low AGE diets)

Decreased circulating AGEs and 
markers of OS/Infl and decreased 
HOMA

Birlouez-Aragon 
et al. (2010)  [14]

Healthy (France) Two parallel groups  
(high and low AGE diets)

Decreased circulating AGEs and 
HOMA

Luevano-Contreras 
et al. (2013) [16]

Type 2 diabetics 
(Mexico)

Two parallel groups  
(high and low AGE diets)

Decreased circulating markers of 
OS/Infl

Mark et al.  
(2014)  [17]

Overweight women 
(Denmark)

Two parallel groups  
(high and low AGE diets)

Decreased urinary AGEs and 
HOMA

Semba et al.  
(2014)  [13]

Healthy (US) Two parallel groups  
(high and low AGE diets)

Decreased circulating AGEs but 
no changes in markers OS/Infl

De Courten  
et al. (2016) [18]

Overweight healthy men 
and women (Denmark)

Two parallel groups  
(high and low AGE diets)

Decreased circulating AGEs and 
insulin resistance

Vlassara  
et al. (2016)  [15]

Men and women with 
metabolic syndrome 
(US)

Two parallel groups (high 
and low AGE diets) × 1 year

Decreased circulating AGEs and 
markers of OS/Infl and decreased 
HOMA
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received detailed instructions on how to prepare food at home by a study dietitian who was in frequent 
telephone contact with them. Subjects were required to have a baseline high-normal dietary AGE 
intake as an entry criterion. After 4 months, significant reductions in serum AGE (both CML and 
MGO) levels were noted, with parallel reductions in plasma levels of 8-isoprostanes (OS biomarker), 
VCAM-1 (endothelial function biomarker), and peripheral mononuclear cell-derived TNFα (inflam-
mation biomarker), below baseline values. There was no age difference in the response to the dietary 
intervention.

Another randomized, parallel-arm, controlled dietary intervention was conducted with 24 healthy 
adults, aged 50–69 years for 6 weeks. At the end of the study, the low AGE group had lower levels of 
serum and urinary CML, but no impact in any of the inflammatory markers measured [13].

In another randomized crossover study, the authors compared the effect of two diets, one based on 
mild steam cooking (low AGE) and the other one on high-temperature cooking (high AGE), each one 
followed for 1 month in 62 healthy volunteers in France. The low AGE diet significantly decreased 
circulating CML levels and improved insulin sensitivity as assessed by the HOMA index [14].

 Low AGE Intervention in Obese Patients with the Metabolic Syndrome

A randomized 1-year trial was conducted in obese individuals with the metabolic syndrome divided 
in two parallel groups: low AGE diet vs a regular diet, high in AGEs. The low AGE diet significantly 
lowered serum AGEs, markers of OS, and inflammation and enhanced the protective factors sirtuin 1 
(SIRT1), AGE receptor 1 (AGER1), and glyoxalase I as well as markedly decreased insulin resistance 
with just a modest decrease in body weight [15]. Three other trials have also explored the effects of a 
low AGE diet in overweight subjects and with similar results [16–18].

 Low AGE Intervention in Diabetic Patients

The first randomized study on the effect of an AGE-restricted diet in diabetic patients was a crossover 
study between low and regular AGE diets for a period of 6 weeks. Meals were prepared in the clinical 
research unit kitchen, and patients picked them up twice a week during the duration of the study. 
Patients in the low AGE diet demonstrated decreased levels of circulating AGEs (both CML and 
MGO), VCAM-1, CRP, and TNFα [19]. Notably, circulating AGE levels decreased as much as 40%, 
despite same degree of diabetic control. High serum AGE levels in diabetic patients had previously 
been thought to result exclusively from endogenous overproduction due to hyperglycemia, and there-
fore this significant fall of their levels on the low AGE diet, while maintaining overall same glycemic 
control, was unexpected.

In another study, diabetic patients were randomized to follow either their regular AGE diet or a low 
AGE diet for 4 months [6]. A study dietitian followed the patients closely and instructed them how to 
prepare their own meals at home. At the end of the study, patients in the low AGE diet showed not only 
decreased circulating levels of AGEs, 8-isoprostane, RAGE, and TNFα but also decreased HOMA 
and increased AGER1 and SIRT1 [6].

The reduction of HOMA observed in diabetic patients and subjects with the metabolic syndrome 
implies improvement of insulin sensitivity in response to the low AGE diet. Hyperglycemia in diabetes 
can increase endogenous production of AGEs, but this study suggests that AGEs in turn have an impor-
tant role in modifying insulin resistance and therefore diabetes itself. This concept that AGEs can 
induce diabetes in humans is supported by previous animal experiments showing that a high AGE diet 
can induce insulin resistance and in turn diabetes mellitus, while a low AGE diet is protective [20, 21]. 
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This relationship between AGEs and insulin resistance needs to be further confirmed in additional clini-
cal trials but is a potential opportunity for a safe, inexpensive, and effective dietary modulation to either 
prevent or improve diabetes control.

A group in Mexico has also shown that diabetic patients on a low AGE diet intervention showed 
lower circulating markers of inflammation and OS compared to those on a high AGE diet [16].

 Low AGE Intervention in Chronic Kidney Disease (CKD) Patients

The impact of the intervention on subjects with impaired kidney function was tested in a small 
group of patients with established CKD not yet on dialysis exposed to an AGE-restricted diet for 
4 months. The effects of the low AGE diet in these CKD patients mimicked those in healthy par-
ticipants and in diabetic patients, namely, reduction in serum AGEs and in markers of inflamma-
tion and OS  [12].

 Low AGE Intervention in End-Stage Renal Disease (ESRD) Patients 
on Peritoneal Dialysis

An AGE-restricted diet has also been tested for 4 weeks in a group of nondiabetic ESRD patients on 
maintenance peritoneal dialysis. The results showed significant reduction of serum AGEs and hsCRP, 
a marker of inflammation [22].

 Diabetic CKD Subjects on a Regular AGE Diet but Exposed to an Oral 
Medication that Binds AGEs in the GI Tract

Recently, 20 diabetic CKD patients were studied in a crossover design with one period of sevelamer 
carbonate (1600 mg with meals) and another one of calcium carbonate (1200 mg with meals) for 
8 weeks each. Sevelamer therapy, in contrast to calcium carbonate, reproduced all the previous find-
ings observed on the low dietary AGE intervention, namely, reduced circulating levels of AGEs, 
8- isoprostane, and TNFα and increased AGER1 and SIRT1. Sevelamer, not calcium carbonate, was 
shown to bind AGEs quite effectively in vitro, and the presumption is that sevelamer trapped AGEs in 
the intestinal lumen of these patients [23]. A second study using sevelamer in a larger number of CKD 
patients confirmed previous results [24].

 How Does the Low AGE Diet Differ from Other Popular Diets?

The essence of the low AGE diet is its simplicity: preferential use of some culinary techniques such 
as poaching, steaming, stewing, and boiling that generate less AGEs. No specific advice is given in 
terms of macronutrient intake; the only advice is in the way to cook. This is not a low-protein, or low- 
fat, or low-carbohydrate diet. Since cooking meats with less dry heat generates less aromas (such as 
the home cooking smell of barbecues) that people may be used to, experts advise generous use of 
spices and condiments to enhance flavor.
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 Plant-Derived Diet

The low AGE diet is not necessarily a plant-based nutrition, although vegetables/fruits are strongly 
advised because they are low in AGE and their high antioxidant effects could potentially antagonize 
the prooxidant effects of AGEs. The low AGE diet is much more flexible than a plant-based diet and 
therefore can be more broadly applied in practice.

 DASH Diet

The low AGE diet is different from the DASH diet, although it also favors relatively low sodium and 
high potassium intake.

 Raw Diet

Although the low AGE diet applies low heat and includes the use of fresh vegetables and fruits, it is 
quite different than the raw diet. Clearly, a raw diet is a very low AGE diet, but experts believe there 
are too many health risks related to its wide application.

 Mediterranean Diet

The low AGE diet has many similarities with the Mediterranean diet, but they are not synonymous. In 
the low AGE diet, in contrast to the Mediterranean diet, every kind of food can be used provided it is 
cooked a certain way.

 Paleo Diet

Paleo diet. The low AGE diet is different from the paleo diet that restricts intake of important foods 
such as grains, dairy, and legumes and plays excessive emphasis on meats.

 Summary

The results from the clinical trials discussed above suggest a new paradigm for the pathogenesis of 
chronic diseases: chronic exposure to these exogenous prooxidant AGEs may help to gradually erode 
native defenses, setting the stage for abnormally high OS and inflammation, precursors of chronic 
diseases. Real-life dietary patterns are complex and include the simultaneous presence of many fac-
tors other than AGEs. Some of these dietary factors are pro-inflammatory such as fats and AGEs, 
while others are clearly anti-inflammatory such as polyphenols and a variety of antioxidants. The final 
biological effect of dietary patterns most likely reflects the combined influence of all these factors, 
each one of them acting in different directions and with different intensity. The combination of types 
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of foods and their respective amounts over the day are overall more important rather than any specific 
food item AGE content. Detailed information on how to initiate and maintain a low AGE diet has been 
published. The restriction of dietary AGEs is a safe and feasible dietary intervention that effectively 
reverses increased inflammation and OS, both in health and in the chronic disease state. A final proof 
of a therapeutic role for the low AGE diet will require large, prospective, and randomized clinical tri-
als, which indeed may never take place. In the meantime, however, a careful analysis of the currently 
available data makes it reasonable and prudent to advise limitation of dietary AGEs. This is particu-
larly important since consumption of lower AGE foods and preparation methods can easily be inte-
grated into meal patterns that are consistent with current recommendations designed to promote 
public health and prevent cardiovascular disease, cancer, diabetes, and obesity.
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Chapter 5
Healthy Drinks

Joseph A. Vassalotti
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Key Points
• Beverages comprise approximately 20% of daily calories.
• Drinking plain water, tap or bottled, rather than high-caloric beverages, reduces dietary calo-

rie consumption and may contribute to maintaining a healthy body weight.
• Sugar-sweetened beverages are associated with obesity, type-2 diabetes mellitus, cardiovas-

cular disease, and chronic kidney disease.
• Sugar-sweetened beverages should be limited or avoided.
• Artificially sweetened beverages are probably safer than sugar-sweetened beverages, but the 

data are conflicting.

J. A. Vassalotti (*) 
Division of Nephrology, Department of Medicine, Icahn School of Medicine at Mount Sinai, New York, NY, USA 

The National Kidney Foundation, Inc., New York, NY, USA
e-mail: joseph.vassalotti@mssm.edu

 Introduction

The public consciousness of healthy eating conjures images of a balanced meal, including fruits, veg-
etables, whole grains, and lean protein sources, without considering drinks. Thus, drinks have been 
called hidden or empty calories for their potential to contribute a high-caloric content without signifi-
cant nutritional value in an imperceptible fashion for the consumer. Beverage consumption comprises 
almost 20% of calorie intake. Importantly, the intake of all foods and beverages must be accounted for 
when striving for healthy eating patterns. The purpose of this chapter is to review the current literature 
to guide simple, practical healthy-drinking interventions for the busy clinician. The consumption of 
plain water as a widely available, inexpensive, non-caloric healthy drink is the main message that 
should be implemented by clinicians for their patients [17].
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 Water as the Primary Drink

Drinking water is an effective way to promote adequate hydration without calories [11]. Drinking 
plain water, tap or bottled, rather than high-caloric beverages, reduces dietary calorie consumption 
and may contribute to maintaining a healthy body weight. Observational studies from national sur-
veys reveal that plain water consumption is inversely proportional to calorie or energy intake. Two 
24-hour dietary survey assessments of over 18 thousand adults in the US National Health and Nutrition 
Examination Survey (NHANES) 2005–2012 revealed every one percent increase in the proportion of 
daily plain water in total dietary water daily consumption was associated with a reduction in mean 
daily total calorie intake 8.58 (95% confidence interval [CI], 7.87–9.29) kcal, with a significant cor-
responding reduction in intakes from multiple other sources, including sugar-sweetened beverages 
(SSB) 1.43 (CI, 1.27–1.59) kcal, total fat intake 0.21 (CI, 0.17–0.25) g, saturated fat intake 0.07 (CI, 
0.06–0.09) g, sugar intake 0.74 (CI, 0.67–0.82) g, sodium intake 9.80 (CI, 8.20–11.39) mg, and cho-
lesterol intake 0.88 (CI, 0.64–1.13) g [1]. The effects of plain water intake on diet in this study were 
similar across race/ethnicity, education attainment, income level, and body mass index (BMI) [1].

Tap water is an inexpensive, widely available healthy drink with no calories and low in sodium. 
Although water consumption in the USA is predominantly from tap water, a significant percentage 
comes from bottled water. Many factors influence the decision to drink tap versus bottled water, 
including access, cost, convenience, taste, marketing, and perceptions of safety [25]. Several regional 
and national US surveys show that urban and particularly Hispanic and Black adults are more likely 
to consider bottled water as safer, and this perception has a negative effect on primarily consuming tap 
water [11, 25, 29]. Water filters are a practical intervention to address concerns about the safety of tap 
water [25]. Unfortunately, in parts of the world where safe drinking water is unavailable, bottled water 
may be a more convenient option than treating water with boiling and filtering or other measures.

Although adequate water intake can help avoid dehydration, acute electrolyte disorders, and hemo-
dynamically mediated acute kidney injury, the precise optimal quantity of plain water intake is diffi-
cult to quantify, and thus recommendations should be generally be individualized.

The major health benefit of water is the replacement of other potentially deleterious high-calorie 
drinks. Moreover, plain water intake before or with meals may contribute to satiety, and in turn reduce 
calorie intake.

 Aqua Therapy: High Volume Plain Water Intake Benefits and Risks

Patients with kidney stones as well as a subset of patients with CKD may benefit from increasing 
water intake above thirst [12, 30]. Poor quality evidence suggests increasing fluid intake to reduce 
arginine vasopressin (AVP) secretion may slow kidney cyst growth in CKD caused by autosomal 
dominant polycystic kidney disease (ADPKD). The PREVENT-ADPKD trial is an RCT of 1:1 alloca-
tion of increasing fluid intake to target urinary osmolarity <270  mOsmol/L versus usual care in 
patients with CKD stage G1-3 [30]. The primary endpoint of this ongoing trial will be total kidney 
volume.

The CKD WIT (Chronic Kidney Disease Water Intake Trial) enrolled CKD stage G3 or eGFR 
30–60 mL/min/1.73 m2 at 9 centers in Ontario, Canada, from 2013 to 2017 to increase water intake 
with coaching (n = 316) versus control (n = 315) [5]. Exclusion criteria were a 24-hour urine vol-
ume of 3 L or more, a history of kidney stones in the past 5 years, currently taking lithium or a high 
dose diuretic. The primary etiologies for CKD were similar in the hydration and control groups, 
respectively, with DM (38.0% and 33.3%), hypertension (40.2% and 27.8%), glomerulonephritis 
(4.7% and 8.3%), and ADPKD (2.9% and 2.8%). There was no difference in the primary outcome, 
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change in kidney function (eGFR from baseline to 12 months), −2.2 mL/min/1.73 m2 in the hydra-
tion group vs. −1.9  mL/min/1.73  m2 in the control group (adjusted between-group difference, 
−0.3 mL/min/1.73 m2 [CI, −1.8 to 1.2; p = 0.74]) [5]. The intervention implementation was suc-
cessful as assessed by 1-year follow-up mean increase in 24-hour urine volume 0.6 L per day higher 
in the hydration group (95% CI, 0.5–0.7; p < 0.001). The authors concluded that for adults with 
CKD, coaching to increase water intake compared with control intake did not significantly slow the 
decline in kidney function after 1 year.

Individualizing fluid intake is important to emphasize. There is little data to support a uniform 
intake threshold to avoid volume depletion. Use of urinary osmolarity or specific gravity could guide 
decision-making in selected cases. One small study suggests a first morning voided urine-specific 
gravity of 1.013 or less may be desirable in healthy persons [22]. An easy rule of thumb to judge 
adequate hydration is the color of the urine; darker urine suggests concentration in response to reduced 
volume.

 Avoid High Calorie Drinks

Between 1950 and 2000, the average US per capita annual consumption of SSB increased almost 
fivefold from 10.8 to 49.3 gallons, but consumption has declined in more recent years [3]. Sugary 
drinks are a major source of calories and the primary source of added sugar in the US diet, com-
prising 25% of total added sugar; see Fig. 5.1 [28]. These drinks generally contain sugar, high-
fructose corn syrup, or fructose as single ingredients or in combination. These beverages are 
associated with obesity, type-2 diabetes mellitus (T2DM), cardiovascular disease (CVD), and 
chronic kidney disease (CKD) [3, 19, 20]. Putative mechanisms for SSB induction of chronic 
diseases include both increased caloric intake and inappropriate suppression of satiety [1, 3]. 
Fructose may play a role in visceral fat accumulation and in turn the development of non-alcoholic 
fatty liver disease by altering hepatic gene expression patterns, inhibiting satiety factors in the 
brain, and inducing leptin resistance [8].

Visceral versus peripheral fat has been associated with microinflammation, CVD, and CKD. A 
Framingham third generation cohort study of over one thousand adults showed significantly 
increased visceral adipose tissue in SSB drinkers compared to nondrinkers and diet soda consum-
ers as assessed by CT scans approximately 6  years apart [19]. Visceral adipose tissue volume 
increased from 658 cm3 (CI, 602–713) to 852 cm3 (CI, 760–943) for non-consumers vs. daily SSB 
consumers [19]. A European Prospective Investigation into Cancer and Nutrition (EPIC)-Norfolk 
study of beverage consumption in over 25 thousand UK adults without DM (1993–1997) used 
7-day food diaries to evaluate associations with respect to the 847 (3.3%) who developed incident 
T2DM over 10.8  years of mean follow-up [20]. The adjusted Cox regression analyses showed 
significant associations for SSB use and T2DM with hazard ratios for soft drinks at 1.21 (CI, 
1.05–1.39) and for sweetened-milk beverages at 1.22 (CI, 1.05–1.43) [20]. There was a dose-
response relationship with total SSB that was not attenuated after adjustment for baseline BMI. The 
authors estimated that substituting water for SSB would be associated with a 25% reduction in 
T2DM risk. If sweet beverage consumers reduced intake to below 2% energy, 15% of incident 
T2DM might be prevented [20]. A meta-analysis and survey analysis of 17 cohorts with over 38 
thousand patients with over 10 million patient years showed higher consumption of SSB was asso-
ciated with a greater incidence of T2DM by 18% (CI, 9–28%) per serving per day that was attenu-
ated to 13% (CI, 6–21%) after adjustment for adiposity [16]. These findings support the 
implementation of clinician-level and population-based interventions to reduce SSB consumption 
and increase the consumption of suitable alternatives, particularly plain water.
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 Diet Drinks: Healthful or Harmful?

As the health hazards of SSB because widely known, health policies and public health programs to 
limit sugary drinks indirectly culminated in a surge in low-calorie beverage (LCB) use in the USA, 
containing any of the six FDA-approved artificial sweeteners. Artificially sweetened diet drinks and 
LCB are used interchangeably. Per capita consumption of diet beverages is higher in North America 
than any other region of the world [23] with LCB comprising 32% of drinks consumed by adults 
and 19% of beverages consumed by children from 2007 to 2010 [17]. Potential risks of LCB include 
increased waist circumference, metabolic syndrome, and T2DM. Whether LCB are detrimental to 
health remains controversial as observational studies are limited by residual confounding and 
reverse causality. The latter limitation reflects intake of diet drinks may be an epiphenomenon of 
these chronic conditions rather than cause them, because people with and at risk for T2DM may be 
more likely to consume LCB than others. Lastly, an American Heart Association science advisory 
concluded that there is dearth of evidence on the potential adverse effects of LCB relative to poten-
tial benefits [17].
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31%

Grains
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Dairy
4%

Mixed
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6%

Condiments, gravies,
spreads, salad dressings
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Fig. 5.1 Food category sources of added sugars in the US population ages 2 years and older. (Data source: What We 
Eat in America (WWEIA) Food Category analyses for the 2015 Dietary Guidelines Advisory Committee. Estimates 
based on day one dietary recalls from WWEIA, NHANES 2009–2010 [28])
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A Woman’s Health Initiative observational study of postmenopausal women showed self-reported 
T2DM developed among 4675 (7.2%) of 64,850 participants over a mean follow-up of 8.4 years with 
hazard ratios of 1.43 (CI 1.17–1.75) for SSB and 1.21 (CI 1.08–1.36) for LCB [15]. The authors 
inferred that the 21% increased risk of T2DM could be potentially be eliminated by substituting water 
for diet beverages. The previously described EPIC-Norfolk study showed an association of T2DM 
with LCB 1.22 (CI, 1.11–1.33), but not for sweetened tea/coffee 0.98 (CI, 0.94–1.02) or fruit juice 
1.01 (CI, 0.88–1.15) [20]. Further adjustment for adiposity attenuated the association for LCB, HR 
1.06 (CI, 0.93–1.20). Substituting LCB for any SSB did not reduce the T2DM incidence in analyses 
accounting for energy intake and adiposity. Substituting one serving/day of water or unsweetened tea/
coffee for soft drinks and for sweetened-milk beverages reduced the incidence by 14–25%. The results 
of two food frequency questionnaires at baseline (1987–1989) and in follow-up (1993–1995) for over 
15 thousand participants in the atherosclerosis risk in communities (ARIC) study showed a significant 
dose relationship between weekly diet soda intake and end stage kidney disease (ESKD) with corre-
sponding hazard ratios <1 serving (reference), 1–4 servings 1.08 (CI, 0.75–1.55), 5–7 servings 1.33 
(CI, 1.01–1.75), and >7 servings 1.83 (CI, 1.01–2.52) [24]. There were similar associations after 
adjustment for multiple potentially confounding variables, including physical activity and total caloric 
intake, among many others. The results were only significant for those who were overweight or obese 
at baseline [24]. In conclusion, based on the limited available data, the choice of LCB is likely a safer 
alternative to SSB in general, but plain water remains the optimal drink.

 Moderate Alcohol Use

Whether or not light-to-moderate alcohol or ethanol use is preferable to abstaining for health benefits 
remains unclear, since the observational data are conflicting and controversial. Ethanol consumption 
may alter endothelial and smooth muscle cell function as well as microvascular function in a benefi-
cial fashion. In contrast, heavy alcohol use is associated with hypertension, alcoholic cardiomyopathy, 
atrial fibrillation; fatal and nonfatal stroke; and fatal and nonfatal malignancies [6, 14]. Alcohol is not 
a component of the USDA Food Patterns, and recent guidelines advise if alcohol is consumed, it 
should be in moderation—up to one drink per day for women and up to two drinks per day for men. 
Obviously, consumption should only be by adults of legal drinking age. For those who choose to 
drink, moderate alcohol consumption can be incorporated into the calorie limits of most healthy eat-
ing patterns.

A meta-analysis of 34 prospective studies found mortality rate reductions of 17% in men and 18% 
in women with low levels of alcohol intake, with the lowest mortality rate at 6 g of alcohol (approxi-
mately one half drink) per day [9]. Most of the studies included in the analysis were performed in 
healthy cohorts, and data in patients with ischemic heart disease are limited [9]. A post-hoc analyses 
of the Baseline Double Exposure cohort study examined alcohol consumption and gender in associa-
tion with 24-hour ambulatory BP monitoring (ABPM) in 248 Canadian participants, 54.4% of whom 
were women, with a mean age 50.8 ± 6.6 years and normal or elevated and untreated BP [27]. The 
main effects model, including BMI, multiple regression analysis with systolic ABPM as the depen-
dent variable found that alcohol consumption more than 10 drinks/week was associated with a 
4.4 mmHg increase for men (p = 0.033) and an 8.4 mmHg increase for women (p = 0.007) [27].

An analysis that evaluated the relationship between light-to-moderate alcohol consumption and 
outcomes in patients with ischemic or non-ischemic LV dysfunction used the Studies Of Left 
Ventricular Dysfunction (SOLVD) data, which enrolled patients with an left ventricular (LV) ejection 
fraction ≤0.35 [6]. In the context of baseline characteristics versus subsequent event rates of partici-
pants who consumed 1–14 alcoholic drinks per week (light-to-moderate drinkers, n = 2594) were 
compared with those who reported no alcohol consumption (nondrinkers, n = 3719) [6]. Mortality 
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rates were lower among light-to-moderate drinkers than among nondrinkers (7.2 vs. 
9.4  deaths/100  person- years, p < 0.001). Among patients with ischemic LV dysfunction, light-to- 
moderate alcohol consumption was independently associated with a reduced relative risk (RR) 0.85, 
p = 0.01, particularly for death from myocardial infarction (MI) 0.55, p < 0.001. The relative risks of 
heart failure hospitalization, cardiovascular death, death from heart failure, and dysrhythmia death 
were similar for light-to-moderate drinkers and nondrinkers. Among patients with non-ischemic LV 
dysfunction, light-to-moderate alcohol consumption had no significant effect on mortality RR 0.93, 
p = 0.5. Light-to-moderate alcohol consumption was not associated with an adverse prognosis in 
patients with LV systolic dysfunction, and it may reduce the risk of fatal myocardial infarction in 
patients with ischemic LV dysfunction. A modest anticoagulant effect could be speculated in the 
causal pathway for this observation. The authors advised caution regarding recommending alcohol 
intake to nondrinkers with ischemic LV dysfunction patients on the basis of this study but recom-
mended that continued light-to-moderate alcohol intake could be continued in this context.

 Red Wine

Some researchers have suggested that the potential health benefits of alcohol may be particularly due 
to red wine, as part of the so-called “French Paradox” [9]. For example, a meta-analysis showed a 
significant inverse association between light-to-moderate wine consumption and vascular risk RR 
0.68 (95% CI, 0.59–0.77) relative to nondrinkers [9] and a similar but smaller RR 0.78 (95% CI, 0.70 
–0.86) for beer consumption [9]. Others are examining the potential benefits of components in red 
wine such as flavonoids, resveratrol, and other antioxidants in reducing heart disease risk. These stud-
ies may be confounded by healthy lifestyle factors rather than alcohol, including increased physical 
activity, and a diet high in fruits and vegetables and lower in saturated fats. No direct comparison trials 
have been done to determine the specific effect of wine or other alcohol on the risk of developing heart 
disease or stroke. The American Heart Association does not recommend drinking wine or any other 
form of alcohol to gain these potential benefits.

 Drinks as Complementary Medicine

 Hibiscus and Green Tea

Hibiscus sabdariffa is used in herbal teas that may also treat hypertension, yet the evidence from 
randomized controlled trials (RCTs) has been mixed. The most promising study selected five RCTs 
comprising 390 participants, of whom 225 were allocated to the Hibiscus sabdariffa group and 165 to 
the control group [26]. The fixed-effect meta-regression analysis indicated a significant effect of 
Hibiscus sabdariffa supplementation in lowering both SBP weighed mean difference −7.58  mmHg 
(CI, −9.69 to −5.46, p  <  0.00001) and DBP weighed mean difference −3.53  mmHg (CI, −5.16 to 
−1.89, p <  0.0001) [26]. Thus, this meta-analysis of RCTs showed a significant effect of Hibiscus 
sabdariffa in lowering both SBP and DBP. The authors recommended that additional well-designed 
trials are necessary to validate these results. A Meta-analysis of ten trials including both green and 
black tea in 834 participants with hypertension or elevated BP showed statistically significant reduc-
tions in SBP −2.36 mmHg (95% CI, −4.20 to −0.52) and DBP −1.77 mmHg (CI, −3.03 to −0.52) 
[31]. These teas may be offered as a low-risk adjunctive therapy for hypertension, but should not be 
used as a substitute for drugs.
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 Coffee

One of the world’s most widely consumed beverages is coffee, which is a major source of caffeine, 
metabolized by the polymorphic cytochrome P450 1A2 enzyme [7]. About 75% of Americans drink 
coffee with 50% as daily drinkers. There are no important large-scale prospective trials to assess the 
impact of coffee on important outcomes. Thus, the relationship between coffee consumption and car-
diovascular disease remains controversial, since the results from observational studies and case- 
control studies are mixed. Starting with the risks of coffee consumption, a case-crossover design study 
of 503 nonfatal acute MI between 1994 and 1998 in Costa Rica revealed the relative risk (RR) for 
heart attack in the first hour after coffee consumption was 1.49 (CI = 1.17–1.89) overall [2]. The rela-
tive risk was inversely proportional to the chronic coffee consumption by occasional (≤1 cup/day, 
n = 103) 4.14 (CI, 2.03–8.42), moderate (2–3 cups/day, n = 280) 1.60 (CI, 1.16–2.21), and heavy 
(≥4 cups/d, n = 120) 1.06 (CI, 0.69–1.63; p = 0.006) [2]. As expected, more than three cardiovascular 
risk factors or sedentary lifestyle significantly increased the relative risk of acute MI vs. attenuated 
relative risk in those without three risk factors or an active lifestyle. Coffee may trigger an acute MI, 
particularly in the first hour after consumption for light drinkers. A case-control study from the same 
group of over 2 thousand patients with nonfatal MI versus a similar number of population-based con-
trols in Costa Rica between 1994 and 2004 revealed intake of coffee was associated with an increased 
risk of nonfatal MI only among individuals with slow caffeine metabolism, suggesting that caffeine 
plays a role in this association [7].

Perhaps the most compelling data to support the potential health benefits of coffee drinking is 
the National Institutes of Health–AARP Diet and Health Study of over 400,000 subjects who were 
50–71 years of age at baseline with 5,148,760 person-years of subsequent follow-up between 1995 
and 2008 for cause-specific and all-cause mortality [13]. Participants with cancer, heart disease, 
and stroke were excluded. Coffee consumption was assessed once at baseline. In age-adjusted 
models, the risk of death was increased among coffee drinkers. However, coffee drinkers were also 
more likely to smoke, and, after adjustment for tobacco-smoking status and other potential con-
founders, there was a significant inverse association between coffee consumption and mortality. 
Adjusted hazard ratios for death among men by daily coffee intake as compared with those who 
did not were as follows: 0.99 (CI, 0.95–1.04) for less than 1 cup per day, 0.94 (CI, 0.90–0.99) for 
1 cup, 0.90 (CI, 0.86–0.93) for 2 or 3 cups, 0.88 (CI, 0.84–0.93) for 4 or 5 cups, and 0.90 (CI, 
0.85–0.96) for 6 or more cups of coffee per day (p < 0.001 for trend); the respective hazard ratios 
among women were 1.01 (CI, 0.96–1.07), 0.95 (CI, 0.90–1.01), 0.87 (CI, 0.83–0.92), 0.84 (CI, 
0.79–0.90), and 0.85 (CI, 0.78–0.93) (p < 0.001) [13]. Results were similar in other subgroups. 
The authors concluded that coffee consumption was inversely associated with total and cause-
specific mortality, but weather this relationship is a causal or an associational finding cannot be 
determined from the available data.

A meta-analysis of the dose response of coffee drinking and cardiovascular disease revealed thirty- 
six studies with 1,279,804 participants and 36,352 CVD cases. A significant nonlinear relationship of 
coffee consumption with CVD risk was identified. Compared with the lowest category of coffee con-
sumption (median, 0 cups per day), the relative risk of CVD was 0.95 (CI, 0.87–1.03) for the highest 
category (median, 5 cups per day), 0.85 (CI, 0.80–0.90) for the second highest category (median, 
3.5 cups per day), and 0.89 (CI, 0.84–0.94) for the third highest category (median, 1.5 cups per day) 
[10]. Increased physical activity associated with coffee consumption has been suggested as the con-
founding explanation for lower mortality [18]. Lastly, any recommendation about coffee intake should 
account for how the coffee is consumed, since black coffee with 4 sugar packets is essentially trans-
formed into a SSB with the deleterious risks noted above. In summary, the available evidence suggests 
that coffee consumption benefits seem to outweigh the risks, although associated increase in physical 
activity may contribute to the mechanism.
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 Evaluating Drinks

As previously noted, beverages are a major source of dietary added sugars, accounting for about half 
of daily intake (Fig. 5.1) [28]. A simple way to limit added sugars from drinks is to drink plain water. 
Water can be flavored with juices from lemons or limes to add flavor. For those who prefer other 
drinks, nutrition labels are informational tools with the potential for encouraging healthy choices. The 
nutrition facts label, present on most beverages in the USA, is a tool for making daily informed drink 
choices [4]. Unfortunately, the underutilization of the nutrition facts panel is common and is associ-
ated with low levels of both education and health literacy [4, 21]. The amount of sugar and calories 
can vary considerably in drinks so the focus on these elements is important to avoid or limit SSB 
drinking. For example, review of the nutrition facts label for products such as sports drinks, which 
may be marketed as healthful beverages, but may be especially important to emphasize as these are 
often SSB, see Fig. 5.1. Sugars have no percent Daily Value (%DV), thus the amount in grams (g) on 
the label should be reviewed. The Dietary Guidelines for Americans 2015–2020 recommend consum-
ing less than 10% of calories per day from added sugars. Since each g of sugar comprises 4 calories, 
patients on 2000 calorie a day intake should target sugar intake of less than 50 g sugar/day corre-
sponding to 200 calories/day. Patients could also be educated to look for added sugars on the ingredi-
ent list on a beverage package with examples including corn sweetener, corn syrup, dextrose, fructose 
sweetener, fruit juice concentrates, glucose, high-fructose corn syrup, malt syrup, maple syrup, molas-
ses, pancake syrup, sucrose, and sugar. These ingredients are listed in descending order by weight, so 
that the closer they are to the beginning of the list, the more of that ingredient is in the drink. Lastly, 
nutrition labels obviously do not account for sugar packets and other sweeteners or dairy products 
subsequently added to a beverage.

 Conclusion

The typical US diet includes almost 20% of calories from beverages. Thus, the substitution of plain 
water as the primary drink is a simple, scalable, inexpensive way to reduce mean calorie intake by up 
to 400 calories per day, assuming 2000 calorie intake. Observational data support that increasing plain 
water intake is associated with reduced calorie consumption. Sugar-sweetened beverages should be 
limited or avoided because of strong associations with increased abdominal obesity and T2DM. 
Artificially sweetened beverages are probably safer than SSB, but less desirable than plain water.
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 Introduction

Diet and nutrition are important elements in the promotion and maintenance of good health [96]. The 
World Health Organization recommends regular consumption of fruits and vegetables, including 
herbs and spices, because of their potential to decrease the incidence of several chronic diseases [98]. 
The Codex Committee on Spices and Culinary Herbs (CCSCH) is responsible for establishing 
worldwide standards for spices and culinary herbs in their dried and dehydrated state in whole, 
ground, and cracked or crushed form and consulting, as necessary, with other international 
organizations in the standard development process to avoid duplication. According to CODEX [22], 
herbs come from plant leaves or flowering parts either fresh or dried, and spices come from other parts 
of the plant such as roots, stem, bark, seeds, and bulb [94]. They are also usually dried before used. In 
some cases, herbs and spices may come from the same plant but from different parts. Herbs and spices 
have been widely used for both food and medicinal purposes (Fig. 6.1). In culinary practices, they are 
employed as preservatives (antioxidants or antimicrobials), flavor enhancers, colorants, and ingredient 
substitution of salt and sugar. Efforts to assess dietary intake of spices and herbs are complicated 
because their use is varied and they are consumed in trace amounts together with other foods. 

Fig. 6.1 Food applications and therapeutic uses of herbs and spices

Key Points
• Herbs and spices have been widely used from ancient times for both food and medicinal 

purposes.
• Some of the health claims for herbs and spices may not have been fully demonstrated, and 

more regulations are needed to regulate these claims.
• Trial evidence for the use of herbs and spices has uniformly demonstrated safety, but the 

efficacy data are limited by small subject size and short duration trials.
• Efficacy evidence is most robust for the herb green tea and the turmeric spice.
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Concentrations of herbs and spices in finished foods frequently fall within the range of 0.5–1% [49]. 
In medicine, they are used to reduce the risk or treat noncommunicable chronic diseases associated 
with oxidative stress and inflammation [76]. Herbs and spices are rich sources of bioactive 
phytochemicals such as phenolic compounds, carotenoids, sterols, terpenes, alkaloids, glucosinolates, 
and other sulfur-containing compounds, the majority of which have powerful antioxidant capacity. 
These phytochemicals seem to be responsible for the therapeutic effect of herbs and spices, and they 
provide a variety of health benefits [73] such as anticancer [49], anti-inflammatory [12], antibacterial 
[87], antiviral [47], and antioxidant effects [94]. The above statement accounts for the increasing 
interest in the health- promoting and protective properties of culinary herbs and spices.

The use of plant ingredients in food products is well established as vegetables and fruits, herbs and 
spices, herbal teas and infusions, beverages, and plant food supplements and has steadily increased in 
the last decade [17]. Health claims are increasingly appearing on our food, but the food industry is not 
allowed to make medicinal claims about food. In the European Union (EU), the discrepancy between 
the assessment of medical claims and health claims regarding the use of traditional data made the 
Commission of the European Food Safety Authority (EFSA) in September 2010 decide not to con-
tinue with the assessment of health claims for plant and herbal substances, the so-called “botanical” 
substances. The Scientific Committee decided alternatively to focus its work first on the safety assess-
ment of botanicals and botanical preparations used as ingredients in food supplements. Since the 
Commission and member countries need more time to decide how to assess safety, evaluation of 
health claims was deferred. However, there are a few authoritative recommendations regarding the 
intake of herbs and spices in existing national dietary guidelines.

Research has begun to identify not only culinary uses but also other potential benefits of spices 
and herbs in human health according to that described in Fig. 6.2. Authorized health claims in food 
labeling are claims that have been reviewed by the Food and Drug Administration (FDA) or EFSA 

Fig. 6.2 Research steps for the approval of a health claim of herbs or spices
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and are allowed on food products or dietary supplements to show that a food or food component 
may reduce the risk of a disease or a health-related condition. Health claims are truthful, clear, reli-
able, and useful to the consumer. Permitted health claims must provide scientific evidence on the 
relationship existing between a food category, a food or one of its constituents, and health benefit.

In the past decade, the number of clinical trials involving spices and herbs has increased sixfold 
[27]. Clinical trials aim to evaluate a medical intervention in human populations. Before the clini-
cal trial, in vitro laboratory tests and in vivo studies in animals to test potential therapy’s safety 
and efficacy are performed. After the success of a clinical trial, the FDA or EFSA may approve the 
drug for clinical use and continues to monitor its effects [70]. If a health claim is rejected, further 
research and an appeal for resubmission should be conducted. In addition, if a cause-effect rela-
tionship cannot be demonstrated, in some cases a nutrition claim can be included in the label. 
Nutrition claims state that a food has particular beneficial nutritional properties in terms of energy 
amount, nutrients, or other substances, for instance, “reduced salt” or “high in fiber.” If neither a 
health nor a nutrition claim is approved, the herb or spice can still be used as a food ingredient or 
additive, but it would not have the corresponding claim indicated on its label. The declaration of 
the ingredient on its food label will depend on the legislation in the country in which the product 
will be commercialized.

In order to increase our understanding on the mechanisms of action of the potential health- 
promoting properties, phytochemicals, their bioactivity, and impact in human health and disease, the 
use of the term “phytochemomics” has been proposed as an advanced analytical approach. This mul-
tidisciplinary research field is essential for establishing a cause-effect relationship and authorizing or 
rejecting nutrition and health claims made on foods, herbs, and botanicals enriched in phytochemicals 
[15]. Therefore, the aim of the present chapter is to review the most significant findings related to the 
food applications and therapeutic properties of herbs and spices, focusing on the beneficial effects 
reported in clinical trials.

 Herbs

Herbs may be defined as the dried leaves of aromatic plants used to impart flavor and odor to foods 
with, sometimes, the addition of color [74]. Table 6.1 shows the information regarding the food appli-
cations and therapeutic properties of the 25 most commonly consumed herbs.

Herbs can be consumed in different forms as a condiment in cooking, as beverages, or as 
essential oils due to their characteristic chemical composition. Beverages composed from herbs 
can be separated into tea or herbal infusions. The common tea is made from leaves of the plant 
Camellia sinensis, and four types are produced: white tea, green tea (both unfermented), Oolong 
tea (semi-fermented), and black tea (fermented) [42]. Nevertheless, the term herbal infusion 
usually refers to infusions made with other herbs, for instance, boldo, feverfew, linden, lemon 
verbena, lovage, senna, St. John’s wort, hibiscus, and thyme. Other difference between these 
beverages is the temperature of water; in the case of tea, it is usually prepared with boiling water, 
while herbal infusions are made with hot water (without reaching boiling point). In general, herbal 
beverages constitute an important part of the food culture in countries where traditional medicines 
are widely used such as some Asian countries, although their interest and consumption have 
increased exponentially in nontraditional regions, such as in many European countries. Due to the 
potential beneficial health effects related to tea drinking, there are studies that have determined 
and compared the chemical composition of different teas and herbal infusions [40]. Furthermore, 
herbs can be used fresh, where their highly delicate aromatic character is best preserved, but the 
vast majority of the trade is based on dried herbs. In this sense, herbs are used as natural 
preservatives (antioxidant or antimicrobial), colorants, and flavorings in the food industry.
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Table 6.1 Food applications and therapeutic properties of the most consumed herbs

Herbs Scientific name Family Tissue
Food 
applications Therapeutic properties

Registered 
clinical 
trials (n)

Basil Ocimum 
basilicum L.

Lamiaceae Leaves Flavoring, 
antimicrobial

Cancera, metabolic 
disordersb

2

Bay Laurus nobilis Lauraceae Leaves Flavoring, 
colorant

Metabolic disordersa, b 1

Boldo Peumus boldus 
molina

Monimiaceae Leaves Beverage – 0

Borage Borago 
officinalis L.

Boraginaceae Leaves Antioxidant Cardiovascular 
diseasesb, metabolic 
disordersb

10

Calendula Calendula 
officinalis L.

Asteraceae Flowers Flavoring, 
Colorant

Cardiovascular 
diseasesb, 
neurodegeneratives 
disordersb

8

Chamomile Matricaria 
chamomilla L.

Asteraceae Flowers Colorant Cardiovascular 
diseasesb

23

Chervil Anthriscus 
cerefolium

Apiaceae Leaves Flavoring – 0

Chives Allium 
schoenosprasum

Amaryllidaceae Leaves Flavoring – 0

Feverfew Tanacetum 
parthenium L.

Asteraceae Leaves Beverage Migraineb 1

Lemon 
balm

Melissa 
officinalis L.

Lamiaceae Leaves Flavoring, 
Antioxidant

Neurodegeneratives 
disordersa, b, metabolic 
disordersa, b, cancerb, 
cardiovascular 
diseasesb

2

Lemon 
grass

Cymbopogon 
citratus

Poaceae Leaves Flavoring, 
beverage

Cancera 0

Lemon 
verbena

Aloysia 
citrodora

Verbenaceae Leaves Beverage Neuromuscular 
diseasesb

1

Linden Tilia americana 
L.

Malvaceae Leaves Beverage Neurodegeneratives 
disordersb

1

Lovage Levisticum 
officinale

Apiaceae Leaves Beverage Urologic diseasesb 1

Marjoram Origanum 
majorana

Lamiaceae Leaves Flavoring, 
antioxidant

Respiratory disordersb 1

Oregano Origanum 
vulgare

Lamiaceae Leaves Flavoring, 
antioxidant, 
antimicrobial

Metabolic disordersa, b, 
cardiovascular 
diseasesb, sleep 
desordersb, respiratory 
disordersb

10

Parsley Petroselinum 
crispum

Apiaceae Leaves Flavoring Metabolic disordersb, 
urinary disordersb

5

Pennyroyal Mentha 
pulegium L.

Lamiaceae Leaves Flavoring, 
beverage

0

Rosemary Rosmarinus 
officinalis

Lamiaceae Leaves Flavoring, 
antioxidant, 
antimicrobial

Cancera, metobolic 
disordersa, b, 
cardiovascular 
diseasesb, respiratory 
disordersb, urinary 
disordersb

26

(continued)
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 Food Applications

 Flavorings

A culinary herb is an edible plant that when consumed in small quantities, provides substantial flavor 
and aroma. Fresh or dried leaves from different types of herbs (Table 6.1) can be often used as a food 
ingredient in many dishes such as salads, pasta, sausages, soups, marinades, meat, egg, vinegar, even 
in desserts, biscuits, and some alcoholic beverages such as liqueurs and wine [13, 94]. Aromatic com-
pounds in herbs are either phenolic or terpene-based compounds. Some important chemical com-
pounds for the flavoring potential of herbs are carvacrol, thymol (in oregano and thyme), and linalool 
(in sage and rosemary) [74].

 Colorants

Colorants are food additives that add or restore color in foods [71]. They are used to improve the 
appearance of foods and to maintain their natural color during processing and storage [60]. Plant- 
derived pigments are divided in four groups: green chlorophylls, yellow-orange-red carotenoids, red- 
blue- purple anthocyanins, and red betanin. Nowadays, there is increasing interest in the development 
of colorants from natural sources, especially in food industries. Color and freshness are the main cri-
teria favored essentially by the social trend toward the consumption of natural products instead of 
synthetic ones because of their side effects, toxicity, and allergic reactions [85]. In herbs, the principal 
compounds responsible for color are flavonoids which dye in colors from pale yellow (isoflavones) 
through deep yellow (chalcones, flavones, flavonols, aurones), orange (aurones) to reds and blues 
(anthocyanins) [74].

Table 6.1 (continued)

Herbs Scientific name Family Tissue
Food 
applications Therapeutic properties

Registered 
clinical 
trials (n)

Sage Salvia officinalis Lamiaceae Leaves Flavoring, 
antioxidant, 
antimicrobial

Metabolic disordersa, b, 
cardiovascular 
diseasesb

10

Senna plant Cassia 
angustifolia

Fabaceae Leaves, 
flowers

Beverage 0

St. John’s 
wort

Hypericum 
perforatum L.

Clusiaceae Flowers Beverage Cancerb, metobolic 
disordersb, 
cardiovascular 
diseasesb, anxiety 
disrodersb

38

Tea Camellia 
sinensis L.

Theaceae Leaves Antioxidant, 
beverage

Metabolic disordersa, b, 
cancera, b, 
cardiovascular 
diseasesb, 
neurodegenerative 
diseasesb, urinary 
disordersb

396

Thyme Thymus vulgaris Lamiaceae Leaves Antioxidant, 
antimicrobial

Metabolic disordersb, 
respiratory disordersb

13

Number of clinical trials registered in ClinicalTrials.gov in November 2018
aPublished human studies of the therapeutic properties of herbs
bCurrently ongoing clinical trials studying therapeutic properties herbs
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Some herbs have been described as natural colorants. Bay leaf has been employed as a food 
colorant due to the presence of anthocyanins [61]. The flower of Calendula is normally used as a food 
colorant to bring a yellow color due to the presence of carotenoids. The stability of these compounds 
during commercial shelf life is very important if the final products have to be attractive and acceptable 
[82]. In addition, essential oils obtained from fresh or dried flower heads of chamomile have coloring 
properties [28]. However, spices are more commonly used as a source of natural colorants than herbs.

 Preservatives: Antioxidants

The Codex General Standard for Food Additives defines antioxidants as food additives that prolong 
the shelf life of foods by protecting against deterioration caused by oxidation [35]. Several studies 
have proven the excellent preservative capacity of different plant extracts in different food matrices. 
Antioxidants, even in low amounts, significantly delay or prevent oxidation reactions of susceptible 
ingredients such as lipids [34]. Many herbs are excellent sources of natural antioxidants, and their 
antioxidant properties are associated to flavones, isoflavones, flavonoids, anthocyanins, coumarins, 
lignans, catechins, and isocatechins [5].

Rosemary, oregano, sage, marjoram, thyme, borage, balm, and tea, among others, are natural 
sources of antioxidants (Table 6.1) and are considered as free radical scavengers [30]. Kumar et al. 
reviewed the use of herbs in meat and meat products [56]. In this sense, rosemary and oregano extracts 
were used in raw pork batters to identify the main antioxidant compounds and their effect on color and 
oxidation. Results showed that rosemary extracts had a high antioxidant activity, even more than the 
phenol compounds separately. These extracts also showed the highest antioxidant capacity, possibly 
due to the presence of high concentrations of carnosic acid and carnosol, among other compounds. 
However, ethanol oregano extracts containing high concentrations of phenols, mainly rosmarinic acid, 
efficiently prevented color deterioration [38]. Borage has also been added as an antioxidant in fer-
mented sausages [20] and balm in meat products [21]. Sage was effective in controlling lipid and 
cholesterol oxidation, minimizing the prooxidant effects of salt, cooking, and storage in chicken meat 
[63]. Green tea extract has also been used to protect Turkish dry-fermented sausage (sucuk) against 
oxidation during the ripening periods, and it showed more effectiveness than butylated hydroxytolu-
ene (BHT). Green tea extract has shown capacity to scavenge oxygen radicals and to chelate metal 
ions [14].

Rosemary extract (E-392) has been classified as a food additive in the EU and in the USA, and it is 
the only herb commercially available for its use as an antioxidant. Carnosic acid and its derivative car-
nosol are also used and regulated as key antioxidant compounds in rosemary extracts by the European 
Commission [10, 32]. Rosemary leaf extract antioxidant is prepared by solvent extraction (ethanol, 
acetone, or ethanol followed by hexane) or supercritical carbon dioxide extraction, which are then 
deodorized, decolorized, and standardized. According to the EU regulation, only deodorized rosemary 
extracts containing carnosic acid and carnosol are considered additives. Application areas are food 
matrices, including oils, animal fats, sauces, and bakery wares, and meat and fish products [10]. 
Rosemary is known to be a superoxide radical scavenger, lipid antioxidant, and metal chelator [30].

 Preservatives: Antimicrobials

There is increasing interest in the antimicrobial properties of herbs and their products to reduce the 
occurrence of microbial (bacteria, yeast, fungi) contamination in foods caused by undesirable patho-
genic microorganisms such as Listeria monocytogenes, Escherichia coli O157:H7, Salmonella 
typhimurium, Bacillus cereus, and Staphylococcus aureus. Antimicrobial compounds and extracts 
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improve shelf life of foods and generally minimize pathogens and toxins produced by microorgan-
isms. However, these compounds or their extracts act as antimicrobials in vitro, and to achieve the 
same effect in foods, a greater concentration is needed. Only a few food preservatives possessing 
antioxidant and antimicrobial properties containing essential oils from rosemary, sage, thyme, oreg-
ano, and basil are already commercially available. They have been used successfully alone or in 
combination with other preservation methods. Rosemary hydroalcoholic extract has been effective 
against Streptococcus mitis, Streptococcus sanguinis, Streptococcus mutans, Streptococcus sobrinus, 
and Lactobacillus casei standard strains, and its antimicrobial activity has been proved in all tests, 
except against Streptococcus mitis [89]. Costa et al. [23] have studied the antibacterial activity of 
essential oils from oregano against multiresistant bacteria (including Escherichia coli, Listeria mono-
cytogenes, Bacillus cereus, Staphylococcus aureus, Enterococcus faecalis, and Saccharomyces cere-
visiae) [23]. Essential oils from oregano, thyme, marjoram, and basil were also active against strains 
of Listeria monocytogenes and Salmonella enteritidis in meat products but were more active against 
gram-positive bacteria [90].

 Therapeutic Properties

In order to overcome the difficulties of applying the pharmaceutical regulation to herbal medicinal 
products in a uniform manner, specific provisions for traditional herbal medicinal products have been 
introduced in the EU relating to medicinal products for human use (Directive 2001/83/EC). 
Bibliographical or expert evidence to the effect that the medicinal product in question has been in 
medicinal use throughout a period of at least 30 years preceding the date of the application, including 
at least 15 years within the community, is required for assessing the safety of the medicinal product 
[33]. The following section reviews all the clinical trials studying the health-promoting properties of 
herbs in metabolic disorders, cardiovascular diseases, cancer, and neurodegenerative disorders.

 Metabolic Disorders

Several in vitro studies show antidiabetic properties of herbs, but only a few clinical trials investigating 
the effect of herbs on metabolic disorders have been conducted. In a parallel randomized double- blind 
clinical trial with 82 patients with borderline hyperlipidemia, the consumption of 3 g of lemon balm 
leaf powder per day for 2 months was associated with a significant decrease in mean serum LDL 
cholesterol [46].

The effect of bay leaf ingestion for 30 days in men and women over the age of 40 showed reduced 
fasting serum glucose, total cholesterol, LDL, and triglycerides compared to the placebo group [53]. 
Similarly, males and females over 40 years old with controlled type I diabetes consuming 3 g of bay 
leaf per day for 4 weeks had reduced serum total cholesterol, LDL, triglycerides and fasting glucose 
and had greater serum HDL compared to baseline [3]. These results suggest that bay leaf consumption 
may help manage hyperlipidemia.

The potential hypolipidemic effect of consuming oregano extract has also been studied in 
humans. Forty-five non-smoking men were divided in three groups: placebo group (mango-orange 
juice, n = 15); low phenolic group (mango-orange juice enriched with oregano extract, in which 
daily dosage of total phenolic compounds from the extract was 300  mg gallic acid equivalent 
(GAE), n = 15); and high phenolic group (mango-orange juice enriched with oregano extract, in 
which daily dosage of total phenolic compounds from the extract was 600  mg GAE, n  =  15). 
Results after 90 min of juice ingestion showed a significant reduction in LDL oxidation in the low 
phenolic group [72].
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Sage extract also has beneficial effects on blood lipid profile in humans. In a randomized double- 
blind placebo-controlled clinical study, newly diagnosed primary hyperlipidemia patients consumed 
a capsule containing 500 mg of sage extract every 8 hours for 2 months. At the end of the study, sub-
jects had lower serum total cholesterol, triglycerides, LDL, and VLDL and increased HDL compared 
to both baseline and placebo groups [54]. In another study on healthy female subjects between the 
ages of 40 and 50, consumption of sage aqueous infusion twice a day for 2 weeks was associated with 
lower plasma LDL, total cholesterol, and greater plasma HDL [83]. In a double-blind, placebo- 
controlled trial, 56 obese, hypertensive subjects were randomized to receive a daily supplement of 1 
capsule that contained either 379 mg of green tea extract or a matching placebo, for 3 months. Results 
showed that a daily supplementation with 379 mg of green tea extract favorably influences blood pres-
sure, insulin resistance, inflammation, oxidative stress, and lipid profile in patients with obesity- 
related hypertension [11].

 Cardiovascular Diseases

Herbs have been used in patients with congestive heart failure, systolic hypertension, angina pectoris, 
atherosclerosis, cerebral insufficiency, venous insufficiency, and arrhythmia [81]. A study regarding 
the effect of lemon balm infusion drunk twice a day for 30 days in 55 radiology staff showed that the 
activity of superoxide dismutase (SOD), catalase (CAT), and guttation peroxidase (GPx) increased 
significantly, but the level of lipid peroxidation (LPO), 8-hydroxy-2′-deoxyguanosine (8-OHdG), and 
the activity of myeloperoxidase (MPO) significantly decreased. Hence, it decreases radiation-induced 
oxidative stress biomarkers, and since oxidative stress is related to cardiovascular diseases (CVDs), 
lemon balm may have potential in the prevention or treatment of these diseases [103]. The antioxidant 
potential of lemon balm infusion may be due to its phenolic compounds, especially phenolic acids 
(rosmarinic acid, gallic acid, and ferulic acid), flavonoids (luteolin 7-O-glucoside, quercetin 
3- rutinoside, and quercetin 3-O galactoside), and their antioxidant capacity [55]. In another clinical 
trial, participants with hypercholesterolemia who consumed 140 mg of lemon grass oil daily experi-
enced a significant drop in mean cholesterol concentrations up to 38 mg/dL, but this trial had no 
control group [29]. Hawthorn is an herb used for improving blood flow. The leaves, fruit, and flowers 
of hawthorn are widely used in Europe for improving the pumping capacity of the heart and for treat-
ing angina. The major activity of hawthorn is thought to be mediated by various flavonoids. Patients 
with congestive heart failure (NY Heart Association class II) who were given 600 mg/day of a haw-
thorn extract had significantly lower blood pressure, heart rates, and less shortness of breath when 
exercising compared with subjects not receiving hawthorn [86]. Studies have suggested that green tea 
may lower blood cholesterol concentrations and blood pressure and may be effective for the treatment 
of hypertension and hyperlipidemia in both patients on medications and healthy subjects [68]. A 
double-blind, randomized, placebo-controlled, parallel-group trial studied the effect of daily intake of 
a capsule containing 75 mg theaflavin, 150 mg of green tea catechins, and 150 mg of other tea poly-
phenols for 12 weeks on subjects with mild-to-moderate hypercholesterolemia already consuming a 
low-fat diet. Results showed that the extract decreased mean serum total cholesterol and LDL by 
11.3% and 16.4%, respectively, in treated volunteers compared to the placebo group [64]. Similar 
results were recently described in a randomized, double-blind trial with 115 women with central obe-
sity. A high-dose of green tea extract with epigallocatechin gallate (EGCG) at a daily dosage of 
856.8 mg resulted in significant weight loss, reduced waist circumference, and a consistent decrease 
in total cholesterol and LDL plasma levels without any side effects [18].

Hibiscus tea has demonstrated antihypertensive properties in several clinical trials studies. 
Anthocyanin compounds (delphinidin-3-sambubioside and cyanidin-3-sambubioside) were involved in 
these effects [41]. Previous studies conducted in hypertensive patients used a higher dose of hibiscus tea 
to compare its effects with that of either black tea, for instance, in a sequential randomized controlled 
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clinical trial, 60 diabetic patients with mild hypertension were randomly allocated in 2 groups, hibiscus 
tea and black tea. In each group, they consumed their corresponding infusion two times per day for one 
month. Results showed a significant decrease from 134.4 to 112.7  mm Hg for hibiscus tea consumers 
group, and so consuming hibiscus tea had positive effects on blood pressure in type 2 diabetic (T2DM) 
patients with mild hypertension [69]. In addition, the first reported placebo-controlled clinical trial in 
order to examine the effect of hibiscus tea on blood pressure was described by McKey et al. [66]. In a 
randomized study, double-blind, placebo-controlled clinical trial, 65 pre- and mildly hypertensive adults 
were distributed in 2 groups, hibiscus tea and placebo group. For 6 weeks, participants consumed daily 
a bag of hibiscus tea or placebo (which contain artificial hibiscus flavor). Results showed at 6 weeks of 
treatment, hibiscus tea lowered systolic (−7.2 ± 11.4 mm Hg) and diastolic (−3.1 ± 7.0 mm Hg) blood 
pressure compared with placebo, although in the last case this change did not differ from placebo group. 
Results suggest daily consumption of hibiscus tea, in an amount readily incorporated into the diet, low-
ers blood pressure in pre- and mildly hypertensive adults and may be an effective component of the 
dietary changes recommended for people with these conditions [66].

Chamomile, rosemary, sage, and thyme have high flavonoid contents, and therefore they have an 
important role in dietary flavonoid intake, but there is little evidence to support a direct cardiovascular 
health benefit from these herbs apart from some epidemiological studies [94].

 Cancer

Worldwide, more than 3000 plants have been reported to have anticancer properties. There are several 
in vitro studies and rodent in vivo studies suggesting that certain herbs may have a chemopreventive 
effect against the early initiating stages of cancer. Herbs containing known anticarcinogenic effects in 
animal models of cancer include basil, rosemary, mint, and lemon grass [94]. Nevertheless, limited 
data are available concerning the effectiveness of herbal extracts as anticarcinogenic agents in humans 
[4]. Experimentally, several medicinal plants and herbal ingredients have been reported to have anti-
cancer effects. Herbs may be able to inhibit carcinogen bioactivation, decrease free radical formation, 
suppress cell division, and promote apoptosis in cancerous cells [50].

Green tea is the only herb that has shown clinical evidence for supporting its anticancer effects 
[43]. A double-blind placebo-controlled study showed that green tea catechins were safe and effective 
for treating premalignant prostate cancer [8]. In contrast, other studies showed that green tea has mini-
mal clinical activity against prostate cancer [19, 48]. Catechins (phenolic compounds) have been 
identified as the main active constituents responsible for most of the biological properties of green tea.

Bioactive compounds present in herbs with cancer-preventive properties include terpenes (basil, 
marjoram, mint, rosemary, oregano, sage, and thyme), polyphenols, mainly flavonoids compounds 
(basil, marjoram, mint, rosemary, oregano, sage, parsley and thyme), and epigallocatechin gallate and 
other catechins (green tea) [7, 44, 100, 101].

 Neurodegenerative Disorders

Lemon balm has been used traditionally for the treatment of dementia and amnesia, two disorders that 
are closely associated with Alzheimer’s disease. A clinical trial of 42 patients during 16  weeks 
demonstrated reduction of agitation and improvement in cognitive and behavioral functions after 
administration of hydroalcoholic extract of lemon balm (60  drops/day) standardized to contain 
500 μg citral/mL (terpenoid compound) [1]. Based on limited data, a proposed mechanism for the 
memory- enhancing effects of lemon balm may be attributed to the inhibition of acetylcholinesterase 
activity, the stimulation of acetylcholine (nicotinic and muscarinic receptors), and γ-aminobutyric 
acid (GABAA) receptors, as well as the inhibition of matrix metalloproteinase-2 (MMP-2).
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 Spices

According to the FDA, spices are defined as “aromatic vegetable substances, in the whole, broken, or 
ground form, whose significant function in food is seasoning rather than nutrition.” Table 6.2 shows 
the food applications and therapeutic properties of the most consumed spices.

Table 6.2 Food applications and therapeutic properties of the most consumed spices

Spices Scientific name Family Tissue
Food 
applications

Therapeutical 
properties

Registered 
clinical 
trials (n)

Anise Pimpinella 
anisum

Apiaceae Fruit Flavoring Metabolic disordersa, b 6

Caraway Carum carvi Apiaceae Fruit Antioxidant Metabolic disordersb, 
back painb

12

Cardamom Elettaria 
cardamomum

Zingiberaceae Fruit Flavoring, 
antioxidant

Cancerb, cardiovascular 
diseaseb

5

Celery Apium 
graveolens

Apiaceae Fruit Flavoring Cardiovascular 
diseaseb, 
neurodegenerative 
disordersb

10

Cinnamon Cinnamomum 
zeylanicum

Lauraceae Bark Flavoring, 
antioxidant, 
antimicrobial

Cardiovascular diseasea, 

b, metabolic disordersa, 

b, neurodegenerative 
disordersb, dental 
cariesb

58

Cloves Eugenia 
aromaticum

Myrtaceae Flower 
bud

Flavoring, 
antioxidant, 
antimicrobial

Cardiovascular 
diseasea, metabolic 
disordersa, cancerb, 
dental cariesb

15

Coriander Coriandrum 
sativum

Apiaceae Fruit Flavoring, 
antioxidant

Cardiovascular 
diseaseb, metabolic 
disordersa

7

Cumin Cuminum 
cyminum

Apiaceae Fruit Flavoring, 
antioxidant, 
antimicrobial

Metabolic disordersa, b, 
fungal infectionb

20

Dill Anethum 
graveolens

Apiaceae Fruit Flavoring Cancerb, kidney injuryb 16

Fennel Foeniculum 
vulgare

Apiaceae Fruit Flavoring, 
antioxidant

Chronic constipationb 4

Fenugreek Trigonella 
foenum- 
graecum

Fabaceae Fruit Flavoring Metabolic disordersa, b, 
hypogonadismb

19

Garlic Allium sativum Liliaceae Bulb Flavoring Cancera, b, 
cardiovascular diseasea, 

b, metabolic disordersa, b

54

Ginger Zingiber 
officinale

Zingiberaceae Rhizome Flavoring, 
antioxidant

Cardiovascular 
diseasea, metabolic 
disordersa, b, anxietyb, 
psoriasisb

144

Horseradish Armoracia 
lapathifolia

Brassicaceae Root Flavoring Metabolic disordersb 10

(continued)
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 Food Applications

 Flavorings

Flavoring food is one of the most common uses of spices. There is a conventional classification of 
spices based on the degree of taste [74]:

• Hot spices: Black, red, and white pepper, ginger, and mustard
• Mild spices: Paprika and coriander
• Aromatic spices: Allspice, cardamom, celery, cinnamon, clove, cumin, dill, fennel, fenugreek, 

onion, garlic, and nutmeg

The most important flavor compounds found in culinary spices are eugenol (allspice, cinnamon, 
and clove), piperine (black pepper), gingerol (ginger), myristicin (nutmeg), and turmerone 
(turmeric) [74].

Table 6.2 (continued)

Spices Scientific name Family Tissue
Food 
applications

Therapeutical 
properties

Registered 
clinical 
trials (n)

Mustard 
seed

Brassica nigra, 
Brassica 
juncea, 
Brassica hirta

Brassicaceae Seed Flavoring, 
antimicrobial

Cancerb, metabolic 
disordersb

5

Nutmeg Myristica 
fragrans

Myristicaceae Kernel of 
the seed

Flavoring, 
antioxidant

– 0

Onion Allium cepa Liliaceae Bulb Flavoring Cardiovascular 
diseaseb, metabolic 
disordersa, b

29

Paprika Capsicum 
annum

Solanaceae Fruit Flavoring, 
colorant

Cardiovascular 
diseasea, headacheb

2

Pepper, 
black/white

Piper nigrum Piperaceae Fruit Flavoring, 
antioxidant

Cardiovascular diseasea, 

b, metabolic disordersb

119

Pepper, red Capsicum 
frutescens

Piperaceae Fruit Flavoring Metabolic disordersb, 
neurodegenerative 
disordersb

41

Saffron Crocus sativus Iridaceae Stigma Colorant Metabolic disordersb, 
macular degenerationb

4

Star anise Illicium verum Illiciaceae Fruit Antioxidant – 0
Turmeric Curcuma longa Zingiberaceae Rhizome Colorant, 

antimicrobial
Cancera, b, 
cardiovascular diseasea, 

b, neurodegenerative 
disordersa, b, metabolic 
disordersa, b skin 
inflammationb, 
osteoarthritisb

117

Vanilla Vanilla 
tahitensis

Orchidaceae Fruit Flavoring Metabolic disordersb, 
osteoporosisb

57

Number of clinical trials registered in ClinicalTrials.gov in November 2018
aPublished human studies of the therapeutic properties of spices
bCurrently ongoing clinical trials studying therapeutic properties spices
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 Colorants

Paprika (E160c) and curcumin (E100) are the two natural colorants obtained from spices allowed as food 
additives in the EU and in the USA [31, 58]. Paprika extract (E160c) is a natural dark red dye obtained by 
solvent extraction from the ground fruit pods, with or without seeds, of Capsicum annuum, and it contains 
capsanthin and capsorubin as the principle coloring compounds [32]. In both the EU and the USA, paprika 
extract (E 160c) is permitted quantum satis, which means that no maximum numerical level is specified 
and it shall be used in accordance with good manufacturing practice, at a level not higher than is necessary 
to achieve the intended purpose and provided the consumer is not misled [31]. However, for meat prepara-
tions and processed meat, there is an established limit by the European Commission of 10 mg/kg product 
[58]. Curcumin (E100) is obtained by solvent extraction of turmeric, the ground rhizomes of Curcuma 
longa. Curcumin, which represents about 2–8% of most turmeric preparations, gives turmeric its distinct 
color and flavor. A concentrated curcumin powder is obtained by crystallization. The orange-yellow pow-
der consists essentially of curcumins, the coloring principle (1,7-bis(4-hydroxy-3-methoxyphenyl)hepta-
1,6-dien-3,5-dione), and its two desmethoxy derivatives in varying proportions [32]. The EU has 
established an acceptable daily intake of curcumin of 3 mg/kg; however, the USA limits the amount of 
turmeric used in foods by the good manufacturing practices (GMP) where manufacturers use only the 
amount of an additive necessary to achieve the desired result [58].

 Preservatives: Antioxidants

Different spices have been studied to preserve different food matrixes. For instance, coriander has 
been proven to be efficient as an antioxidant in the control of lipid oxidation in white hake fish meat-
balls during frozen storage [84]. Dwivedi et  al. [26] have studied Chinese five-spice ingredients 
composed of cinnamon, cloves, fennel, pepper, and star anise alone and in combination in cooked 
ground beef. Results showed that all spices and blends reduced rancid odor/flavor in cooked ground 
beef. However, the spices did not mask rancid off-flavors but had antioxidant effects [26]. Cooked 
ground beef has also been used as a food matrix to study the antioxidant effect and sensory attributes 
of individual ingredients (black pepper, caraway, cardamom, chili powder, cinnamon, cloves, 
coriander, cumin, fennel, ginger, nutmeg, salt, star anise) of an Indian spice blend (garam masala). 
All individual spices of garam masala were effective in maintaining low rancidity levels in cooked 
beef during refrigeration in addition to significant reduction of perception of rancid odor and rancid 
flavor [97]. The antioxidant properties of spices are due to their chemical composition, especially to 
phenolic compounds. In fact, there is a linear relationship between the phenolic and flavonoid content 
and the antioxidant capacity of a spice [99]. Most of the antioxidants from spices act by reacting with 
free radicals created during the initiation stage of autoxidation or by forming complexes with metal 
ions [30].

 Preservatives: Antimicrobials

The use of spices as preservatives has been assessed in multiple foods such as meat, fish, dairy 
products, vegetables, rice, fruit, and animal food. Spices can exert antimicrobial activity in two 
ways: by preventing the growth of spoilage microorganisms (food preservation) and by inhibiting the 
growth of those pathogenic (food safety) [36]. Many extracts obtained from spices possess 
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antimicrobial activity against a wide range of bacteria, yeast, molds, and viruses due to the presence 
of high levels of phenolic compounds. Cumin and clove essential oils inhibited the growth of total 
bacteria on meat samples for 15 days at 2 °C [39]. In addition, treatment of raw chicken meat with 
extracts of clove, oregano, cinnamon, and black mustard was effective against microbial growth [78]. 
The addition of turmeric extract (1.5%) to whole gutted rainbow trout can also retard microbial 
growth, delay the chemical changes, maintain sensory attributes (texture, odor, color, and overall 
acceptance), and extend the shelf life during refrigerated storage [75]. Although the antimicrobial 
effects of spices and their derivatives have been tested against a wide range of microorganisms over 
the years, their mode of action is still not completely understood. In fact, spices and their essential 
oils can contain many different bioactive compounds present in variable amounts.

Bioactive compounds of spices such as terpenes, terpenoids (thymol and carvacrol), and 
phenylpropenes (eugenol and cinnamaldehyde) are responsible for their antimicrobial activity. 
Terpenes possess lesser antimicrobial activity than the other compounds. Terpenoids exert their 
antimicrobial activity by their functional groups (hydroxyl groups and delocalized electrons) 
affecting the permeability or disrupting important energy-generating processes leading to cell 
death. The antimicrobial activity of eugenol is performed at membrane and protein level and 
reacts and cross-links with DNA and proteins. Overall, antimicrobial activity of spices is a syn-
ergistic effect of the combination of all the bioactive compounds present in them [36]. The main 
limitation of spices as antimicrobial agents is the need of high amounts of natural compounds 
that comprise the organoleptic profile of foods. Therefore, combinations of spices or their pure 
natural compounds and additional technologies represent a promising alternative to reduce the 
amount of spices used and solve this problem.

 Therapeutic Properties

Numerous studies have shown that nutraceuticals derived from spices such as clove, coriander, garlic, 
ginger, onion, pepper, and turmeric prevent various chronic diseases by targeting inflammatory path-
ways [57]. Nutraceuticals are natural, bioactive chemical compounds that have health-promoting, 
disease-preventing, or general medicinal properties [16].

A recent cross-sectional study carried out in adults living in Midwestern USA concluded that the 
majority of participants currently used one or more spices on a daily basis but were unaware of their 
potential health benefits [45]. This study also concluded that most participants shared interest in learn-
ing about the health benefits of spices. Therefore, since limited clinical studies have examined the 
therapeutic effects of spice-derived nutraceuticals in humans, the aim of this section is to gather and 
review all the beneficial effects of spices on human health supported by clinical studies. Table 6.2 
shows the most commonly used spices according to the FDA, their proved health-promoting proper-
ties (published clinical trials and currently on going), and the number of registered clinical trials [95].

 Metabolic Disorders

Many spices have antioxidant and anti-inflammatory properties and could also have potential 
therapeutic properties in diabetes [2]. Only few spices have demonstrated to reduce the glycemic 
response in animals and human clinical trials. Cumin, cinnamon, garlic, ginger, onion, and turmeric 
have shown antidiabetic properties in human studies [6]. The antidiabetic properties of these spices 
involve improving insulin sensitivity, stimulating insulin secretion, decreasing carbohydrate 
absorption, increasing peripheral glucose uptake, inhibiting hepatic glycogenolysis, exerting 
antioxidant effects, inhibiting hepatic glycogenolysis, and potentiating endogenous incretins [6].
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Cinnamon has the potential to lower blood glucose in animal models and humans. To date, several 
randomized controlled studies have studied the effect of cinnamon on T2DM in adults. These studies 
have evaluated the effect of cinnamon on glycosylated hemoglobin, fasting plasma glucose, total 
cholesterol, LDL cholesterol, and triglycerides [67]. However, the short duration of studies is flawed; 
design has made the available evidence difficult to interpret.

The first randomized double-blind placebo-controlled clinical trial to evaluate the effects of 
cinnamon on individuals with T2DM was conducted in 2003. Sixty diabetic patients (30 men and 30 
women) received either placebo or 3 different doses of cinnamon powder (1, 3, 6 g/day, respectively) 
for 40 days. Cinnamon was found to reduce fasting blood glucose, triglycerides, LDL cholesterol, and 
total cholesterol levels [52]. Other clinical study has reported that cinnamon decreased glycosylated 
hemoglobin (HbA1c) in 109 patients with T2DM [24].

Fenugreek seeds have been found to diminish hyperglycemia in normal individuals and those with 
diabetes in several different clinical trials carried out in the past few years [91]. Fasting blood glucose, 
24-h urinary sugar excretion, serum cholesterol, and triglyceride levels were significantly reduced in dia-
betic patients. Clinical symptoms like polyuria, polyphagia, and polydipsia were also improved. These 
effects of fenugreek seeds seem to be due to the gum fiber present in them. Inclusion of fenugreek in 
amounts of 25–50 g in the daily diet can be an effective supportive therapy in the management of diabetes. 
Fenugreek is reported to be absolutely safe for consumption based on a long-term animal study [91].

Ginger supplementation might be considered as a beneficial natural remedy for regulating triglycerides 
and LDL cholesterol. The lowering effect of ≤2 g/day ginger was greater on triglycerides and total 
cholesterol [77]. Ginger is a safe, non-expensive, and available traditional remedy with negligible side 
effects at usual dosages. However, further long-term studies are needed to confirm these results.

Turmeric is another important spice claimed to possess beneficial hypoglycemic effects and to 
improve glucose tolerance in a limited number of clinical studies. Moreover, it has been demonstrated 
that turmeric had a synergistic effect with metformin in T2DM in lowering fasting blood glucose. 
When T2DM patients received turmeric supplementation with metformin, both fasting blood glucose 
and HbA1c levels were significantly reduced as compared to controls treated metformin alone [62].

Cumin supplementation has been found to be more effective than glibenclamide in the treatment 
of T2DM. The antihyperglycemic effect of cumin may be due to the protection of surviving pancreatic 
β-cells, the increase in insulin secretion, and glycogen storage [9].

The antidiabetic, hypolipidemic, and antioxidant properties of coriander and anise have been 
assessed in vivo by the administration of coriander seed powder (5 g/day) to diabetic patients for 
60 days. It was found that coriander and anise decreased blood sugar, decreased serum lipids and 
lipoproteins, improved HDL, and controlled lipid peroxidation [80].

Clove extracts also improved the function of insulin and lower glucose, total cholesterol, LDL, and 
triglycerides in people with diabetes. Thirty-six people with T2DM were given capsules containing 0, 
1, 2, or 3 g of cloves per day for 30 days followed by a 10-day washout period. At the end of the 
30 days, the diabetic patients who had been taking some level of clove supplementation showed a 
decrease in serum glucose, triglycerides, serum total cholesterol, and LDL [51].

 Cardiovascular Diseases

Although very few clinical studies regarding the use of spices and cardiovascular diseases have been 
performed, Harvard Medical School recommends the use of spices instead of salt and butter in order 
to prevent high blood pressure and heart disease. A salty diet may raise blood pressure, increasing 
the risk of heart attack and stroke. It has been found that people who enjoy spicy foods (especially 
chili peppers) eat less salt and have lower blood pressure than people who prefer less spicy foods. 
These findings suggest that gradually adding small amounts of spice to your food may help reduce 
use of salt and, therefore, lower blood pressure [37].
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A randomized crossover study has shown that the post meal triglyceride response can be reduced 
by the inclusion of a culinary spice blend (black pepper, cinnamon, cloves, garlic, ginger, oregano, 
paprika, rosemary, and turmeric) in a high-fat meal by the inhibition of enzymes responsible for lipid 
digestion in the small intestine [65]. Post-meal triglycerides are an important indicator of cardiovas-
cular risk and a potential target for therapeutic intervention. These data suggest that the regular inclu-
sion of spices in the diet may help attenuate the effect of large fat loads on cardiovascular risk.

 Cancer

There are several spices such as turmeric, garlic, ginger, and black cumin with proven anticarcinogenic 
effects in animal models of cancer. These spices have shown chemopreventive effects against different 
types of cancers – skin, stomach, pancreas, liver, colon, and oral – in experimental models. Zheng 
et al. [104] have reviewed recent studies on some spices for the prevention and treatment of cancers 
paying special attention to bioactive components and mechanisms of action. These authors suggest 
the potential therapeutic strategy of using spices to prevent or treat cancers [104]. However, cancer-
preventive effects have not been conclusively proven in humans. Bioactive compounds composing 
these spices reduce oxidative stress inhibit cell division, promote apoptosis in cancerous cells, and 
regulate inflammation contributing to cancer prevention [92].

One of the most studied spices for the application in cancer treatment is turmeric. Curcumin 
obtained from turmeric shows antioxidant, anti-inflammatory, and antitumor properties demonstrated 
in preclinical and clinical trials. Antitumor activity is proposed to be due to the activation of apoptosis 
and inhibition of inflammation, angiogenesis, and metastasis in the tumor microenvironment [25]. 
There are numerous clinical trials being carried out to allow corroborating the in vitro antitumor activ-
ity of curcumin and its effectiveness as a therapeutic agent in different types of tumors such as: colon, 
gastric, cervical, endometrial, breast, pancreatic, prostate, lung, and lymphoma [25]. Consequently, 
numerous patents have been developed in connection with the administration and use of curcumin 
against different types of cancer.

Garlic has also been studied in a few clinical trials to examine its potential anticancer effects. 
Different randomized clinical trials have evaluated the effect of garlic intake on gastric cancer risk. In 
one study, patients who received garlic extract had a reduction of risk for all tumors combined by 33% 
and the risk for stomach cancer by 52% in comparison with the placebo group [59]. In contrast, find-
ings from another randomized trial involving individuals with precancerous stomach lesions found that 
garlic supplementation (800 mg garlic extract plus 4 mg steam-distilled garlic oil daily) did not improve 
the prevalence of precancerous gastric lesions or reduced the incidence of gastric cancer [102]. A ran-
domized study in Japan compared the effects of daily high-dose and low-dose intakes of garlic extract 
on individuals with colorectal adenomas, and after 12 months, 67% of the low-intake group developed 
new adenomas compared with 47% in the high-intake group [93]. Diallyl disulfide and diallyl trisulfide 
may be the main contributors of the anticancer action of garlic. Garlic compounds may work by mul-
tiple mechanisms, including mutagenesis inhibition, induction of phase II detoxification enzymes, inhi-
bition of DNA adduct formation, affecting the intrinsic pathway for  apoptotic cell death, and cell cycle 
machinery that may cumulatively contribute to their anticancer activities [92]. Future research is needed 
in the clinical assessment of these compounds for the prevention or treatment of cancers in humans.

 Neurodegenerative Disorders

Recently, numerous spices, medicinal plants, fruits, and vegetables possessing high antioxidant activity 
have received much attention as food supplements to slow the loss of cognitive function with aging and 
to protect against Alzheimer’s disease. A 6-month trial examined curcumin’s safety and its effects on 
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biochemical and cognitive measures on Alzheimer’s disease. Thirty-three patients were randomly 
assigned to receive 1–4 g of curcumin as capsule or powder. A rise of amyloid β40 levels in serum and 
a slower disease progression was observed in patients treated with curcumin. This finding indicated 
that curcumin disaggregates amyloid β40 deposits in the brain, releasing amyloid β40 for circulation and 
disposal. In addition, this study found no side effects from curcumin [88]. Not all studies have 
demonstrated benefits, although a 12-month randomized, placebo-controlled, double-blind study of 
1500 mg/d BiocurcumaxTM showed that most of the benefit was attributed to a significant decline in 
the placebo arm at 6 months as assessed by the Montreal Cognitive Assessment [79].

Most of the literature about nutraceuticals derived from spices discusses only curcumin, given that 
this spice may have potential against neurodegenerative diseases, owing to its strong anti- inflammatory 
and antioxidant properties. However, the potential of many other spices needs also to be explored. 
Therefore, more preclinical and clinical studies are urgently needed to fully explore the potential of 
spice-derived nutraceuticals as neuroprotective agents.

 Conclusion

Herbs and spices have been traditionally used in culinary practices and in traditional medicine for 
centuries. Among all the herbs reviewed in this chapter, green tea is the one with the most compelling 
evidence for health benefits in humans. Turmeric is the spice with more scientific evidence from human 
studies with potential health-promoting properties in cancer, cardiovascular diseases, neurodegenera-
tive disorders, and metabolic disorders. Despite the numerous studies regarding the health properties of 
green tea and turmeric, they still have not received neither the FDA nor the EFSA approval to prevent 
or treat disease. Daily intake of herbs and spices has the potential to contribute to a better health. 
However, there is a need for an increase in research in the mechanism of action (“phytochemomics”) 
and clinical trials, to improve the evidence-based regarding the efficacy of most herbs and spices.
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Key Points
• Chronic diseases such as obesity, diabetes, hypertension, and cardiovascular disease are 

among the most prevalent health conditions in the US that can be prevented with a healthy 
eating and drinking lifestyle.

• In order to prevent the public from being deceived and receiving misinformation about food 
and nutrition, they should consult with a registered dietitian.

• The Dietary Guidelines aim to promote health, prevent chronic disease, and help people 
reach and maintain a healthy weight.

• The right mix of what we eat and drink today can help us be healthier in the future, since 
everything we eat and drink matters in the long term.

• More than two thirds of all Americans use a computer or smartphone to find health informa-
tion for themselves or someone else, but choosing a mobile app can be challenging because 
the scientific evidence is limited for commercially available apps.

 Introduction

Chronic diseases such as obesity, diabetes, hypertension, and cardiovascular disease are among the 
most prevalent and preventable health conditions in the US. Nearly half of all Americans suffer from 
at least one chronic disease, and the number is steadily increasing [1]. A history of poor-quality eating 
and drinking patterns and physical inactivity has a cumulative effect and has contributed to significant 
nutrition and physical activity-related health challenges that affect the US population. Individuals 
need to understand that the food and beverage choices they make every day, and over a lifetime, mat-
ters. This is one reason the US Department of Health and Human Services (USDHHS) and the US 
Department of Agriculture (USDA) have worked jointly every 5 years for the past 35 years to develop 
the Dietary Guidelines for Americans. One purpose of the guidelines is to provide scientific, evidence- 
based food and beverage recommendations for people 2 years of age and older. The guidelines are a 

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-030-30892-6_7&domain=pdf
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tool for health professionals such as registered dietitians (RDs) to educate Americans on how to make 
healthy choices in their daily lives that will become good dietary habits. It is the goal that these habits 
will eventually promote overall health and reduce the risk of chronic disease across the life-span—all 
with a focus on disease prevention [2].

This chapter will first describe the qualifications that support the RD as the food and nutrition 
expert and explain how the RD can assist individuals in integrating healthy eating and drinking prac-
tices into their lifestyle using the recommendations from the 2015–2020 Dietary Guidelines for 
Americans (hereafter referred to as the Dietary Guidelines). Strategies for healthy eating using 
evidence- based dietary practices such as volumetrics, mindful eating, and intuitive eating will be 
discussed. This chapter will also provide information about credible food, nutrition, and health 
resources that individuals can use to increase their knowledge. The last section of this chapter includes 
information on using mobile health such as the Internet, social media, apps, and blogs to implement 
healthy dietary and fitness practices.

 The Food and Nutrition Expert

 What Is the Difference Between a Nutritionist and a Registered Dietitian (RD)?

The short answer is that RDs (also referred to as registered dietitian/nutritionists [RDNs]) are nutri-
tionists, but not all nutritionists are RDs. In many states, anyone can use the title “nutritionist” because 
there is no legal definition of a “nutritionist.” As a result, people with little or no formal education, 
supervised training, or work experience may practice as nutritionists, but they are not required to 
obtain continuing education to maintain professional competence. On the other hand, some states 
have licensure for RDs that prevent people from practicing as nutritionists. While there may be some 
good nutritionists, the RD credential ensures that the individual has a well-defined, science-based, 
standardized education and is required to complete mandatory continuing education to keep abreast 
of the latest developments in the field. In order to prevent the public from being deceived and receiv-
ing misinformation about food and nutrition, they should consult with a RD.

 When and How Is a RD Helpful in Promoting Healthy Eating and Drinking 
into Daily Life?

It is often difficult and challenging for some people to know what to believe about food, nutrition, 
and health since they are often bombarded with information from different sources such as the 
Internet, the media, social websites, and blogs—much of which may not be factual. The RD is a 
trusted source of credible food, nutrition, and health information who can dispel the myths and pro-
vide factual information. He/she can provide personalized service to individuals who want to improve 
their health by adopting a healthy eating and drinking lifestyle. With the assistance of the client, the 
RD can develop an eating plan using the Dietary Guidelines that are realistic and tailored to the cli-
ent’s needs and goals that are easy to follow and adhere to. He/she can also assist in meal planning 
and organize supermarket tours to make food shopping a fun, positive experience to teach the client 
how to identify a variety of healthful food and beverage options and how to read nutrition fact labels 
and ingredient lists. RDs can also develop educational materials using the Dietary Guidelines to 
promote healthy eating and drinking in a manner that is compelling, inspiring, empowering, and 
actionable for individuals and groups.

J. D. Burrowes and J. Wright
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 Integrating Healthy Eating into Daily Life

 Strategies for Healthy Eating

 Volumetrics

The basic principle of volumetrics is to eat a satisfying volume of food while controlling calories and 
meeting nutrient requirements [3]. This low-calorie, high-volume eating plan includes foods with a lot 
of water and fiber (e.g., fruits and vegetables), since both increase a sense of fullness. No food is 
banned in the volumetrics eating plan, and calorie-packed foods can be enjoyed as long as the recom-
mended calorie intake is met [3].

 Mindful Eating/Intuitive Eating

Choosing when, where, and how much to eat may be an arduous task for some people; it may become 
less stressful as one transitions away from diet-influenced, habitual ways of thinking about eating to 
more thoughtful approaches. Both mindful and intuitive eating are good dietary practices to improve 
one’s relationship with food and build healthier, long-term eating habits [4].

Mindful Eating

Mindful eating is not the same as intuitive eating, and the terms should not be used interchangeably. 
Eating mindfully is about awareness and intention (i.e., paying attention to our food, on purpose, 
moment by moment, without judgment) [4–6]. It is an approach to food that focuses on an individu-
als’ sensual awareness and experience with food. Mindful eating has little to do with calories, car-
bohydrates, fat, or protein. The basic core principle of mindful eating is to slow down while eating 
and to be fully aware of each plate or bite of food by examining all the tastes and textures of the 
food. It begins with the first thought about food and lasts until the final bite is swallowed, and the 
consequence of the food episode is experienced [4–6]. (See Table 7.1 for some helpful tips for 
practicing mindful eating.)

Table 7.1 Helpful tips for practicing mindful eating

Minimize distractions by turning off or silencing your devices and eating away from the television or computer or 
eating in the car
Become aware of the body’s hunger and fullness cues, and utilize these cues to guide the decision to begin and end 
eating as opposed to following a regimented diet plan
Take a moment to clear your head and appreciate the food that’s in front of you
Use all five of your senses to note the appearance, aroma, textures, flavors, and sounds of your food
As you eat your meal or snack, consider the five basic tastes that you are experiencing (i.e., umami, bitter, sweet, 
salty, and sour)
Notice the texture (i.e., is it crunchy or creamy, dry, or moist)
Set down the fork in between bites to slow down your pace (e.g., taking breaks during bites, chewing more slowly, 
taking a break to breathe and assess fullness)

Modified from: Food Insight. International Food Information Council (IFIC) Foundation [4]
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Intuitive Eating

The major principle underlying intuitive eating is to reject the diet mentality, adopting an “all foods 
fit mantra” and focusing on hunger cues (i.e., use instincts to decide when and how much food to eat) 
[4, 7]. The more we get “in tune” with our hunger cues, the better we become at choosing foods that 
are both nourishing and satisfying. Intuitive eating helps individuals find a balance between honoring 
their health with appropriate food choices, with being kind to themselves if they overeat or eat indul-
gent foods. It operates on the idea that we, as individuals, know what foods will make us feel best—
typically those are the same nutritious foods the Dietary Guidelines advise us to eat. (See Table 7.2 
for the principles of intuitive eating.)

 Resources for Healthy Eating

 Healthy Eating Guides

2015–2020 Dietary Guidelines for Americans

The Dietary Guidelines provide evidence-based food and beverage recommendations for 
Americans 2 years of age and older [2]. These recommendations aim to promote health, prevent 
chronic disease, and help people reach and maintain a healthy weight. Table 7.3 presents five rec-
ommendations from the Dietary Guidelines that should be applied in their entirety, given the 
interconnected relationship that each component has with the others to promote healthy eating 

Table 7.2 Ten principles of intuitive eating

1.  Reject the diet mentality:  Throw out the diets that offer false hope of losing weight quickly, easily, and 
permanently

2.  Honor your hunger:  Provide nutrition for your body before any feelings of excessive hunger manifest—intentions 
of moderation are irrelevant at this point

3.  Make peace with food:   Call a truce, stop the food fight! Provide unconditional permission to eat; can’t or 
shouldn’t foods lead to bingeing

4.  Challenge the food police:   Scream a loud “NO” to thoughts in your head that declare you’re “good” for eating 
minimal calories or you’re “bad” because you ate a piece of chocolate cake

5.  Respect your fullness:  Listen for the body signals that tell you that you are no longer hungry Observe the signs 
that show that you’re comfortably full. Pause in the middle of a meal or food, and ask yourself how the food tastes 
and what is your current fullness level

6.  Discover the satisfaction factor: Find pleasure and satisfaction in the eating experience. When you eat what you 
really want, in an environment that is inviting and conducive, you will find that it takes much less food to decide 
you’ve had “enough”

7.  Honor your feelings without using food: Find ways to comfort, nurture, distract, and resolve your issues without 
using food. Anxiety, loneliness, boredom, and anger are emotions that have their own triggers that food won’t fix. 
Eating for an emotional hunger will only make you feel worse in the long run. You’ll ultimately have to deal with 
the source of the emotion, as well as the discomfort of overeating

8.  Respect your body: Accept your genetic blueprint so you can feel better about who you are. It’s hard to reject the 
diet mentality if you are unrealistic and overly critical about your body shape

9.  Exercise—feel the difference: Get active and feel the difference. Shift the focus on how it feels to move your body, 
rather than the calorie burning effect of exercise

10.  Honor your health: Make food choices that honor your health and taste buds while making you feel well. It’s 
what you eat consistently over time that matters

Modified from: Intuitive Eating [47]
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patterns. A number of resources are available to assist individuals in implementing the Dietary 
Guidelines. These include information on cutting down on added sugars [8], saturated fats [9], and 
sodium [10]; how to build a healthy eating pattern [11]; and how to shift to healthier food and 
beverage choices [12].

MyPlate.Gov

MyPlate was developed to assist health professionals in promoting and implementing the Dietary 
Guidelines for the public so that individuals, families, and communities can become more aware of 
and educated about making healthy food and beverage choices over time [13]. MyPlate provides 
information about each of the target food groups (fruit [14], vegetables [15], grains [16], protein 
foods [17], and dairy [18]). It was created to be used in various settings and to be adaptable to the 
needs of specific population groups. This tool brings together the key elements of healthy eating 
patterns, translating the Dietary Guidelines into key consumer messages that can be used in educa-
tional materials for the public.

MyPlate is a reminder that individuals should find a healthy eating style and build it throughout 
their life-span. Eating healthy is a journey shaped by many factors, including stage of life, food prefer-
ences, budget, access to food, culture, traditions, and personal decisions made over time. The right 
mix of what you eat and drink today can help you be healthier in the future, since everything you eat 
and drink matters in the long term.

Table 7.3 Five guidelines from the 2015–2020 Dietary Guidelines for Americans that encourage healthy eating 
patterns

1.  Follow a healthy eating pattern across the life-span: All food and beverage choices matter. Choose a healthy 
eating pattern at an appropriate calorie level to help achieve and maintain a healthy body weight, support 
adequate nutrient, and reduce the risk of chronic disease
A healthy eating pattern includes:

•  A variety of vegetables from all of the subgroups—dark green, red, and orange, legumes (beans and peas), 
starchy, and other

•  Fruits, especially whole fruits
•  Grains, at least half of which are whole grains
•  Fat-free or low-fat dairy, including milk, yogurt, cheese, and/or fortified soy beverages
•  A variety of protein foods, including seafood, lean meats and poultry, eggs, legumes (beans and peas), nuts, 

seeds, and soy products
• Oils

2.  Focus on variety, nutrient density, and amount: To meet nutrient needs within calorie limits, choose a variety of 
nutrient-dense foods across and within all food groups in recommended amounts

3.  Limit calories from added sugars and saturated fats and reduce sodium intake: Consume an eating pattern low in 
added sugars, saturated and trans fats, and sodium. Cut back on foods and beverages higher in these components 
to amounts that fit within healthy eating patterns

•  Consume less than 10% of calories per day from added sugars
•  Consume less than 10% of calories per day from saturated fats
•  Consume less than 2300 milligrams (mg) per day of sodium
•  If alcohol is consumed, it should be consumed in moderation—up to one drink per day for women and up to 

two drinks per day for men—and only by adults of legal drinking age
4.  Shift to healthier food and beverage choices: Choose nutrient-dense foods and beverages across and within all 

food groups in place of less healthy choices. Consider cultural and personal preferences to make these shifts easier 
to accomplish and maintain

5. Support healthy eating patterns from all: Everyone has a role in helping to create and support healthy eating 
patterns in multiple settings nationwide, from home to school to work to communities

From: Office of Disease Prevention and Health Promotion [48]
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MyPlate Plan and MyPlate Tip Sheet

The MyPlate Plan [19] and MyPlate Tip Sheets [20] are resources available for the consumer to aid in 
using MyPlate. The MyPlate Plan, which is available in English and Spanish, is a personalized food 
plan that is based on the individual’s age, sex, height, weight, and level of physical activity. It provides 
a guide for what and how much to eat within the individual’s calorie allowance for each food group.

MyPlate Tip Sheets are for consumers to build a healthy eating style and maintain it for a lifetime; 
they are available in 19 different languages [20]. A MyPlate Tip Sheet that focuses on nutrients for 
healthy vegetarian eating is also available [21]. Individuals should choose foods and beverages from 
each MyPlate food group that is limited in sodium, saturated fat, and added sugars. The recommenda-
tions suggest starting with small changes to make healthier choices you can enjoy. (See Table 7.4 for 
ten tips to implementing MyPlate.)

Healthy Eating Patterns

Eating patterns, what we eat and drink on a daily basis, are at the core of the Dietary Guidelines. The 
USDA has developed three different food patterns (Healthy US-Style Eating Pattern, Mediterranean- 
Style Eating Pattern, and a Healthy Vegetarian Eating Pattern) to help individuals carry out the 
Dietary Guidelines; the latter two plans are adapted from the Healthy US-Style Eating Pattern. All 
eating patterns include 12 calorie levels (from 1000 to 3200) to meet the needs of individuals across 
the life- span [22].

The Healthy US-Style Pattern is based on the types and proportions of foods Americans typically 
consume but in nutrient-dense forms and appropriate amounts. The Healthy Mediterranean-Style 
Pattern modifies amounts recommended from some food groups (e.g., more fruits and seafood and 
less dairy) to more closely reflect eating patterns that have been associated with additional positive 

Table 7.4 Ten tips: Choose MyPlate

1.  Find your healthy eating style: Creating a healthy style means regularly eating a variety of foods to get the 
nutrients and calories you need. MyPlate’s tips help you create your own healthy eating solutions—“MyWins”

2.  Make half your plate fruits and vegetables: Eating colorful fruits and vegetables is important because they provide 
vitamins and minerals and most are low in calories

3.  Focus on whole fruits: Choose whole fruits—fresh, frozen, dried, or canned in 100% juice. Enjoy fruit with meals, 
as snacks or as a dessert

4.  Vary your veggies: Try adding fresh, frozen, or canned vegetables to salads, sides, and main dishes. Choose a 
variety of colorful vegetables prepared in healthful ways: steamed, sautéed, roasted, or raw

5.  Make half your grains whole grains: Look for whole grains listed first or second on the ingredients list—try 
oatmeal, popcorn, whole-grain bread, and brown rice. Limit grain-based desserts and snacks, such as cakes, 
cookies, and pastries

6.  Move to low-fat or fat-free milk or yogurt: Choose low-fat or fat-free milk, yogurt, and soy beverages (soymilk) to 
cut back on saturated fat. Replace sour cream, cream, and regular cheese with low-fat yogurt, milk, and cheese

7.  Vary your protein routine: Mix up your protein foods to include seafood, beans and peas, unsalted nuts and seeds, 
soy products, eggs, and lean meats and poultry. Try main dishes made with beans or seafood like tuna salad or 
bean chili

8.  Drink and eat beverages and food with less sodium, saturated fat, and added sugars: Use the Nutrition Facts label 
and ingredients list to limit items high in sodium, saturated fat, and added sugars. Choose vegetable oils instead of 
butter and oil-based sauces and dips instead of ones with butter, cream, or cheese

9.  Drink water instead of sugary drinks: Water is calorie-free. Non-diet soda, energy or sports drinks, and other 
sugar-sweetened drinks contain a lot of calories from added sugars and have few nutrients

10.  Everything you eat and drink matters: The right mix of foods can help you be healthier now and into the future. 
Turn small changes into your “MyPlate, MyWins”

From: US Department of Agriculture [49]
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health outcomes. The Healthy Vegetarian Pattern modifies amounts recommended from some food 
groups to more closely reflect eating patterns reported by self-identified vegetarians in the National 
Health and Nutrition Examination Survey (NHANES). This eating pattern can be vegan if all dairy 
choices are comprised of fortified soy beverages (soymilk) or other plant-based dairy substitutes [22].

 Additional Food, Nutrition, and Health Resources

Eight Healthy Eating Goals

The President’s Council on Sports, Fitness, and Nutrition (PCSFN) has identified small dietary 
changes that will make a big difference in overall health. They suggest incorporating one new healthy 
eating goal each week for 6 weeks into your diet (see Table 7.5) [23].

The Nutrition Facts Label

The Nutrition Facts Label is required by the US Food and Drug Administration (FDA) on most pack-
aged foods and beverages [24, 25]. The label provides detailed information about a food’s nutrient 
content, such as the amount of fat, sugar, sodium, and fiber it contains. As of January 1, 2020, the 
Nutrition Facts Label will be more informative; it will include updated information and a refreshed 
label design to make it easier for consumers to identify food choices that support a healthful diet. (See 
Table 7.6 for a quick guide to reading the new Nutrition Facts Label.)

Table 7.5 Eight healthy eating goals

1.  Make half your plate fruits and vegetables: Choose red, orange, and dark-green vegetables like tomatoes, sweet 
potatoes, and broccoli, along with other vegetables for your meals. Add fruit to meals as part of main or side 
dishes or as dessert. The more colorful you make your plate, the more likely you are to get the vitamins, 
minerals, and fiber your body needs to be healthy

2.  Make half the grains you eat whole grains: An easy way to eat more whole grains is to switch from a refined-grain 
food to a whole-grain food. For example, eat whole-wheat bread instead of white bread. Read the ingredients list 
and choose products that list a whole-grain ingredients first. Look for things like “whole wheat,” “brown rice,” 
“bulgur,” “buckwheat,” “oatmeal,” “rolled oats,” “quinoa,” or “wild rice”

3.  Switch to fat-free or low-fat (1%) milk: Both have the same amount of calcium and other essential nutrients as 
whole milk but fewer calories and less saturated fat

4.  Choose a variety of lean protein foods: Meat, poultry, seafood, dry beans or peas, eggs, nuts, and seeds are 
considered part of the protein foods group. Select leaner cuts of ground beef (where the label says 90% lean or 
higher), turkey breast, or chicken breast

5.  Compare sodium in foods: Use the Nutrition Facts label to choose lower sodium versions of foods like soup, bread, 
and frozen meals. Select canned foods labeled “low sodium,” “reduced sodium,” or “no salt added”

6.  Drink water instead of sugary drinks: Cut calories by drinking water or unsweetened beverages. Soda, energy 
drinks, and sports drinks are a major source of added sugar and calories in American diets. Try adding a slice of 
lemon, lime, or watermelon or a splash of 100% juice to your glass of water if you want some flavor

7.  Eat some seafood: Seafood includes fish (such as salmon, tuna, and trout) and shellfish (such as crab, mussels, and 
oysters). Seafood has protein, minerals, and omega-3 fatty acids (heart-healthy fat). Adults should try to eat at least 
eight ounces a week of a variety of seafood. Children can eat smaller amounts of seafood, too

8.  Cut back on solid fats: Eat fewer foods that contain solid fats. The major sources for Americans are cakes, 
cookies, and other desserts (often made with butter, margarine, or shortening); pizza; processed and fatty meats 
(e.g., sausages, hot dogs, bacon, ribs); and ice cream

From: US Department of Health and Human Services, President’s Council on Sports, Fitness, and Nutrition [23]
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Food and Nutrition Information Center (FNIC)

The Food and Nutrition Information Center (FNIC) is a leader in online global nutrition information. 
Located at the National Agricultural Library (NAL) of the USDA, the FNIC website contains over 
2500 links to current and reliable information about food and human nutrition. The FNIC strives to 

Table 7.6 Quick guide to reading the Nutrition Facts Label

1

2

3

4

Nutrition Facts
8 servings per container
Serving size

Amount per serving

Calories 230
% Daily Value*

10%

5%

0%

7%

13%

14%

20%

10%

20%

45%

6%

Total Fat 8g

Cholesterol 0mg

Sodium 160 mg

Protein 3g

Total Carbohydrate 37g

Saturated Fat 1g

Trans Fat 0g

Dietary Fiber 4g

Total Sugars 12g

Includes 10g Added Sugars

Vitamin D 2mcg

Calcium 260mg

Iron 8mg

Potassium 235mg

* The % Daily Value (DV) tells you how much a nutrient in
  a serving of good contributes to a daily diet. 2,000
  calories a day is used for general nutrition advice.

2/3 cup (55g)

1
Serving size: The number of servings will be more prominent with a larger and bolder font. Additionally, 
serving size will also be modified to better represent the portion consumed by most Americans. For 
instance, a single serving of ice cream will be modified from 1/2 cup to 2/3 cup. The label also includes 
the number of servings per container to help you calculate the calories and nutrients in the entire 
package. The serving sizes are not meant to tell people how much to eat

2
Calories: This is the most obvious change you will see. The calorie count of a single serving will now be 
the most prominent information on the label. You can use this information to compare similar products

3
Nutrients and daily values: The label must list the amounts of total fat, saturated fat, trans fat, cholesterol, 
sodium, total carbohydrate, dietary fiber, sugars, protein, vitamin D, calcium, iron, and potassium that are 
in one serving. “Added sugars” was added as a new category under “total sugars.” The daily value (DV) 
percent tells you how close you are to meeting your daily requirements for each nutrient based on a 
typical 2000-calorie-a-day diet. The DV can help you track whether you’re getting enough, or too much, 
of all the nutrients you need in a day. Daily values for nutrients such as sodium, dietary fiber, and vitamin 
D are being updated based on the research that was used to develop the 2015–2020 Dietary Guidelines 
for Americans

4
Nutrients to increase: The typical American diet is low in fiber, vitamin D, calcium, iron, and potassium. 
They’re listed on the label to encourage Americans to include more of these important nutrients in their 
diet. In addition to the percentage of the daily value, manufacturers will be required to list the actual 
milligrams or micrograms contained within the serving

Adapted from: US Department of Agriculture [24, 25]
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serve the professional community (including educators, health professionals, and researchers) by pro-
viding access to a wide range of trustworthy food and nutrition resources from both government and 
non-government sources [26].

International Food Information Council (IFIC) Foundation

The mission of the International Food Information Council (IFIC) Foundation is dedicated to effec-
tively communicating science-based information on health, nutrition, and food safety for the public 
good. The Foundation serves as a nutrition and food safety resource for consumers, health profession-
als, journalists, educators, government officials, and students. It provides important, timely, and con-
sumer-friendly resources on a variety of topics such as weight management, diet (food) and health, 
food safety, food production, international food issues, and science communications [4].

 Integrating Healthy Beverages into Daily Life

Beverage choices are important for good health and nutrition. There are a lot of beverage choices 
available today, which makes it difficult for the average consumer to decide which one(s) to choose. 
The amount of sugar, calories, and nutrients in these products can vary considerably.

When it comes to quenching your thirst with a healthy, zero-calorie, low-cost, and easily accessible 
beverage (for most people), plain tap water is undoubtedly the winner. Water is the most commonly 
consumed beverage, and drinking enough water every day is good for overall health. Water provides 
everything the body needs to restore fluids lost through metabolism, breathing, and sweating, espe-
cially during exercise, and for removing wastes from the body. Water also helps to prevent dehydra-
tion. Although there is no general recommendation for how much plain water adults and youth should 
drink daily, the Dietary Reference Intake for total water (from all beverages and foods) for women is 
about 2.7 L (about 11 cups) each day and for men about 3.7 L (about 15 cups) each day. This is not a 
daily target, but a general guide [27].

After water, tea and coffee are the other two most commonly consumed beverages. Plain tea and 
coffee are calorie-free beverages that are loaded with antioxidants, flavonoids, and other biologically 
active substances that may be beneficial for good health [28, 29]. The addition of cream, sugar, whipped 
cream, and/or flavorings can turn coffee or tea from a healthful beverage into one that is not so health-
ful. For example, a 16-ounce Cinnamon Roll Frappuccino Blended Coffee with dolce syrup, white 
chocolate mocha sauce, and vanilla bean, topped with whipped cream and a cinnamon dolce sprinkle, 
contains 500 calories, 16 grams of saturated fat, and 83 grams of sugar—the equivalent of 21 teaspoons 
of sugar [30], which is about three times the daily recommended intake of added sugars [31].

Sugar-sweetened beverages such as soda, energy drinks, sports drinks, fruit drinks, sweetened cof-
fee and tea, and flavored waters with added sugar have calories and sugar, but little or no nutritional 
value. Sports drinks were originally developed for athletes to provide them with carbs, electrolytes 
(particularly sodium and potassium), and fluid during high-intensity workouts or playing hard or 
exercising for an hour or more on hot days. However, for the average individual, sports drinks are just 
another source of sugar and calories [32].

Consumers are seeking alternatives to sugar-sweetened beverages and looking for healthy bever-
age options. Homemade plain flavored water is a healthy alternative to bottled beverages. They can 
be infused with fruits and vegetables such as lemons, oranges, berries, and cucumbers. Plant-based 
waters, also referred to as alternative waters, are also increasing in popularity. These include coco-
nut, aloe vera, cactus, maple, and birch water [33]. However, depending on the plant type, water can 
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be extracted or processed in many different ways. There is no standard definition for plant waters, 
and, depending on how the product is labeled, it may or may not be regulated by the FDA on nutri-
ents and required labeling. These alternative waters have some nutritional value, but they also have 
calories [34].

Energy drinks are marketed to improve energy, stamina, athletic performance, and concentration. 
Most energy drinks contain similar ingredients including water, sugar, caffeine, nonnutritive stimu-
lants (e.g., guarana, ginseng, yerba mate, taurine, l-carnitine, d-glucuronolactone, and inositol), and 
certain vitamins and minerals. The amount of sugar contained in one can (500 mL or 16.9 oz) of an 
energy drink is typically about 54 g [35]. In addition, some of these beverages may contain more than 
500 mg of caffeine per 8-ounce serving [36], an amount equivalent to about 14 cans of cola. As a 
result, energy drinks can have serious health risks for children and adolescents, including increased 
heart rate and blood pressure, disrupted sleep, increased anxiety, irregular heart rhythms, seizures, and 
even death [37].

Diet sodas and other diet drinks are sweetened with calorie-free sugar substitutes such as aspar-
tame (Equal®, NutraSweet®), saccharin (Sweet’N Low®), sucralose (Splenda®), or stevia. These diet 
drinks are a better choice than sugar-sweetened soft drinks because they are lower in calories [34]. 
(See Table 7.7 for a list of better beverage choices.)

 Using the Internet and Social Media to Implement Healthy Dietary Patterns

Mobile health (mHealth) “is the use of mobile and wireless devices to improve health outcomes, 
healthcare services and health research” [38]. The use of mHealth includes short message service 
(SMS) known as text messages, mobile applications (apps), wearable devices, social media, and the 
Internet. Today, nearly 90% of all US adults use the Internet, an increase in 30% since early 2000 when 
the Pew Research Center started tracking Internet use by Americans [39]. Additionally, 77% of US 
adults own a smartphone [40]. In the most recent Health Information National Trends Survey (HINTS 
2017) collected by the National Cancer Institute, 67.3% and 54.2% of Americans reported using a 
computer or smartphone to find health information for themselves or someone else, respectively [41].

Table 7.7 Better beverage choices made easy

Now that you know how much difference a drink can make, here are some ways to make smart beverage choices:
  Drink water instead of sugar-sweetened beverages. Regular soda, energy or sports drinks, and other sweet drinks 

usually contain a lot of added sugar, which provides more calories than needed. Diet or low-calorie beverages 
instead of sugar-sweetened beverages are also an option

  For a quick, easy, and inexpensive thirst-quencher, carry a water bottle and refill it throughout the day
  Don’t “stock the fridge” with sugar-sweetened beverages. Instead, keep a jug or bottles of cold water in the fridge
  Drink water with and between meals. Adults and children take in about 400 calories per day as beverages; drinking 

water can help you manage your calories
  Make water more exciting by adding slices of lemon, lime, cucumber, or watermelon, or drink sparkling water
  Add a splash of 100% juice to plain sparkling water for a refreshing, low-calorie drink
  When you choose milk or milk alternatives, select low-fat or fat-free milk or fortified soymilk. Each type of milk 

offers the same key nutrients such as calcium, vitamin D, and potassium, but the number of calories are very 
different

  When you do opt for a sugar-sweetened beverage, go for the small size. Remember to check the serving size and 
the number of servings in the can, bottle, or container to stay within calorie needs. Select smaller cans, cups, or 
glasses instead of large or supersized options

  Be a role model for your friends and family by choosing healthy, low-calorie beverages
Adapted from: Centers for Disease Control and Prevention [50]
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 Apps

In 2016, 3.2 billion mHealth apps were downloaded worldwide [42]. Nutrition apps are included in 
the mHealth market. A variety of nutrition apps are available with features that allow users to set goals 
and track daily food intake. Self-monitoring is associated with weight loss in behavior-based pro-
grams. In younger women, apps were more acceptable compared to paper-based food logs; therefore, 
they may increase adherence [43]. The use of mHealth apps in college-age students may also have a 
positive effect on eating behavior, particularly when more than one app is used [44]. Many of the 
mHealth apps provide dietary information about macro- and micronutrients, and users are able to find 
recipes and create grocery lists and meal plans. Scientific evidence is usually available for apps that 
are created primarily for research. Therefore, choosing an app can be challenging because the scien-
tific evidence is limited for commercially available apps.

 Tracking Dietary Intake

Dietary tracking apps allow users to set a profile and calorie goals based on a formula using height, 
weight, gender, age, activity, and goals for weight loss, maintenance, or gain. Some allow users to 
change these values or have the flexibility to adjust the macronutrients in the diet plan. Most allow 
users to enter foods into the logs by searching for the food in the database or by bar scan. These apps 
provide the user with nutrient information in the form of calories, macronutrients, and some micronu-
trients. Most apps today have a community for users to connect to and share progress or get help. The 
following are the most popular apps that track dietary intake with their unique features.

MyFitnessPal

Platform: Apple, Android
Free or paid subscription ($9.99/month or $49.99/year)
MyFitnessPal is an app that has a large food database with the ability to import recipes and log 

restaurant menu items. It also has a blog that is released daily to inspire and motivate users.
Special features:

• Easy to change calorie levels if working with a nutrition professional or doctor
• Sharing diary with users who have a “key”
• Sync with fitness devices
• Set goals by calorie, weight, or nutrient (e.g., sodium)
• Track progress
• Includes challenges for those who are inspired by competition

Paid features:

• Set specific macronutrient goals (e.g., fat, carb, protein).
• Export files
• Get information about eating behaviors

Lifesum

Platform: Apple, Android
Free or paid subscription ($21.99/3 months, $34.99/6 months, or $44.99/year)
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Lifesum is clean and user-friendly with tracking tools and recipes; the app also delivers extra tips 
and reminders to motivate users. The app allows users to integrate with social media to connect with 
friends for added motivation and inspiration.

Special features:

• Provides a classic diet plan (50% carbohydrate, 20% protein, and 30% fat) that cannot be changed 
in the free app

Paid features:

• Sync with fitness devices
• Specialized diets
• Detailed nutrition information
• Photo tracking—snap a picture of food and get nutritional details
• Weekly tips
• Individualized meal plan

Lose It

Platform: Apple, Android
Free and paid subscription ($39.99/year)
Lose It is a user-friendly app that allows users to set goals for weight and keep track of their daily 

intake.
Special features:

• Easy to change calorie levels if working with a nutrition professional or doctor
• Pie chart visual for macronutrients
• Inspiration provided with badges
• Snap It photo capture technology—search database by photograph

Paid features:

• Sync with fitness devices
• Track carbs
• Learn about calories and macronutrients
• View calorie and macronutrient trends
• Includes challenges for those who are inspired by competition

Fooducate

Platform: Apple, Android
Free and paid subscription ($9.99/month, $49.99/year, $99.99/lifetime).
Fooducate has a health tracker, food finder, community, healthy recipes, and diet tips. A summary 

of solid versus liquid calories, water consumption, real foods, macronutrients, sugars, and added sug-
ars is provided. The app has sections on the community, recipes, and diet tips. The diet tips section is 
a blog where nutrition information is provided for users regarding healthy eating.

Special features:

• Easy to change calorie levels if working with a nutrition professional or doctor.
• Uses a foodpoint system whereby foods with lower foodpoints are considered healthier.
• Foods in the database are given grades of “A” through “D”; this grading system was developed by 

nutrition scientists and RDs.
• An alternative tab is available for each food showing ten similar foods with better grades.
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Paid features:

• Special diet plans are available such as gluten free and diets for those with food allergies.
• Tracking for more nutrients and also blood pressure, serum cholesterol, triglycerides, and other 

measures.
• Export data.
• “Learn from the experts” tab.
• Dietary help for the family pet.

 Watches

Electronic wearable fitness devices or watches are activity monitors that track health-related metrics 
such as heart rate and distance traveled, but some also allow users to monitor calorie consumption. In 
2017, consumer surveys found that 30% of US respondents owned an electronic wearable device and 
44% used it daily [45]. As of 2016, the most popular electronic wearable device was Fitbit, which has 
47% of the market [46].

 Fitbit

The Fitbit is a small black band that measures movement. However, for dietary intake, the user needs 
to use the Fitbit app. Users do not need to have a Fitbit to use the app, but having a Fitbit allows the 
user to sync their Fitbit to the app so that calories and activity are automatically tracked. The website 
allows users to check compatibility of devices such as Android or Apple (https://www.fitbit.com/
devices). The app dashboard shows the user the number of steps, floors, miles, calories, and minutes 
of activity for the day. There are buttons to track exercise, sleep, female health, weight, water intake, 
and log food intake.

Special features:

• Dashboard can be modified so the user can have the most used features on top.
• Diet tracker shows “calories in” versus “calories out” in graphical format.
• Macronutrient data is provided in chart form.

 iWatch

The iWatch is a smartwatch that lets users take phone calls, text messages, listen to music, get e-mails, 
and track activity. Although users cannot directly track calories on the device, this minicomputer 
allows users to access apps on the screen. Many apps will sync to the iWatch, and some apps will con-
nect through Apple’s Health app, which can sync with iWatch.

 Blogs

Blogs provide information that can be created by reputable sources or, in some cases, by people 
just sharing experiences. The Pew Research Center found that as of 2018, 98% of 18–49-year-olds 
are using the Internet and 87% of 50–64-year-olds are online. However, the age group over 65 uses 
the Internet the least at 66%, but this value has been increasing each year the survey has been 
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administered [39]. In the 2017 HINTS data, approximately half of the respondents stated that they 
used the Internet to search for diet, weight, or physical activity information [41]. The blogs listed 
here are reliable sources of nutrition information.

 President’s Council on Sports, Fitness, and Nutrition

The USDHHS maintains the PCSFN website and blog at https://www.hhs.gov/fitness/index.html. 
Because this chapter focuses on nutrition and not physical activity, the “Eat Healthy” section of the 
website will be discussed. In this section there are four subsections: (1) Importance of Good Nutrition, 
(2) How to Eat Healthy, (3) School Breakfast Program, and (4) Dietary Guidelines for Americans. The 
blog, which can be accessed by the link in the navigation on the left, has an archive and search func-
tion. Users can search the tags including childhood obesity, fitness and nutrition, MyPlate, National 
Nutrition Month, and nutrition.

 USDA: Food and Nutrition Blog

The USDA has a large blog that covers many topics. One of the topic areas is food and nutrition, 
which can be accessed at https://www.usda.gov/media/blog/category/food-and-nutrition. In this blog, 
readers will find information about various topics including child nutrition programs, dietary health, 
food security, and nutritional policies and programs. In the health and safety topic area of the blog, 
which can be accessed at https://www.usda.gov/media/blog/archive/category/health-and-safety, read-
ers can find information about preventing food-borne illness. Archives are available and readers can 
search by topic or by month.

 Summary and Conclusion

With nearly half of all Americans suffering from at least one chronic disease [1], this chapter described 
the qualifications of the RD as the nutrition expert and how the RD can assist individuals in integrat-
ing healthy eating and drinking practices into their lifestyle using recommendations from the Dietary 
Guidelines. Additionally, strategies for healthy eating using evidenced-based practices were intro-
duced along with information about credible food, nutrition, and health resources, and mHealth tech-
nologies such as apps for dietary tracking, watches, and blogs. Using the resources to choose the right 
mix of food and beverages can help individuals live a healthier life.
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Aerobic Physical Activities
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Key Points
• The list of the health and fitness benefits of aerobic physical activity has continuously 

expanded, and the evidence supporting those benefits has strengthened. Practicing regular 
moderate-intensity aerobic physical activities decreases the risk of many of the most com-
mon chronic diseases and symptoms, and systematic aerobic exercise training is often a 
beneficial part of the treatment and rehabilitation of those conditions.

• Walking is the most basic of aerobic activities, and brisk walking brings most of the health and 
fitness benefits ascribed to aerobic physical activity. Furthermore, walking is acceptable, prac-
tical, affordable, cost-effective, and safe activity that can be practiced in many variations. 
Thus, walking is probably the most suitable physical activity for the largest number of adults.

• Increasing evidence indicates that regular cycling, particularly as a mode of transport, offers 
health and fitness benefits corresponding to those of walking. However, safe and convenient 
cycling requires skills, adequate function of many senses, knowledge of traffic rules, and 
suitable infrastructure.

• Currently there is only fragmentary scientific information of the health benefits of most other 
aerobic physical activities such as swimming, cross-country and roller skiing, orienteering, 
ordinary and roller skating, rowing, canoeing, many forms of dancing, and recreationally 
practiced ballgames such as tennis, badminton, squash, golf, and football.

• Walking and cycling offer substantial possibilities to decrease the wide gap of physical activ-
ity among the adults in the USA and most other countries.

I. M. Vuori (*) 
The UKK Institute for Health Promotion Research, Tampere, Finland

 Aerobic Physical Activity Definition

Aerobic literally means “with oxygen,” referring to the use of oxygen in muscles’ energy-generating 
processes. Oxygen is needed to metabolize carbohydrates and fatty acids to produce adenosine tri-
phosphate (ATP), the basic fuel for all cells. These pathways are the main source of energy for aerobic 
physical activities that are defined as those in which the body’s large muscles move in a rhythmic 
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manner for a sustained duration. These modes of physical activity are also called endurance activities. 
Examples include walking, jogging, running, bicycling, dancing, swimming and other aquatic activi-
ties, and rowing. This chapter focuses on the two most scalable and widely practiced modes of aerobic 
physical activity, walking and cycling.

 Principles of Practice and Training of Aerobic Activities

Aerobic activities are the main part of physical activity in domestic chores, going to errands, transport, 
and leisure. Aerobic activities can also be practiced as planned, structured, repetitive, and purposive 
“exercise” or “exercise training,” generally performed during leisure time to achieve fitness or health 
benefits.

Aerobic physical activities and exercise can cause gradual changes in body structure and metabo-
lism that enhance health and fitness. These effects can be produced effectively and predictably when 
the following principles of exercise training are considered:

• Overload: physical activity that exceeds the individual’s habitual level is needed to bring health- 
enhancing adaptive changes. Overload can be regulated by manipulating frequency (how often), 
intensity (how hard), duration (how long at a time), and type of activity. This is also called the FITT 
principle (Frequency, Intensity, Time, Type) of training. Because different people have been previ-
ously exposed to different physical loading, the overload varies between individuals. Thus, for 
sedentary individuals and seniors, a smaller absolute loading is required for overload that is neces-
sary for physically active and young people. Therefore, especially the intensity of physical activity 
or exercise is often expressed as a relative measure, e.g., as percentage of a person’s maximal 
functional capacity or maximal heart rate.

• Progression: when exercise training causes adaptive changes, the same dose of activity will cause 
gradually less overloading. In order to maintain the sufficient amount of overloading, the exercise dose 
has to be increased gradually. This is known as the principle of progression of exercise training.

• Diminishing returns: when the exercise dose is continuously increased, the gained benefits in terms 
of fitness, functional capacity, or health gradually decrease for each increment of the exercise dose. 
Therefore, the gained benefits are greater in the beginning of an exercise program and decrease 
with time. The exercise dose of athletes has to be very large in order to achieve small – but often 
significant – improvements in performance capacity.

• Specificity: adaptive changes develop only or nearly only in the organs and functions that are over-
loaded by the specific activity. Therefore, aerobic and resistance training produce largely different 
effects. Many aerobic activities such as walking and cycling load mainly the same muscles and 
energy-producing functions. Therefore, they can be considered as nonspecific modes of activities 
regarding their effects on health. However, activities such as walking and rowing distribute the load 
to partly different muscles and produce partly different specific effects, especially in terms of the 
musculoskeletal structural change and in the performance capacity.

• Reversibility: all training effects diminish or disappear gradually when the overload decreases or 
ceases. These changes take place rapidly, in days for metabolic functions, and more gradually, even 
in months to years, for organ structures, particularly for bones.

• Individual variability: the effects of physical activity and exercise training show large variation 
between individuals due to genetic factors, age, gender, nutrition, and previous level and modes of 
physical activities. Given the same physical activity, some individuals may show no effects on 
aerobic fitness, blood pressure, or blood cholesterol, whereas others may have significant changes 
in these parameters. Therefore, the recommendations for exercise – intended for populations – 
should not be implemented broadly but instead should account for variability by tailoring the 
exercise program to the individual.

I. M. Vuori
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 Guidelines for Aerobic Physical Activity

In 2008 the US Department of Health and Human Services issued guidelines of aerobic physical 
activity for adults (https://health.gov/paguidelines/2008/pdf/paguide.pdf). The complete guidelines 
included also statement on resistance exercise. In 2018 the second edition of the guidelines was issued 
based on the report and recommendations by the Physical Activity Guidelines Advisory Committee 
[73]. A summary of the new guidelines was published by Piercy et al. [74]. These guidelines update 
the previous ones issued in 2008 and expand them by including additional medical conditions for 
which strong or moderately strong scientific evidence supports physical activity. A summary of the 
key guidelines for adults, older adults, for women during pregnancy and the postpartum period, and 
for adults with a chronic health condition or a disability is shown below.

Key guidelines for adults:

• Adults should move more and sit less throughout the day. Some physical activity is better than 
none. Adults who sit less and do any amount of moderate-to-vigorous physical activity gain some 
health benefits.

• For substantial health benefits, adults should do at least 150 minutes (2 hours and 30 minutes) to 
300 minutes (5 hours) a week of moderate-intensity (such as brisk walking), 75 minutes (1 hour 
and 15 minutes) to 150 minutes (2 hours and 30 minutes) a week of vigorous-intensity aerobic 
physical activity, or an equivalent combination of moderate- and vigorous-intensity aerobic activ-
ity. Preferably, the aerobic activity should be spread throughout the week.

• Additional health benefits are gained by doing physical activity beyond the equivalent of 300 min-
utes (5 hours) of moderate-intensity physical activity a week.

• Adults should also do muscle-strengthening activities of moderate or greater intensity that involve all 
major muscle groups on 2 or more days a week, as these activities provide additional health benefits.

Key guidelines for older adults:
The key guidelines for adults also apply to older adults. In addition, the following key guidelines 

are just for older adults:

• As part of their weekly physical activity, older adults should do multicomponent physical activity 
that includes balance training as well as aerobic and muscle-strengthening activities.

• Older adults should determine their level of effort for physical activity relative to their level of 
fitness.

• Older adults with chronic conditions should understand whether and how their conditions affect 
their ability to do regular physical activity safely.

• When older adults cannot do 150 minutes of moderate-intensity aerobic activity a week because of 
chronic conditions, they should be as physically active as their abilities and conditions allow.

Key guidelines for women during pregnancy and the postpartum period:

• Women should do at least 150 minutes (2 hours and 30 minutes) of moderate-intensity aerobic 
activity a week during pregnancy and the postpartum period. Preferably, aerobic activity should be 
spread throughout the week.

• Women who habitually engaged in vigorous-intensity aerobic activity or who were physically 
active before pregnancy can continue these activities during pregnancy and the postpartum period.

• Women who are pregnant should be under the care of a health-care practitioner who can monitor 
the progress of the pregnancy. Women who are pregnant can consult their health-care practitioner 
about whether or how to adjust their physical activity during pregnancy and after the child is born.

Key guidelines for adults with chronic health conditions and adults with disabilities:

• Adults with chronic conditions or disabilities, who are able, should do at least 150 minutes (2 hours 
and 30 minutes) to 300 minutes (5 hours) a week of moderate-intensity (such as walking on brisk 
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pace for them), 75 minutes (1 hour and 15 minutes) to 150 minutes (2 hours and 30 minutes) a 
week of vigorous-intensity aerobic physical activity, or an equivalent combination of moderate- 
and vigorous-intensity aerobic activity. Preferably, aerobic activity should be spread throughout 
the week.

• Adults with chronic conditions or disabilities, who are able, should also do muscle-strengthening 
activities of moderate or greater intensity that involve all major muscle groups on 2 or more days 
a week, as these activities provide additional health benefits.

• When adults with chronic conditions or disabilities are not able to meet the above key guidelines, 
they should engage in regular physical activity according to their abilities and should avoid 
inactivity.

• Adults with chronic conditions or symptoms should be under the care of a health-care practitioner. 
People with chronic conditions can consult a health-care professional or physical activity specialist 
about the types and amounts of activity appropriate for their abilities and chronic conditions.

The key component of the recommended dose is the intensity of physical activity, light, moderate, 
and vigorous. The intensity can be assessed using objective and subjective measures and in relative 
and absolute terms. Relative intensity refers to the level of effort in relation to the person’s maximal 
capacity required to do the activity. When using relative intensity, people pay attention to how  physical 
activity affects their breathing and heart rate. The talk test is a simple way to measure relative inten-
sity. In general, moderate-intensity activity allows one to talk, but not sing, during the activity. During 
vigorous-intensity activity, one is not able to say more than a few words without pausing for a breath.

Absolute intensity refers to the amount of energy the person uses per minute of activity, which is 
commonly expressed as oxygen consumption (VO2). At rest, while sitting quietly, the energy expen-
diture of a person is typically 3.5 ml/kg per minute or one metabolic unit (MET). Intensity of exercise 
can be expressed as multiples of the resting energy expenditure in METs. Physical activity requiring 
1.6–3 METs is classified as light, 3 to less than 6 METs as moderate, and 6–10 METs as vigorous. 
Examples of moderate-intensity aerobic activity are walking briskly (3 miles per hour or faster, but 
not race-walking), bicycling slower than 10 miles per hour, water aerobics, general gardening, tennis 
(doubles), and ballroom dancing. Examples of vigorous aerobic activities include race-walking, jog-
ging, or running, hiking uphill or with a heavy backpack, bicycling 10 miles per hour or faster, cross- 
country skiing, high-impact aerobics, heavy gardening (continuous digging or hoeing), snow clearing, 
swimming laps, tennis (singles), aerobic dancing, and jumping rope. More examples can be found in 
a comprehensive list of activities [1]. Other methods of measuring intensity of physical activity 
include various ways to measure and interpret heart rate during the activity and assessment of per-
ceived exertion using some of the standardized rating scales such as the Borg scale [6]. Based on the 
scientific evidence published since 2008 and summarized below, the report of the Physical Activity 
Guidelines Advisory Committee emphasizes the value of reducing inactivity even if the 150- to 
300-minute weekly target range is not achieved.

• For individuals who perform no or little moderate-to-vigorous physical activity, replacing seden-
tary behavior with light-intensity physical activity reduces the risk of all-cause mortality, cardio-
vascular disease incidence and mortality, and the incidence of type 2 diabetes. Before this report, 
evidence that light-intensity physical activity could provide health benefits had not been clearly 
stated.

• Individuals who perform no or little moderate-to-vigorous physical activity, no matter how much 
time they spend in sedentary behavior, can reduce their health risks by gradually adding some or 
more moderate-intensity physical activity.

• For individuals whose amount of moderate-to-vigorous physical activity is below the current pub-
lic health target range of 150–300 minutes of moderate-intensity physical activity a week, even 
small increases in moderate-intensity physical activity provide health benefits. There is no thresh-
old that must be exceeded before benefits begin to occur.
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• For individuals whose physical activity is below the current public health target range, greater 
benefits can be achieved by reducing sedentary behavior, increasing moderate-intensity physical 
activity, or combinations of both.

• For any given increase in moderate-to-vigorous physical activity, the relative gain in benefits is 
greater for individuals who are below the current public health target range than for individuals 
already within the physical activity target range. For individuals below the target range, substantial 
reductions in risk are available with relatively small increases in moderate-intensity physical 
activity.

• Individuals already within the physical activity target range can gain more benefits by doing more 
moderate-to-vigorous physical activity. Individuals within the target range already have substantial 
benefits from their current volume of physical activity.

• Bouts, or episodes, of moderate-to-vigorous physical activity of any duration may be included in the 
daily accumulated total volume of physical activity. The 2008 guidelines recommended accumulat-
ing moderate-to-vigorous physical activity for 10 minutes or more, because insufficient evidence 
was available to support the value of activity duration less than 10 minutes. The 2018 Committee 
concludes that any length of moderate-to-vigorous physical activity contributes to the health bene-
fits associated with the accumulated volume of physical activity. The recent systematic reviews and 
meta-analyses of Chastin et al. [8] and Amagasa et al. [2] came largely to the same conclusion.

In summary, the revised physical activity guidelines emphasize that some physical activity is better 
than none.

 Health-Enhancing Effects of Aerobic Activities

During the past few decades, the list of the health and fitness benefits of aerobic physical activity has 
continuously lengthened, and the evidence supporting those benefits has strengthened. Strong or at 
least moderate scientific evidence indicates that practicing regular moderate-intensity aerobic physi-
cal activities such as walking and cycling is associated with a number of preventive benefits by 
decreasing the risk of many common diseases. A major part of these benefits is shown in Table 8.1. As 
a therapy, systematic and preferably supervised aerobic exercise training is often beneficial as part of 
the treatment or rehabilitation of conditions such as coronary artery disease, heart failure, stroke, 
peripheral arterial disease, obesity, type 2 diabetes, chronic obstructive pulmonary disease, breast, 
colon and other cancers, chronic kidney disease, fibromyalgia, low back pain, osteoarthritis of the 
knee and hip, cognitive impairment, dementia, depressive symptoms and depression, and anxiety. 
Importantly, in the large number of people that already have one or more chronic conditions, regular 
physical activity can reduce the risk of developing an additional condition, decrease the risk of pro-
gression of the existing condition(s), and improve functional capacity and quality of life [29, 36, 68, 
71, 73, 82, 88].

Because a wide array of significant benefits for large numbers of adult and elderly people can be 
achieved with low cost, and relatively safe physical activity, some researchers have named exercise as 
“the Best Buy of Public Health” [58] or “the Real Polypill” [22]. In addition to the objectively mea-
surable effects discussed above, physical activity and exercise cause several short- and long-term 
subjective, perceived effects such as improved well-being, relaxation, and stress tolerance. For large 
numbers of people, these perceived effects are the primary reasons to engage in physical activity or 
systematic exercise training. However, the scientific evidence to predict these effects especially at the 
individual level is weak because of the large number of poorly known and poorly understood tempo-
rary and long-term individual and environmental factors. Therefore, in physical activity counseling 
delivered in health-care systems, the biological effects are frequently emphasized rather than the qual-
ity of life benefits that may be most valued by the patients.
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Table 8.1 Physical activity-related health benefits for the general population and selected populations [73]

Adults, all ages
All-cause mortality Lower risk

Cardiometabolic conditions Lower cardiovascular incidence and mortality 
(including heart disease and stroke)
Lower incidence of hypertension
Lower incidence of type 2 diabetes

Cancer Lower incidence of bladder, breast, colon, 
endometrium, esophagus, kidney, stomach, and lung 
cancers

Brain health Reduced risk of dementia
Improved cognitive function
Improved cognitive function following bouts of aerobic 
activity
Improved quality of life
Improved sleep
Reduced feelings of anxiety and depression in healthy 
people and in people with existing clinical syndromes
Reduced incidence of depression

Weight status Reduced risk of excessive weight gain
Weight loss and the prevention of weight regain 
following initial weight loss when a sufficient dose of 
moderate-to-vigorous physical activity is attained
An additive effect on weight loss when combined with 
moderate dietary restriction

Older adults

Falls Reduced incidence of falls
Reduced incidence of fall-related injuries

Physical function Improved physical function in older adults with and 
without frailty

Women who are pregnant or postpartum

During pregnancy Reduced risk of excessive weight gain
Reduced risk of gestational diabetes
No risk to fetus from moderate-intensity physical 
activity

During postpartum Reduced risk of postpartum depression
Individuals with pre-existing medical conditions

Breast cancer Reduced risk of all-cause and breast cancer mortality
Colorectal cancer Reduced risk of all-cause and colorectal cancer 

mortality
Prostate cancer Reduced risk of prostate cancer mortality
Osteoarthritis Decreased pain

Improved function and quality of life
Hypertension Reduced risk of progression of cardiovascular disease

Reduced risk of increased blood pressure over time
Type 2 diabetes Reduced risk of cardiovascular mortality

Reduced progression of disease indicators: hemoglobin 
A1c, blood pressure, blood lipids, and body mass index

Multiple sclerosis Improved walking
Improved physical fitness

Dementia Improved cognition
Some conditions with impaired executive function 
(attention deficit, hyperactivity disorder, schizophrenia, 
multiple sclerosis, Parkinson’s disease, and stroke)

Improved cognition
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 Walking and Cycling Introduction

Walking is the basic mode of human movement and most prevalent physical activity. In some coun-
tries and in some population groups, cycling is also a common mode of movement. Both walking and 
cycling load mainly the lower extremities; beginning at low and moderate speed, they are nearly 
exclusively aerobic. As a result, on comparable dose of activity, the health- and performance-related 
effects of walking and cycling are in large extent similar. However, walking increases performance 
especially for various walking-type activities and cycling performance especially for activities includ-
ing some modes of cycling. Both are used for utilities, transport, and leisure.

 Walking and Cycling Evidence for Health Benefits

Scientific evidence supporting the benefits of walking comes largely from observational studies and 
is related especially to cardiovascular health [5, 32, 33, 41, 53, 59, 69] but also metabolic diseases and 
obesity [26, 40, 52], chronic low back pain [82, 88], chronic musculoskeletal pain [61], low bone 
mineral density at the femoral neck [51], and hip fracture [18]. Studies analyzing specifically the 
effects of walking interventions show significant positive effects on many cardiovascular risk factors 
and physical fitness. These changes are caused by widely varying walking programs and even by 
modest amounts and light intensity of walking [65]. Thus, the evidence from both observational and 
intervention studies supports the use of habitual walking as an effective and feasible health-enhancing 
physical activity.

Evidence of the health benefits of regular cycling has increased and strengthened gradually over 
time. These benefits are related mainly to cardiovascular, metabolic health, and performance capac-
ity. They are caused especially by cycling done as a mode of transport [7, 12, 13, 23, 28, 30, 41, 42, 
45, 62, 67, 76, 77, 81, 89]. At present the accumulated evidence indicates that regular cycling, 
included in part as a convenient form of transport, offers possibilities to significantly enhance health 
and fitness.

In the context of many similarities, there are also important differences between walking and 
cycling. Walking is a natural, inherited way of moving on any solid ground without need of any tech-
nology or equipment for most ambulatory patients. For healthy adults, safe walking requires very little 
attention. The complexity of the synchronized movement pattern is perceptible only to those individu-
als with deficient muscular coordination, joint disorders, or neurological deficits. Thus, walking can 
be practiced by most people and in a large variety of environmental conditions, suggesting the poten-
tial to increase walking as a large-scale population health intervention. However, in order to attract 
great numbers of people to choose walking for transport or leisure, the environment must meet several 
perceived and objective requirements for “walkability” [43, 44, 83, 87].

Bicycling, on the other hand, is a specifically learned skill to move, and it requires use of tech-
nology and usually smooth and solid ground. Especially in an urban environment, safe bicycling 
requires at least intermittent practice, adequate vision, hearing and balance, ability to react 
promptly, and knowledge of traffic rules and flow. In addition, in order to be a safe and feasible 
mode of travel, cycling requires special infrastructure [21, 72]. If these conditions are met, the 
proportion of cyclists in the population may be as large as seen in the Netherlands, for example 
[19]. Moreover, the accessible distances covered by cycling are much longer than by walking. 
Cycling is a secondary mode of moving in industrialized societies, but the potential to increase 
cycling is impressive.
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 Safety of Cycling

In cycling, the risk of injury is a major concern. However, the health risks of cycling are counterbal-
anced by health benefits [60, 79]. Furthermore, the risk of accidents in cycling increases less than 
proportionally to traffic volume for motor vehicles, pedestrians, and cyclists. Thus, when the amount 
of walking increases by 100%, injuries related to walking increase by 51%, but when cycling increases 
by 100%, the injuries increase by 43% [15]. Safety of bicycling can be most effectively increased by 
simultaneously targeting the traffic environment, bicycles, and cyclists, although simple and separate 
measures alone can substantially decrease the risk of accidents. Thus, evidence from randomized con-
trolled trials show that continuous use of running light decreased accidents leading to injury by 47% 
overall, wearing a yellow bicycle jacket or other fluorescent cycling garment decreased injuries by 
77%, and also reduced the incidence rate for multiparty accidents with personal injury by 38% [46].

The value of using a bicycle helmet is supported by two recent meta-analyses that concluded use 
decreases overall head injury by 43%, serious head injury by 60%, and cyclist mortality or seriously 
injury by 34% without serious adverse effects [37, 66]. These studies conclude that use of helmet is 
highly recommended, especially in situations with an increased risk of single bicycle crashes, such as 
on slippery or icy roads.

 Scalability of Walking and Cycling

In most countries and communities, promoting large increases of both walking and cycling requires 
substantial and at least in part similar changes in the environmental conditions. Increasing both walk-
ing and cycling enhances benefits to individuals in terms of improved health and fitness, decreased 
risks, and travel costs and time as well as benefits to societies in terms of improved environment, less 
pollution, and more efficient transport systems [34, 60]. Therefore, the policies and interventions 
aimed at increasing either regular walking or cycling as modes of transportation act synergistically to 
enhance conditions for both “walkability” and “bikeability.”

Walking and cycling can be done in several modes and for various reasons that widen the possibili-
ties and increase the interest to practice them by different people for different purposes in different 
environments. Particularly important modes are walking and cycling for transport, because in general 
they meet the requirements of health-enhancing physical activity in terms of frequency and intensity, 
and they can make a substantial component or even total amount of the recommended physical activ-
ity for most of the year [89]. Substantial scientific evidence supports the potential of walking and 
especially of cycling for transport as health-enhancing physical activity [7, 13, 23, 30, 41, 45, 60, 67, 
76, 77].

 Walking and Cycling Variations

Some forms of walking are treadmill-, stair-, mall-, and dog-walking, and the American Medical 
Association has recommended even “doc-walking” or walking with your doctor [11], pole or Nordic 
walking, and walking in water. Some of these modes of walking can be incorporated into the daily life 
of large numbers of people. Treadmill-walking in gym or at home offers possibilities for convenient, 
safe, and accurately controllable exercise. Stair-walking has been shown to be feasible and effective 
in improving aerobic fitness and cardiovascular disease risk factors [16, 38, 54], and evidence sup-
ports effectiveness of interventions to increase use of stairs [39]. Malls provide safe, accessible, and 
affordable exercise environments for middle-aged and older adults [17], and detailed guidance on 
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planning, organizing, and using malls for walking is available [9]. A systematic review concluded that 
2 in 3 dog owners who walk their dogs are more than 2.5 times more likely to achieve at least 150 
mins/week of moderate physical activity compared to non-dog walkers [84]. Pole or Nordic walking 
adds the muscles of the upper body to the activity, “walking on four legs,” may increase the energy 
expenditure by about one fifth compared to ordinary walking if the poles are used effectively, helps to 
walk uphill and downhill, supports balance, may decrease loading of the hips, and increases self- 
confidence in walking [24, 85]. In water-walking the buoyancy takes off about 90% of the body 
weight, but on the other hand, water increases resistance to movement by about 40% [4]. In addition, 
water-walking supports joints and balance, and walking in warm water relaxes muscles and mind. 
Thus, walking, cycling, and other aquatic aerobic activities offer possibilities for effective, safe, and 
enjoyable physical activity that also may be appropriate for people who have joint disease or mobility 
limitations.

In addition to cycling outdoors, it can be practiced indoors at home or in gyms as well as in water 
in the same way as walking. An emerging mode of cycling is the use of electrically assisted bikes. 
Particularly for elderly people, they offer a feasible mode to cycle for leisure and especially for trans-
port. However, the probability of accidents is increased, and the injuries in accidents are more severe 
than in accidents on ordinary bike [20].

 Other Aerobic Activities

In addition to walking and cycling, other aerobic activities include jogging and running, swimming, 
cross-country and roller skiing, orienteering, ordinary and roller skating, rowing, canoeing, many 
forms of dancing, and aerobics in gyms. Many recreationally practiced ballgames such as tennis, 
badminton, squash, golf, and football are in part aerobic. Currently there is considerable evidence, 
although fragmentary and of low quality, on the potential health benefits of most aerobic physical 
activities. A recent review involving 26 different sports disciplines and all major aerobic disciplines 
found conditional evidence that recreational football and running are associated with health and 
performance- related benefits, but the evidence for the health benefits of other disciplines was either 
inconclusive or tenuous [63]. The performance- and health-enhancing effects of running are substan-
tially supported by the findings of recent reviews [35, 48]. The rather surprising results of Oja et al. 
[63] were mainly due to lack of sufficient high-quality studies. However, absence of evidence is not 
evidence of absence. More scientifically rigorous studies would probably change the findings.

Indeed, an observational study on a large British adult population cohort found that participation 
in swimming, basketball, and aerobics (aerobics, keep fit, gymnastics, and dance for fitness) was 
associated with reduced all-cause and cardiovascular mortality and participation in cycling with all- 
cause mortality [64]. Further analyses suggested that compared with meeting the generic physical 
activity guidelines, participation in any sport appeared to be equally protective for all-cause and car-
diovascular mortality. In practical terms, this means that at least regarding these outcomes it is not 
important which aerobic sports one participates, but rather the frequency, intensity, duration, regular-
ity, and continuity of the recreation should meet the criteria of effective aerobic physical activity. On 
physiological grounds it is highly probable that individuals practicing the aerobic activities mentioned 
above, e.g., swimming, racket sports, dancing, cross-country skiing, orienteering, skating, and rowing 
would gain largely the same general health benefits compared to walking and cycling (for transport) 
on the condition that the training regimens are comparable. Indeed, the 2008 physical activity guide-
lines recommend tennis, swimming laps, and gardening as health-enhancing aerobic activities. 
Furthermore, the 2018 Physical Activity Guidelines Advisory Committee Scientific Report as well as 
the systematic reviews and meta-analyses of Amagasa et al. [2], Chastin et al. [8] emphasize the role 
of light and short bouts of physical activity. In conclusion, in advising individuals on health- enhancing 
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physical activity, it is justifiable to suggest any aerobic physical activity as either the sole or main 
activity or in many cases as supplementary activity on the condition that all aspects of the FITT prin-
ciple of physical activity are met.

 Counseling for Aerobic Physical Activity

Insufficient physical activity (PA) is highly prevalent worldwide. In the USA, 40% of adults do not 
meet the minimum recommended amount of physical activity, when the cumulative activity done at 
work, at home, for transport, and during leisure is included. Furthermore, the prevalence of insuffi-
cient physical activity is increasing [31]. In order to increase PA among the more than 70 million 
insufficiently active adult Americans [91], interventions are needed immediately and in longer term. 
One measure that can be immediately used is individual counseling in the health-care system.

Evidence from recent systematic reviews by the US Preventive Services Task Force support life-
style counseling by health-care professionals to promote PA especially for individuals with CVD risk 
factors [49] but also for those without CVD or its risk factors [70].

The American Heart Association recommends assessment and promotion of physical activity in 
health-care settings using brief counseling [50]. This approach has been shown to have a small to 
moderate positive effect on increasing physical activity levels, at least in the short term. The results 
have been better when interventions include multiple behavior change resources and target insuf-
ficiently active patients with cardiovascular disease risk factors and motivational readiness to 
change. The number needed to treat for one sedentary adult to meet physical activity recommenda-
tions at 1 year was 12. This is comparable to other preventive counseling interventions in primary 
care such as alcohol (number needed to treat, 9.1) and smoking cessation (number needed to treat, 
14). The results can be somewhat improved by integrating the counseling to referral of patients to 
community- based physical activity resources and programs [50]. Brief advice has been found to be 
also cost- effective [27, 50]. However, the long-term effectiveness of brief counseling is not well 
studied [47].

Achieving more durable results would require use of evidence-based approaches that require more 
resources and lengthy processes such as the transtheoretical model of behavior change [75] or the 
more recent Behavior Change Wheel [55]. Successful application of these techniques calls for sys-
tems approach at least in the health-care units using them [90].

The following discussion is limited to general aspects relevant to brief counseling on aerobic phys-
ical activity in the health-care setting. Detailed information for prescribing physical activity and exer-
cise for single diagnoses can be obtained in other sources [25, 36, 71].

A feasible and evidence-based behavioral strategy used widely in counseling for smoking cessa-
tion, obesity management, and physical activity promotion is the five A’s model: ask, assess, advise, 
agree, and assist [80, 86]. These A’s relate to behavior change theories such as self-management sup-
port, readiness assessment, behavior modification, and self-efficacy enhancement.

The first A, Ask, opens the counseling by asking in nonjudgmental way, preferably using the moti-
vational interview technique, about the patient’s physical activity behavior and exploring his/her 
readiness to change it.

The second A, Assess, includes assessment of the patient’s PA level habits and health status. 
Physical activity is recommended to be assessed routinely in medical care as one of the “vital 
signs” [80], by asking standardized questions such as “On average, how many days per week do 
you engage in moderate or greater intensity physical activity (like a brisk walk)?” and “On aver-
age, how many minutes do you engage in this physical activity on those days?” or objectively 
using the wearable devices or smartphones [50]. In addition, the major drivers, barriers, and social 
and other sources of support helping to begin and maintain physical activity are important aspects 
to explore.
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The patient’s health status and eventual risks related to physical activity can be assessed by follow-
ing the ACSM’s recommendations for exercise preparticipation health screening [78] or by using the 
Canadian approach [10].

The third A, Advise, may include discussion of the benefits of physical activity, appropriate regi-
mens to gain them, and relevant aspects that help to increase physical activity.

The A for Agree includes joint explicit acceptance by the patient and physician of the goals and 
means to increase physical activity. The SMART framework is useful in setting the goals so that they 
are specific, measurable, achievable, rewarding, and timely for the patient [14].

The A for Assist may include identifying the facilitators and barriers that influence the possibilities 
the patient has to realize the plan, education, recommendation, and support by the physician on the 
means and resources that the patient may use [9, 56, 91].

 Counseling on Walking and Cycling

In order to lead to adoption or increase of regular physical activity and to its intended benefits, it 
should meet the APEASE criteria: acceptability, practicability, effectiveness/cost-effectiveness, 
affordability, safety/side-effects, and equity [3]. Walking is an activity that meets these criteria in 
large, probably in the largest number of insufficiently active adults. In general, most adults who have 
not engaged regularly in moderate-to-vigorous physical activity will benefit from walking that is brisk 
for them. The simplest and potentially most efficient physical activity advice for fitness and health for 
a great number of adults, and especially for elderly and sick people, might be “keep walking.”

Walking is especially indicated as the core habitual physical activity. Walking is an irreplaceable 
mode for moving around for many hours a day while doing the daily chores, at work and in transport. 
For most people without serious illnesses, there are no good reasons to minimize the number of steps at 
home or at work. Especially for elderly and for the chronically ill, rising from the seated position, break-
ing continuous sitting, and walking at home are important and may be the only accessible PA that helps 
maintain mobility, independence, and self-confidence. The newly acquired knowledge of the benefits of 
even light activity in short bouts for otherwise inactive individuals strengthens this concept [2, 73].

Some alternatives to walk in daily life and their effects on health and performance capacity were 
described above and include domestic chores, walking up or down stairs and escalator, Nordic or pole 
walking, walking the dog, “doc-walking,” running to errands, and walking as part of commuting. 
Naturally, walks in parks, forests, along marked routes and trails, alone or in company, as such or as 
part of other activities such as photography or picking fruits or vegetables are excellent examples of 
alternatives. Information on community-based programs as well as tools and resources related to 
walking and other health-enhancing physical activities are available at https://millionhearts.hhs.gov/
tools-protocols/tools/physical-activity.html [57].

Regular cycling is an effective health-enhancing physical activity as described above. However, in 
physical activity counseling, cycling can be suggested as well-fitting physical activity much less often 
than walking because all APEASE criteria are not met due to personal or environmental reasons. 
However, when these criteria are fulfilled, cycling is highly recommended especially as a mode of 
regular commuting.

 Conclusions

There is great need to increase walking and cycling, because the evidence on their health-enhancing 
effects is strong and they have the largest potential to decrease the physical activity gap. Much prog-
ress could be made by effective communication of the individual and societal value of these simple 
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modes of physical activity and their many feasible variations. In messaging, the health-care profes-
sional has great potential that should be fully leveraged. At the same time, there is great need to 
develop an environment and services to meet the criteria for adequate “walkability” and “bikeability,” 
especially in underserved areas. Promotion of walking and cycling by large-scale, comprehensive, 
and collaborative measures offers feasible and cost-effective means to improve individual, population, 
and environmental health.
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Chapter 9
Resistance Activities

Jared M. Gollie and Michael O. Harris-Love
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Key Points
• The maintenance of neuromuscular health is essential for healthy aging, quality of life, and 

independence.
• The prescription of resistance activities is an effective treatment for enhancing neuromuscu-

lar capacity and physical function with aging.
• Principles of specificity, overload, variation, reversibility, and individuality can be used to 

inform the design of resistance exercise interventions.
• In addition to healthy older adults, engaging in resistance activities offers numerous health 

benefits for individuals living with various chronic conditions such as diabetes, cardiovascu-
lar disease, and chronic kidney disease.

• Monitoring strategies enhance both adherence and efficacy of resistance activities and pro-
vide valuable information to be used by the health-care team to make timely and informed 
decisions regarding modifications to the prescribe resistance exercise program.
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 Introduction

As the aging population continues to grow, the ability to maintain or slow the decline in neuromus-
cular health is essential for the prevention of disability, disease, and premature death. The primary 
role of the neuromuscular system is the production of force required to perform functional activi-
ties. In addition, recent evidence has posited skeletal muscle as an endocrine organ implicated in 
the promotion of systemic health enhancing effects in response to physical activity. However, 
adverse changes in skeletal muscle due to physical inactivity may result in endocrine-like responses 
that contribute to many chronic diseases [44]. Reductions in neuromuscular function and skeletal 
muscle mass are experienced during the aging process with exponential declines reported to occur 
around the sixth and seventh decades [2, 28, 38, 66]. The declines in neuromuscular capacity 
impede upon functional capabilities contributing to limitations in activities of daily living and loss 
of independence (Fig. 9.1) [73]. Therapeutic interventions to maintain or improve neuromuscular 
health and function are likely to have a profound effect on reducing the incidence of disability dur-
ing the later years of life.

High and stable capacity Declining capacity Significant loss of
capacity

Health services:

Long-term care:

Intrinsic
capacity

Functional
ability

Environments:

Support capacity-enhancing
behaviours

Ensure
a dignified late life

Remove barriers to
participation, compensate for loss of capacity

Promote capacity-enhancing behaviours

Prevent chronic conditions
or ensure early detection
and control

Reverse or slow
declines in capacity

Manage advanced
chronic conditions

Fig. 9.1 A public health framework for healthy aging: opportunities for public health action across the life course 
proposed by the World Health Organization’s World Report on Health and Aging [73]
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 Definition and Characteristics of Resistance Activities

Resistance activities are an effective treatment for maintaining and improving neuromuscular health 
and physical function. Resistance activities refer to any activity capable of overloading the neuromus-
cular system to promote specific neuromuscular adaptations [3, 21, 47]. The type, magnitude, and rate 
of neuromuscular adaptations are dependent on both non-modifiable (e.g., age and gender) and modi-
fiable (e.g., resistance activity workload and modality) factors. Common modalities under the cate-
gory of resistance activities include weight machines, free weights (dumbbells or barbell), resistance 
tubing/bands, pneumatic machines, aquatic activities, yoga, and body-weight exercises. Additionally, 
devices such as neuromuscular electrical stimulation can be used in clinical settings to apply an over-
load stimulus to maintain or improve muscular health when volitional activity is not possible. For the 
purposes of this chapter, weight machines, free weights, resistance tubing/bands, pneumatic machines, 
and body-weight exercises for the prevention of neuromuscular deterioration with aging and disease 
will be discussed. However, the information provided in section “Prescription of Resistance Activities” 
is applicable to all activities outlined above as well as to the younger adult.

 Neuromuscular Adaptations to Resistance Activities in Older Adults 
and Chronic Diseases

 Aging and the Neuromuscular System

Older adults are more susceptible to clinical syndromes of frailty and sarcopenia due to age-related 
alterations in the neuromuscular system. Frailty is a state of increased vulnerability to poor resolution 
of homeostasis after a stress-induced event, which increases the risk of adverse outcomes, including 
falls, delirium, and disability [14]. Sarcopenia has been characterized as the progressive and general-
ized loss of skeletal muscle mass and strength with a risk of adverse outcomes such as physical dis-
ability, poor quality of life, and death [16] and is considered to be a key component of frailty [14]. 
Using the World Health Organization’s (WHO) definition, healthy aging is the process of developing 
and maintaining the functional ability that enables well-being in older age [73]. However, in the pres-
ence of injury or disease, and without appropriate access to medical resources, declines in physical 
capacity are accelerated (Fig.  9.2). Thus, it is proposed that the prevention, maintenance, and/or 
improvement of physical capacity in aging and disease be considered as a primary component for the 
promotion of healthy aging. In this section we focus our discussion specifically on the mechanisms 
contributing to neuromuscular decline associated with biological aging in the absence of pathology or 
disease.

Neuromuscular alterations begin to occur early in life and become accelerated by the sixth and 
seventh decades [2, 28, 38, 66]. The nervous system undergoes reductions in motor unit number due 
to apoptosis and an increase in motor unit size as a result of reinnervation of denervated muscle fibers 
[2, 28]. These changes lead to decreases in voluntary activation, conduction velocity, motor unit dis-
charge rate, and motor unit recruitment range [28]. Together, these age-related adaptations contribute 
to decreases in muscle activation, lower force-generating capacity, and reduction in rate of force 
development [2, 28].

The skeletal muscle is lost at an average rate of approximately 0.5–1.0% annually in adults over 
the age of 70 years [38]. Proposed mechanisms contributing to muscle atrophy with age include 
reduced levels of anabolic hormones, chronic inflammation, degradation of muscle contractile 
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proteins, loss in regenerative capacity, altered neural activation, and mitochondrial dysfunction 
[66]. In addition, the aging process is associated with decreases in the number of skeletal muscle 
fibers and satellite cells, muscle fiber size, and myosin heavy chain IIa, contractile velocity, peak 
force and power, and calcium sensitivity and concentration [28]. The combination of the loss in 
skeletal muscle mass, increased intramuscular fat infiltration, alterations in muscle architecture, 
and compromised metabolic function leads to a reduction in skeletal muscle quality [23, 26]. The 
processes contributing to neuromuscular dysfunction with aging are exacerbated by skeletal muscle 
disuse and physical inactivity [66]. Thus, promoting resistance activities to maintain neuromuscu-
lar health and function should be viewed as a critical lifestyle component for successful aging.

 Neuromuscular Adaptations to Resistance Activities

Both neurological and skeletal muscle adaptations contribute to improved neuromuscular function 
and health following resistance activities [17, 19, 20, 24, 48]. It is suggested that neurological adapta-
tions occur during the acute stages of a resistance exercise program and precede morphological adap-
tations seen in skeletal muscle [19, 20]. This is based on findings of disproportionate increases in 
neuromuscular force in the absence of measurable changes in skeletal muscle size [19, 20]. The 
mechanisms contributing to neurological enhancement in response to resistance exercise are associ-
ated with increases in neural drive (i.e., motor unit recruitment, firing frequency, and synchronization) 
[17, 19, 20, 29, 65]. Kamen and Knight demonstrated an increase of 49% in maximal motor unit 
discharge rate as early as 1 week following the initiation of resistance exercise in the vastus lateralis 
in older adults (67–81 years) [29]. Similarly, Unhjem et al. reported improvements in both force gen-
erated during maximal voluntary contraction, rate of force development, and neural drive to the soleus 
following 8 weeks of heavy resistance activities in aging adults (mean age 74  years) [65]. Thus, 
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Fig. 9.2 Three hypothetical trajectories of physical capacity as proposed by the World Health Organization (WHO) 
[73]. (A) Optimal trajectory – intrinsic capacity remains high until the end of life. (B) Interrupted trajectory – an event 
causes a decrease in capacity with some recovery. Positive trajectory may result for example from access to rehabilita-
tion and a negative trajectory might result from a lack of access to care (yellow dashed lines). (C) Declining trajectory – 
capacity declines steadily until death. Positive trajectory may result from a change in a health-related behavior or having 
access to appropriate medical treatment (maroon dashed line)
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resistance activities offer a viable treatment for countering the deleterious effects of aging on neuro-
logical function and force-generating capabilities in older adults.

Existing evidence supports skeletal muscle benefits following exposure to resistance activities in 
older adults [1, 12, 13, 31, 36, 39, 41, 42, 48–51, 57, 64, 67]. Several studies have found increases in 
lower extremity muscle cross-sectional area (CSA) primarily in type II muscle fibers [1, 13, 31, 36, 
39, 57, 62, 67]. For example, Verdijk et al. [67] demonstrated an increase in leg lean mass and quad-
riceps CSA measured via computed tomography (CT) in healthy older adults (mean age 72 years) 
who completed 12 weeks of resistance exercise. In addition, greater satellite cell content and capil-
larization have also been reported concomitantly with increases in skeletal muscle CSA [39, 67]. 
While improvements in skeletal muscle fiber capillarization following resistance exercise have not 
been found in all studies [58], capillary density seems to be an important mechanisms for promoting 
skeletal muscle hypertrophy in older adults [58, 67, 68]. Changes in skeletal muscle architecture have 
also been demonstrated in addition to increases in muscle CSA [50, 51]. Reeves et  al. reported 
increases in fascicle length and pennation angle both at rest and during maximal isometric contrac-
tions after 14 weeks of resistance exercise [51]. Combined, the neurological and morphological adap-
tations documented after resistance activities in older adults highlight the preserved plasticity of the 
neuromuscular system with aging.

While this section focused on neuromuscular adaptations in older adults, similar benefits can be 
expected in younger individuals. It should be noted, however, that the magnitude of the effects of 
resistance activities on neuromuscular adaptations differs between older and younger individuals. 
The blunted responses in older individuals may arise due to reductions in exercise intensity, vol-
ume,  and/or frequency with age, inadequate dietary intake (specifically recommended protein 
requirements), and altered physiological and metabolic processes. Thus, it becomes important to 
consider individual responses to resistance activities and not a “one-size-fits-all” approach to exer-
cise prescription.

 Health and Functional Benefits of Resistance Activities in Aging 
and Chronic Diseases

Participation in resistance activities has a positive effect on enhancing neuromuscular strength, power, 
and physical function in older adults [12, 34, 45, 47, 48, 59, 60]. Peterson et al. performed a meta- 
analysis of forty-seven studies to examine the effects of resistance exercise in older adults (≥50 years 
of age) and found that resistance activities improved neuromuscular strength in both the upper and 
lower extremities [45]. Similarly, in a systematic review and meta-analysis, resistance activities were 
shown to be efficacious for increasing lower extremity neuromuscular power in adults ≥50 years of 
age [60]. The strength of evidence is not as robust for enhancing skeletal muscle mass as compared to 
strength and power; however resistance exercise has been shown to increase lean body mass when 
performed at sufficient intensities and volumes over longer durations [46]. The effects of resistance 
activities on physical function demonstrate improvements in functional tasks such as balance, walking 
speed, and the ability to rise from a chair [12, 34]. In addition to functional benefits, the ability to 
preserve skeletal muscle mass and quality has major health implications. For example, evidence of 
skeletal muscle as a secretory organ underscores the importance of maintaining skeletal muscle mass 
and muscle quality with age [44]. The ability of skeletal muscle to produce, express, and release pro-
teins into circulation during exercise allows for cross-organ communication influencing metabolism 
and tissue function [44]. Similarly, skeletal muscle mass is shown to be associated with all-cause 
mortality [33]. Therefore, the maintenance of skeletal muscle mass and quality is essential for healthy 
aging and disease prevention.

9 Resistance Activities



126

 Prescription of Resistance Activities

 Goal Setting

Goal setting is the first step of designing an effective resistance exercise treatment [6]. Goal setting 
should be a collaborative process between the health-care provider, patient, and exercise profes-
sionals appropriately trained and certified to work with the respective populations of interest. 
During the goal setting process the patient should have an opportunity to articulate specific goals 
they hope to obtain. Based on the goals of the patient as well as any health or functional concerns 
from a medical standpoint, the interdisciplinary team should educate the patient on what the pro-
gram will entail, the duration of the program, what the anticipated benefits are and when such 
benefits may be expected, potential secondary benefits in addition to the primary goals of interest, 
and potential risks of engaging in such activities. Ideally, a well- constructed goal should be spe-
cific, measurable, adjustable, realistic, and time-based [6]. Goal setting can include both short-term 
(i.e., weeks to months) and long-term (i.e., months to years) expectations and should be re-evalu-
ated periodically to ensure any necessary changes to the resistance program are made to continue 
to align with the health and functional goals.

 Structure and Organization

Resistance exercise programs are structured and organized in accordance with the health and func-
tional goals and the time course in which the specified goals are expected to be achieved. Each indi-
vidual resistance exercise session should include the following components: (a) warm-up, (b) 
conditioning (i.e., resistance activities), (c) cooldown, and (d) stretching [3]. The warm-up consists of 
5–10 minutes of light-to-moderate intensity activity with the purpose of preparing the body for the 
demands of the prescribed resistance activity. The warm-up may be completed by cycling on an 
ergometer or walking on a treadmill, if such equipment is available. If not other light-to-moderate 
intensity activity can be substituted, such as walking overground or body-weight exercises. The con-
ditioning segment is the main portion of the program. It is during this segment that the types and 
workloads of resistance activity are performed and may last 20–60 minutes. The duration of the con-
ditioning segment will vary and is determined by the number of activities, exercise volume, and length 
of rest intervals and should be considered when planning a resistance exercise program (see section 
“Fundamental Principles of Resistance Activities”) [21]. Immediately following the conditioning por-
tion of the program, a brief cooldown period (i.e., 5–10 minutes) including light-to-moderate aerobic 
or muscular activity should be implemented to allow the body to gradually return to a resting state 
following exercise [3]. Last, a period of stretching can be prescribed which focuses on improving 
range of motion and flexibility.

The elements of a resistance exercise plan involve detailing the frequency, intensity, time, type, 
volume, and progression (i.e., FITT-VP principle) [3, 21, 47]. The frequency of exercise refers how 
often resistance activities are to be performed by each major muscle group per week. Intensity or how 
hard someone is exercising can be determined using subjective ratings of effort (i.e., ratings of per-
ceived exertion) or absolute and relative loads lifted (i.e., actual weight lifted or percentage of one 
repetition maximum). Time (duration or how long) can be viewed as the amount of time spent per-
forming muscular activity during an exercise session or over the course of a week. Type (mode or 
what kind) refers to the various resistance activity modalities. Volume is the amount of work per-
formed in a given exercise session and is calculated as the number of sets and repetitions completed. 
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Progression is the advancement of the exercise stimulus and can be achieved by increasing volume, 
frequency, or intensity. Progression will ensure that continued neuromuscular adaptations are experi-
enced; however the rate of progression will be different across individuals and should be prescribed 
gradually to minimize any potential risks of injury.

 Fundamental Principles of Resistance Activities

Specificity, overload, variation, reversibility, and individuality describe the five fundamental 
principles of resistance activity used to understand neuromuscular adaptation and inform treat-
ment design (Table 9.1) [3, 48]. The principle of specificity states that all exercise adaptations are 
specific to the stimulus applied [3, 48]. Factors to consider when determining the appropriateness 
of the stimulus based on specificity include the muscle actions to be performed, speed of the 
muscle actions, range of motion, muscle groups trained, and energy systems involved. Overload 
describes the act of exposing the neuromuscular system to increasing demands which are suffi-
cient to elicit disturbances in homeostasis. Variation refers to the process of manipulating one or 
more variables over time to achieve the desired neuromuscular and/or functional goals. 
Reversibility describes the loss of neuromuscular adaptations in response to the removal of the 
exercise stimulus. In one of the most extreme cases, the negative neuromuscular changes associ-
ated with bed rest or prolonged periods of inactivity are reflective of the principle of reversibility. 
This principle describes the loss of neuromuscular function during periods of disuse. Lastly, the 
principle of individuality describes the unique responses experienced across individuals when 
exposed to the same exercise stimuli [3, 48].

To increase muscular fitness, resistance activities emphasizing major muscle groups performed at 
a frequency of ≥2 days per week with at least 48 hours between sessions are recommended [3, 12, 47, 
48]. For beginners the intensity should start off light (i.e., 40–50% 1-RM) and progress to higher 
intensities (i.e., 60–80% 1-RM or rating of perceived exertion of 5–8 on 0–10 scale) in accordance 
with tolerability of the individual. Those with a previous resistance exercise history may be able to 
initiate resistance activities at higher intensities or progress at a greater rate. The volume should con-
sist of 8–10 resistance activities involving major muscle groups to be trained for a total of 1–3 sets 
with 8–12 repetitions per set. Between each completed set of muscular activity, a rest interval of 
2–3 minutes will ensure neuromuscular recovery and prevent excessive neuromuscular fatigue. In 
older adults or deconditioned populations, a resistance exercise regime of ≥1 set of 10–15 repetitions 
of very light-to-light intensity (i.e., 40–50% 1-RM) activities is sufficient to promote improvements 
in muscular fitness which can be progressed over time [3, 12, 48].

Table 9.1 Fundamental principles of resistance activities

Principle Description

Specificity Neuromuscular adaptations to resistance activities are specific to the stressors imposed by the type of 
muscle and speed of muscle actions, range of motion, muscle groups, and energy demands required

Overload Demands are of sufficient level to elicit homeostatic disturbances in order to promote neuromuscular 
adaptations

Variation Systematic altering of one or more exercise elements over time in accordance with neuromuscular 
outcomes of interest

Reversibility Removal of the exercise stimulus and physical inactivity will result in loss of neuromuscular function
Individuality Individual responses to a given resistance exercise stimulus

Principles and descriptions adopted from ACSM’s Guidelines for Exercise Testing and Prescription Tenth Edition [3]
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 Recommendations for Improving Neuromuscular Capabilities

While generalized recommendations for engaging in resistance activities are effective for maintain-
ing/improving overall muscular fitness, more specialized exercise prescriptions are necessary to 
enhance specific neuromuscular characteristics (i.e., hypertrophy, maximal strength, power, endur-
ance) [48]. For increasing skeletal muscle hypertrophy and neuromuscular strength, it is recom-
mended that both single- and multi-joint exercises be prescribed for 1–3 sets per resistance exercise at 
60–80% of 1-RM for 8–12 repetitions. These activities should be performed 2–3 days per week with 
rest periods of 1–3 minutes between sets [48]. In a meta-analysis conducted by Peterson et al., greater 
increases in lean body mass occurred with higher exercise volumes [46]. Similarly, the effects of pro-
gressive resistance exercise on improving maximal strength are dose-dependent with higher intensi-
ties (i.e., >75% 1-RM) superior to moderate (i.e., 55–75% 1-RM) and low (i.e., <55% 1-RM) 
intensities in older adults [45, 59]. Resistance activities emphasizing neuromuscular power develop-
ment have gained much interest given the relationship between neuromuscular power and physical 
function [52]. Such activities involve performing high velocity muscle contractions using low-to- 
moderate intensities (i.e., 30–60% 1-RM) over 1–3 sets of 6–10 repetitions (Table 9.2) [48, 60].

 Contraindications and Special Considerations in Chronic Diseases

Despite the overwhelming number of health and functional benefits promoted by physical exercise, 
there are some risks involved with any exercise program. There is an increased risk of musculoskeletal 
injuries when participating in resistance activity programs due to the undo stress applied to the neuro-
muscular system [3]. The intensity and volume of exercise are primary factors contributing to the risk 
of injury with a greater risk of injury associated with vigorous intensity activity and excessive exercise 
volumes [3]. Injury risk can be minimized by prescribing gradual progression of intensity and volume 
as well as tailoring each resistance exercise program to individual responses.

Table 9.2 Recommendations for resistance activities in older adults

Element Neuromuscular outcome
Hypertrophy Strength Power

Frequency 2–3 days/week on 
non-consecutive days

2–3 days/week on 
non-consecutive days

2–3 days/week on non-consecutive days

Intensity 60–80% 1-RM 60–80% 1-RM 30–60% 1-RM
Time N/A N/A N/A
Type Free weights; 

machines
Free weights; 
machines

Free weights;machines

Volume 1–3 sets/exercise; 
8–12 repetitions

1–3 sets/exercise; 
8–12 repetitions/set

1–3 sets/exercise; 6–10 repetitions

Progression Gradual Gradual Gradual
Contraction 
velocity

Slow-to-moderate Slow-to-moderate High

Rest intervals 1–3 min between sets 1–3 min between sets 1–3 min between sets
Additional 
comments

Multiple- and 
single-joint exercises

Multiple- and 
single-joint exercises

Should be conducted in combination with training 
to improve strength; multiple- and single-joint 
exercises

Resistance exercise recommendations for enhancing muscular hypertrophy, strength, and power for older adults as 
proposed by the ACSM’s Position Stand on Progression Models in Resistance Training for Healthy Adults [48]
Abbreviations: 1-RM 1 repetition maximum, min minute, N/A not applicable
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To ensure the safety of all individuals engaging in physical exercise, it is critical that all the parties 
involved have an understanding of the exercise-related events associated with certain populations, 
especially when working with clinical populations. Individuals with known cardiovascular, meta-
bolic, or renal disease should obtain medical clearance prior to initiating regular exercise under the 
supervision of a trained professional [3]. Staff should possess the appropriate educational and practi-
cal training for managing cardiac emergencies. Exercise personnel should ensure the facilities are 
equipped with the necessary resources to handle cardiac emergencies in the case one should occur. 
Furthermore, by ensuring all components of the exercise session are adhered to, specifically the 
warm-up and cooldown, the potential for adverse events can be dramatically reduced [3].

 Prediabetes and Diabetes

Resistance activities performed by individuals with prediabetes and diabetes have been shown to 
improve insulin action, blood glucose control, and fat oxidation and storage in skeletal muscle and 
increase muscle mass [15]. Community-dwelling adults with type 2 diabetes mellitus (T2DM) were 
shown to improve whole-body lean mass following 16 weeks of progressive resistance exercise using 
three sets of eight repetitions at an intensity of 60–80% 1-RM [7]. In prediabetic obese men, 8 weeks 
of resistance exercise was reported to increase strength and skeletal muscle fiber hypertrophy while 
increasing type IIx fiber content with continued improvements up to 16 weeks of exercise [61]. ACSM 
recommends a minimum of two non-consecutive days per week of resistance activity using 8–10 
exercises performed at moderate (i.e., 50–69% of 1-RM)-to-vigorous (i.e., 70–85% of 1-RM) intensi-
ties and 1–3 sets of 10–15 repetitions [3].

 Cardiovascular Disease

Skeletal muscle mass and strength are inversely associated with mortality and increased risk for car-
diovascular disease [4, 27, 69]. For example, in patients with congestive heart failure, knee flexor 
strength was a strong predictor of long-term survival [27]. In a prospective longitudinal study of 
hypertensive men, muscular strength was significantly associated with a lower risk of all-cause mor-
tality [4]. Resistance exercise has shown the potential to reduce adjusted absolute HbA1c values, 
improve lean mass, increase insulin sensitivity and muscle glycogen stores, and reduce dose of pre-
scribed medications [7, 15, 54, 56, 72]. Progressive resistance exercise performed 3 times per week 
over 16 weeks was shown to increase whole-body lean mass and decrease systolic blood pressure and 
trunk fat mass in Latino adults with T2DM [7]. Women with type 2 diabetes engaging in resistance 
activities experienced a 17% risk reduction for cardiovascular disease and 30% rate reduction of type 
2 diabetes [54].

 Chronic Kidney Disease

Resistance activities, if structured appropriately, may provide a viable treatment to combat muscle 
wasting, neuromuscular dysfunction, and decreased functional capacity associated with chronic 
kidney disease (CKD). For example, resistance activities performed in a progressive manner have 
been shown to positively affect skeletal muscle mass, strength, physical function, and health-related 
quality of life in both patients with CKD pre-dialysis and end-stage renal disease (ESRD) [9, 11]. 
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In those with CKD stage 3b to 4, 8 weeks of progressive resistance exercise (consisting of 3 sets of 
10–12 leg extension repetitions at 70% 1-RM 3 times weekly) increased skeletal muscle anatomical 
cross- sectional area, muscle volume, knee extensor strength, and exercise capacity [70]. Cheema 
et al. [10] found that progressive resistance exercise (2 sets of 8 repetitions of 10 exercises at a rate 
of perceived exertion of 15–17 on a 6–20 point Borg Scale) performed over 24 weeks increased 
thigh cross- sectional area; however no improvements were observed at 12 weeks in patients with 
ESRD [10].

 Training Throughout the Lifespan

The primary care professional has the important role of facilitating appropriate physical activity and 
targeted multimodal exercise programs that promote musculoskeletal health and independent func-
tioning [55]. The effort to promote adequate amounts of resistance activity is one element of a com-
prehensive exercise regimen that demands heightened awareness for older patients [43]. The American 
Physical Therapy Association’s recommendations to the American Board of Internal Medicine’s 
Choosing Wisely® initiative cite the prescription of underdosed resistance exercise regimens to older 
adults as a problem contributing to lack of strength improvements following resistance exercise [71]. 
The challenge of maintaining activity levels throughout the lifespan goes beyond issues of attaining 
optimal exercise intensity/volume thresholds as less than 20% of older adults meet the recommended 
amounts of physical activity for maintaining overall health [8, 47]. The barriers to exercise faced by 
older adults include comorbid conditions, the need for greater health education, and accessibility 
within the built environment [32]. Members of the health-care team can promote increased physical 
activity and progressive resistance activities by playing an active role in monitoring progress, provid-
ing guidance in adjusting the exercise prescription, and understanding the barriers and enablers of 
program adherence.

 Monitoring Progress and Adjusting the Exercise Prescription

Monitoring patient progress is an essential step to maximizing the efficacy of any treatment plan. 
Measuring and documenting patient progress, or regression, allows for timely adjustments to the 
exercise prescription and presents opportunities to address gaps in program adherence. The Reach, 
Effectiveness, Adoption, Implementation, and Maintenance (RE-AIM) framework is a well-known 
method used to guide program management for those with chronic conditions [22]. This framework 
considers factors concerning individual and organizational exercise settings and prompts the clinician 
to consider key patient-level components of any given intervention or exercise program:

 1. Reach: consider how access limitations, caregiver issues, or health disparities, may impact pro-
gram participation and progress.

 2. Effectiveness: ensure that the program outcome measures are aligned with patient goals and 
values.

 3. Adoption: determine and assess if the selected exercise setting (e.g., home-based or community- 
based program) is both feasible and well-suited to the patient over time.

 4. Implementation: revisit if the exercise program can continue to be executed as designed based on 
the patient’s health status, supervision needs or safety concerns, and equipment availability.

 5. Maintenance: assess factors that may impact program sustainability such as material or social 
program support [22].
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In moving from general program monitoring to assessing exercise efficacy, monitoring can be 
based on an evaluation of health risk, the documentation of behavioral change, or an assessment of 
physical fitness and functional status. Primary care providers may be limited in their approach if 
monitoring is confined to annual visits. Nevertheless, low-cost serial measures such as grip strength, 
customary walking speed, body weight, blood pressure, waist-hip ratio, lipid panel, and estimates of 
insulin sensitivity may provide vital longitudinal health risk data that may help guide exercise goals 
and inform the clinical management of chronic conditions. In addition, visits with the primary care 
professional are ideal times to revisit behavioral features of exercise program such as the goals. Unmet 
goals should receive follow-up by the health-care practitioner or exercise specialist to determine the 
causative factors and potential strategies to increase goal attainment. Clinical visits should also be 
used to re-evaluate contraindications to exercise, review safety topics (e.g., rising from a chair, pre-
cautions for exercising outdoors during summer months, or exercise technique), and provide further 
encouragement for program participation.

Monitoring behavioral elements associated with regular exercise or physical activity may also 
include patient questionnaires. Measures of physical activity vary widely based on the modes or scope 
of activity under consideration, the method used to estimate intensity or workload, the time frame of 
the activity period, and the questionnaire testing burden [63]. Common questionnaires used to moni-
tor physical activity and/or program adherence for outpatient populations include the Community 
Healthy Activities Model Program for Seniors (CHAMPS) Activities Questionnaire for Older Adults, 
Physical Activity Scale for the Elderly (PASE), and Minnesota Leisure Time Physical Activity 
Questionnaire. In addition, the Exercise Scale for Older People (AESOP) provides a viable option for 
older adults with chronic conditions or other significant comorbidities [5, 25]. Nevertheless, all physi-
cal activity and exercise monitoring questionnaires have limitations concerning their psychometric 
properties, theoretical constructs, and adequate representation of activities that represent the specific 
adaptations to resistance activity [5, 63]. Exercise logs and activity diaries are often used in lieu of 
lengthy questionnaires and provide specific information concerning resistance training program ele-
ments such as volume, frequency, and workload. However, unlike intermittent questionnaires, daily or 
weekly exercise logs may be perceived as having a greater patient burden, be subject to memory bias, 
or overestimate activity intensity [63].

Importantly, when exercise specialists are involved in the plan of care, direct observations and fit-
ness assessments may comprise a critical aspect of program monitoring. These tests and measures 
may include ACSM-recommended assessments of the 1-RM or submaximal 1-RM-estimate equa-
tions using a 6–10 repetition test which is easily adopted for older adults or those with comorbid 
conditions [3]. In addition, more detailed muscle performance measures concerning peak muscle 
torque and power can be measured using isokinetic dynamometry in clinical settings. In many 
instances, it may prove to be more practical for a primary care provider or community-based exercise 
specialist to use simple field-based assessments that include grip strength testing, timed sit to stand, 
and functional mobility assessments [35, 75].

The exercise prescription may be adjusted after a re-evaluation of the patient’s health risks and 
any new potential barriers to the exercise program. Contact with the primary care professional via 
annual visits or through episodic care is usually inadequate to adjust the exercise prescription in a 
timely manner. Changes in a patient’s health status, or injuries to specific joints or body regions, may 
necessitate the primary care provider modifying the exercise program to ensure its safe completion. 
However, more frequently, the exercise prescription will require regularly occurring adjustment to 
progress the resistance training regimen. Involvement of an exercise specialist facilitates periodic 
estimates of strength capacity and a review of proper form for each specific exercise in the program. 
Nonetheless, the successful execution of a resistance program hinges on appropriate health educa-
tion that provides the patient with the knowledge to self-regulate the progression of exercise pro-
gram. The strategy to increase resistance training overload will vary based on the patient goals and 
abilities. The common approach is a gradual increase in workload when the completed repetitions 
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exceed the prescribed range (e.g., >15 repetitions). The patient may increase the weight used (using 
approximately 5% increments) until no more than 8–12 repetitions are completed in the absence of 
volitional fatigue during a given set [3]. Equally important, patients should be advised to reduce the 
weight used if volitional fatigue or pain is incurred before reaching the targeted repetition range.

 Elements of Adherence

Program adherence is a multifaceted aspect of the plan of care that involves the initial identification 
and assessment of needs, the creation and issuance of the program, monitoring and maintaining the 
program, and a reassessment process to document improvements and/or identify program barriers. 
Many theoretical models have been proposed to help understand and improve program adherence. 
Common elements of the models reflect the interacting dimensions that affect adherence, social and 
economic status, health-care system and provider factors, severity and rate of progression of disease 
or comorbid conditions, and treatment burden [74]. Despite the varied ways to understand the factors 
that influence adherence, there are basic approaches that clinicians may use to enact behavioral 
changes that engender greater exercise participation [53]. Clinicians should interact with patients to 
(1) assess self-efficacy and social support resources; (2) advise regarding exercise benefits and risk 
management; (3) agree on the goals, exercise modes, and rate of progression; (4) assist with identify-
ing resources and strategies to maintain consistency; and (5) arrange for appropriate referrals and 
regular reassessment visits [37].

The primary care clinician may proactively address barriers to program adherence through a struc-
tured approach such as the information-motivation-behavioral skills model (Fig. 9.3) [18]. The initial 
stages of this method may be facilitated through motivation interviewing, an approach to counseling 
used to identify, examine, and resolve barriers to an effective change in behavior [30]. In the context 
of promoting adherence to resistance activities, this approach may involve expressing empathy regard-
ing the patient’s health status and concerns about engaging in resistance exercise; supporting the self- 
efficacy of the patient; allowing the patient to both define their barriers to exercise and suggest 
potential solutions; and helping patients to see the incongruency between their current health status 
and their desired health and fitness goals.

These collective strategies allow for primary care professionals to engage in health promotion 
using individualized methods of behavior change. The decisions related to using of exercise support 
groups, opting for a home-based exercise program, using supervised exercise sessions, employing 
variety in the exercise routine, and selecting the method of exercise progress documentation are 

Health behavior
information

Health behavior
skills

Health behavior

Health behavior
motivation

Fig. 9.3 The information-motivation-behavioral skills model. The model depicts the interrelationships among educa-
tion, motivation, and behavioral factors that are associated with a targeted change in health-related behavior. (Adapted 
from Fisher et al. [18])
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informed by the collaborative interviewing process. Previously sedentary patients who are engaging 
in a new exercise program may experience general stages of change related to exercise program par-
ticipation: contemplation concerning the need to start an exercise program, preparation to attain train-
ing goals and improve adherence, taking action to enable regular exercise and minimize barriers to 
program adherence, and reaching a maintenance phase when exercise is a regular feature of the 
weekly routine (e.g., 3–5 times per week over a 6-month period) [40]. The specific health promotion 
and exercise adherence strategies used by the primary care provider will depend on where the patient 
resides along this continuum of behavioral change. Finally, it should be noted that an underappreci-
ated aspect of effective exercise adherence is the practical nature of the program – a gradual ramp-up 
phase and appropriate exercise selection and intensity level minimize the risk of injuries and instill 
confidence in previously sedentary individuals. Indeed, exercise training programs highlight the 
importance of both adherence and compliance – consistently participating in the exercise regimen and 
performing the activities in accordance to the exercise prescription – which are essential to the safe 
attainment of patient-identified health and fitness goals.
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Chapter 10
Yoga as a Mind-Body Practice

Christiane Brems

Keywords Yoga · Mindfulness · Interoception · Neuroception · Embodiment

Key Points
• Yoga includes and integrates a wide range of strategies, categorized into lifestyle and values- 

related commitments, physical practices, breathing practices, and interior practices.
• Yoga is suitable for individuals of all body shapes, physical abilities, ages, emotional states, 

cognitive capacities, and demographics. Once a practice has been established with a quali-
fied teacher, yoga can be engaged in by anyone, anywhere, and anytime, at low cost.

• Yoga is a powerful wellness practice and an effective intervention or adjunctive treatment for 
physical challenges (e.g., musculoskeletal concerns, chronic illness, metabolic disease, can-
cer, and more) and mental or emotional symptoms (e.g., depression, anxiety, stress, anger, 
attention deficits, trauma histories).

• Yoga integrates top-down and bottom-up neurobiological processes to help practitioners 
attain relaxed and calm states in body, breath, and mind, reducing maladaptive emotional, 
cognitive, behavioral, and relational patterns while increasing capacity for innovative 
problem- solving and stress tolerance.

• Building a referral network of yoga teachers and therapists will allow clinicians to guide 
physical and mental health patients to yoga resources that can have a profound effect on their 
well-being, symptom tolerance, and course of treatment.

C. Brems (*) 
Department of Psychiatry and Behavioral Sciences, Stanford University School of Medicine, Stanford, CA, USA
e-mail: cbrems@stanford.edu

 A Definition of Yoga: Myths and Realities

The practice of yoga in the United States has seen a tremendous increase in numbers of practitioners 
[48] and has been identified as among the top ten alternative and integrative practices sought out by 
patients in physical and mental healthcare settings [4, 5]. Yoga’s increase in popularity has been 
largely due to the strong interest in posture practice as a form of exercise. Posture practice has become 
a point of focus in gyms, schools, and even work places and is touted as a way of combatting stress, 
increasing mindfulness, and staying physically healthy. Yoga from that perspective is a physical or 
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exercise-based tradition that helps promote physical health, strength, and balance. Many yoga 
classes – especially outside of yoga studios and inside conventional venues such as gyms – offer 
strenuous physical practices that are indeed proven to enhance the physical well-being of practitioner. 
However, yoga as a holistic practice or life philosophy goes far beyond posture practice alone.

Yoga as traditionally practiced was physical only to prepare practitioners for the more important 
interior practices (such as concentration and meditation) and interpersonal applications of a thought-
ful and deliberate code of life and discipline [12, 37]. Integrated yoga is a holistic practice that com-
bines body, emotion, mind, spirit, and community through a comprehensive lifestyle with implications 
for individual and collective well-being [35, 49, 114]. It promotes community, self-compassion, and 
introspection that lead to insights that alter human physiology and anatomy and  – perhaps more 
importantly – emotions, cognitions, behaviors, and relationships. Integrated yoga can be practiced by 
anyone who can breathe without assistance, almost anywhere, for little to no cost [87]. Yoga motivates 
practitioners to adhere to the practice more so than a unidimensional posture practice [31] and is freed 
from Western media stereotypes that tend to limit who seeks access to yoga. Integrated yoga consists 
of eight sets of ancient practices called limbs of yoga [45, 49], grouped into four categories based on 
modern research [39, 113]. Values and lifestyle practices of yoga direct practitioners to ethical and 
intentional living informed by purposeful values and meaningful life goals. Physical practices trans-
form the practitioner’s anatomy and physiology, supporting accurate sensory perception of the body 
from the inside out and of the environment from the outside in. Breathing practices stimulate the 
parasympathetic nervous system, allowing access to a calm, relaxed state from which to become adap-
tively responsive to inner and outer life demands, achieving systemic homeostasis in body and mind. 
Interior practices draw the practitioner into self-exploration, personal insight, and interpersonal trans-
formation, shedding maladaptive habits, reactivity, and stereotypes while opening space for new 
choices, adaptive responsiveness, and resilience in body, emotions, mind, and relationships.

Summarized in Table 10.1, all yoga practices are rooted in mindfulness practices, which are the 
mainstay of yoga philosophy and the foundation on which the entire practice comes to rest. The first 
aphorism in the Yoga Sutras of Patanjali, the millennia-old primary text for yoga teachers and practi-
tioners, states “atha yoga anushasanam” – now the time for the teachings of yoga. This aphorism is 
understood as a reminder that each and every moment – each now – is a moment to come into the 
present; to reflect on body, breath, emotions, and mind; and to be fully in touch with what is in a non-
judgmental manner and with deep curiosity. Thus, as each limb is applied, it is important to maintain 
mindful awareness, an attitude of nonjudgment, and spacious curiosity about effects and sensations 
that arise from each practice.

 Documented Benefits of an Integrated Yoga Practice

Integrated yoga practice [80] and comprehensive, burgeoning research [51, 58, 70] have begun to 
demonstrate that individuals – if invited into the practice on their terms [54] – can derive substantial 
benefits. In contrast to Western stereotypes about who practices yoga [85], this includes (but is not 
limited to) individuals with physical, emotional, and mental challenges; with significant life stress and 
trauma histories; with aging bodies; in prisons and jails; in hospitals and other healthcare settings; in 
schools and universities; and more [32, 46, 58]. Positive effects have been documented for a range of 
physiological, musculoskeletal, and mental health symptoms. Salutary effects have been demon-
strated through clinical trials – carefully controlled experiments – as well as case studies, surveys, and 
other means of establishing the utility of interventions for human health and well-being. Table 10.2 
summarizes recent research findings and establishes a compelling evidence base for yoga intervention 
for a variety of individuals who suffer physically, emotionally, or psychologically.
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Table 10.1 An overview of yoga practices

Values and lifestyle practices: limb #1 – life choices for ethical living

Basic 
definition

First-person ethics that invite choices based on discernment and mindfulness to result in values-based 
thought, speech, and action

Central 
intention

Value clarification to guide moment-to-moment choices in thought, speech, behavior, and relationships

Central 
principles

Nonharming – nonviolence and peacefulness toward self, other, and everything
Truthfulness – honesty with oneself and in all relationships and contexts to create authenticity and 
integrity in day-to-day life
Non-stealing – not taking what is not freely offered
Moderation – wise use of personal life energy
Non-possessiveness – not being greedy about possessions, relationships, actions, and other aspects of 
life

Central 
practices

Nonharming – the practice of living in a manner that seeks not to cause deliberate pain or harm
Truthfulness – the practice of living in a manner that is true to a practitioner’s real and ideal self
Non-stealing – the practice of embracing a sense of abundance, generosity, and reciprocity that 
eliminates the desires to take or steal from others or to have more than others
Moderation – the practice of being neither indulgent nor excessively restrictive when it comes to habits 
and desires
Non-possessiveness – the practice of mindful cultivating gratitude for what life has already provided 
and thoughtfully relinquishing grasping, desire, and jealousy

Values and lifestyle practices: limb #2 –life choices for purposeful living

Basic 
definition

Mindful self-discipline and intentionality to create a meaningful and purposeful life

Central 
intention

Motivation-to-change goal setting that creates a motivational set for the entire yoga practice that will 
relate to greater life plans and trajectories, personal development, and contributions to a greater good

Central 
principles

Purity – simplicity and authenticity in action, speech, and thought
Contentment – meeting every moment from a peaceful center that allows for discernment about how to 
take calm and appropriate action
Disciplined use of energy – leading an impassioned life of determined effort and engaged practice
Self-reflection – exploring personal reactions, habits, motivations, and intentions to guide toward 
self-knowledge, insight, and growth
Devotion to a greater good – creating meaning for self and others through wise discernment

Central 
practices

Purity – the practice of finding centered balance in consumption, clutter, toxins, distractions, and 
overload in all aspects of life, including food, drink, body care, relationships, media use, work, and 
play
Contentment – the practice of taking calm and appropriate action, neither driven by hyper-excitability 
nor indifference, and of accepting life fully and calmly
Disciplined use of energy – the practice of committing to making conscious, not habitual, choices in 
every moment that are neither hyperactive nor slothful and lead to transformation for self and others
Self-reflection – the practice of opening up to new learning from outer sources (like books and 
teachers) and through quiet introspection
Devotion to a greater good – the practice of surrendering ego-driven intentions and committing to 
positive other-oriented intention and action

Physical practices: limb #3 – physical postures

Basic 
definition

Physical discipline of engaging in postures and movements that promote mindfulness of the body and 
its sensations

Central 
intention

Mindfulness-based embodied movement to create physical and mental health and fitness, including 
balance, strength, stamina, flexibility, coordination, and power

(continued)
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Table 10.1 (continued)

Central 
principles

Effort and ease combines in physical practices that integrate form (careful attention to healthful 
alignment, proprioception, and interoception) and movement (flowing with breath through well- 
sequenced poses) with breath (see limb# 6)
Integration of form and movement invites:
Mindful alignment
Neuroception of physical safety and containment
Interoceptive awareness of how the physical body collaborates with breath and mind
Proprioceptive awareness of the body in space
Exteroceptive awareness of the body’s response to environment stimuli
Finding effort and ease allows for restful awareness combined with optimal exertion of effort
Integrated posture practice synergistically links to all other limbs of yoga

Central 
practices

Types of flow practices include, yet are not limited to:
  Sun and moon salutations
  Yoga kriyas
  Vinyasa
Types of forms include, yet are not limited to:
  Backbends (e.g., cobra, camel, bridge, wheel)
  Balancing postures (e.g., tree, eagle)
  Forward folds (e.g., downward dog, head-to-knee, chair)
  Inversions (e.g., headstand, handstand, elbow balance)
  Restorative poses (e.g., relaxation pose, meadow brook, legs-up-the-wall)
  Seated postures (e.g., staff, hero, lotus, easy seat)
  Standing postures (e.g., mountain, warrior, triangle, side angle)
  Twists (e.g., lord of the fishes, supine legs around the belly)

Breathing practices: limb #4 – breath regulation

Basic 
definition

Breathing exercises and wholesome natural breathing awareness that invites mindfulness, balance, and 
efficiency in body, breath, mind, and relationships

Central 
intention

Biofeedback to become mindful of and regulate physiological arousal and emotional reactivity, gain 
control over the autonomic nervous system, connect to inner sensations, recruit the parasympathetic 
nervous system, reduce allostatic load, and improve vagal tone

Central 
principles

Breath timing – attention is given to the number of breaths per minutes and is controlled by either 
lengthening (slowing down) or shortening (speeding up) the inhalation, exhalation, or both
Breath texture – attention is given to smoothness of breath as it travels in and out of the body; includes 
balance of inhalation, exhalation, and suspension of breath, which is controlled in advanced breathing 
practices
Breath space – attention to where breath is sensed and directed in the body, with mindful awareness of 
the balance of breath between the right and left side of the body, between front and back, and across 
the lower, middle, and upper thirds of the torso; also refers to the fullness (or depth) of the breath as it 
is sensed in the body, filling and emptying the lungs to optimum capacity
Breath rest – attention to explorations of the top (between inhalation and exhalation) and bottom 
(between exhalation and inhalation) of the breath, creating increasing gaps; rest breaks at top and 
bottom are calibrated to achieve optimal calming of the nervous system and mind

Central 
practices

Breathing practices range from breath observation (tuning into natural breath) without altering the 
breath to complex control of the breath.
Observation of natural breath is a mindful tuning into how breath travels into and out of the body, its 
timing, texture, space, and natural restfulness
Samples of breathing practices that consciously alter the breath include, yet are not limited to:
  Balancing breathing (e.g., same length inhalation/exhalation)
  Belly breathing (e.g., abdomino-diaphragmatic, thoraco-diaphragmatic)
  Breath retention (e.g., short break at top of breath)
  Cleansing breathing (e.g., alternate nostril breathing)
  Energizing breathing (e.g., breath of fire)
  Victorious breathing (i.e., ocean-sounding breath)

Interior practices: limb #5 – drawing inward

Basic 
definition

Disconnecting from the steady flow of sensory input put through the eyes, ears, nose, taste buds, and 
other sense receptors (e.g., touch, pain, temperature, texture)
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Table 10.1 (continued)

Central 
intention

Directing attention inward to sharpen self-awareness skills of automatic/habitual thoughts, speech, 
actions, and relational patterns (for top-down regulation) or preparatory sets and to halt the constant 
flow of stimulation through the senses that leads to overstimulation, poor concentration, and scattered 
attention

Central 
principles

Moving inward and tuning out extraneous stimuli allows for mindfully exploring and understanding 
mental habits and reactivity, becoming attuned to neuroceptive input. It invites stillness and 
spaciousness in mind and body, without being tossed about on the sea of information that normally 
streams in through the sense organs
When practitioners’ attention is focused inward, the mind can become quiet and the body can become 
calm
When the senses become quiet and attention is tuned fully to inner life, awareness emerges of mental 
habits, preoccupations, fantasies, distortions, and illusions. The lens of perception becomes clean and 
readies the practitioner for transcending habits, emotional reactivity, and cognitive preoccupations
Sense withdrawal is a crucial step toward yet deeper levels of calming the nervous system, reducing 
emotional reactivity, and resting a ventral vagal space of safety and peace

Central 
practices

Drawing inward is achieved through practices as uncomplicated as:
  Sitting still for a moment with the eyes closed to recenter the mind
  Finding an inner point of focus on the activity of the mind
  Withdrawing to an inner physical gaze point (e.g., on the third eye)

Interior practices: limb #6 – concentration

Basic 
definition

Surrendering thought (of which they became aware through sense withdrawal) in exchange for deep 
inner concentration on a single point of focus to achieve mental one-pointedness

Central 
intention

Integration of top-down and bottom-up self-regulation invites the mind to become honed and clear, like 
a still lake, transcending mental states that are disturbing, upsetting, distracting, discouraging, lethargic, 
heavy, agitated, or restless

Central 
principles

Single focus of attention emerges through concentration and creates stillness in the nervous system, 
calming emotions, body, and mind.
The practitioner moves into a relaxed ventral vagal space, drawn away from mental chatter, 
multitasking, and distraction
Concentration’s a single-pointed focus, the antithesis to multitasking and multiattending. The mind 
moves into clarity, focus, and even luminosity

Central 
practices

Concentration practices reduce mental chatter and connect practitioners to their true self beyond 
thoughts, emotions, and ego-identification
On the mat, concentration may mean:
  Focusing on something that is inspiring, such as the image of a revered teacher or a loved one
  Focusing attention through the chanting of a mantra, the intoning of the syllable “om,” or the 

repetition of a meaningful word (e.g., peace)
  Finding a physical focus point (such as the breath or the movement of the belly)
Off the mat, specific practices may include:
  Practicing an everyday, routine task with full attention and focus
  An action as uncomplicated and ordinary as being fully focused on washing a dish or peeling a piece 

of fruit can become a concentration practice
  Playing a piece of music
  Being in a state of flow during physical exercise (including yoga posture practice)
Concentration is also honed through guided imagery exercises, body scans of internal states, loving 
kindness practices, and other visualizations that keep attention single-pointed, honed, and alert. 
Although such practices are often called “meditations,” in the yogic tradition, they constitute 
concentration practices

Interior practices: limb #7 – meditation

Basic 
definition

Achieving an effortless state of awareness and deep concentration that transcends even a single point of 
focus

Central 
intention

New neural pathways are forged – neuroplasticity and increased gray matter volume in certain parts of 
the brain noted in yoga and meditation practitioners are not solely due to meditation; however, 
meditation is the most effective of the yoga strategies in facilitating new learning and synaptic 
pathways in the brain

(continued)
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 Changes that Emerge from an Integrated Yoga Practice

Research evidence that yoga, in its many manifestations, is helpful for a variety of challenges and 
with many types of individuals begs the question how this change is facilitated [69, 86]. In fact, 
the synergy of the multitude of practices within yoga has a profound impact on several human 
systems that greatly affect day-to-day functioning, wellness, and resilience in times of stress, 
busyness, challenge, and demand [101]. Yoga optimizes autonomic control, regulates endocrine 
(e.g., via a decrease in cortisol and an increase in gamma-aminobutyric acid) and immune func-
tion, shapes adaptive emotional and behavioral responses, and downregulates reactivity (as evi-
denced by less widespread arousal, enhanced vagal tone, improved relaxation response, and 
cardiac variability). It facilitates “optimal physiological conditions” [104], enhances executive 
functioning and working memory, increases pain tolerance, and facilitates adaptive emotions and 
behaviors by helping practitioners hold a positive attitude, find new ways of dealing with old 
inputs, and make accurate discernments in times of stress and challenge [89, 104]. Yoga increases 
resilience in body, emotion, and mind and brings about self- regulation that supports adaptive 
responsiveness to meet the needs of the environment, body, emotions, and mind. These salutary 
benefits arise because yoga affects and integrates bottom-up and top-down pathways in the human 
brain for coping with internal and external demands, while it recalibrates the nervous system and 
maintains homeostasis in body and mind (Table 10.3).

Table 10.1 (continued)

Central 
principles

A decisional gap (between stimulus and response) opens through meditation that helps practitioners to 
engage in new choices and to exercise conscious authorships over emotions, cognitions, behaviors, and 
relationships
A sense of spaciousness and peacefulness emerges from meditation and ushers in sufficient tranquility 
so that sensations, emotions, and thoughts that arise while seated no longer become a disturbance. They 
are observed, noted, and let go. They inform the practitioner more deeply about ingrained emotional 
and mental habits. Practitioners develop the capacity to observe these stirrings without losing a sense of 
peace and spaciousness
Choice and adaptive, resilient decision-making about new emotional, mental, behavioral, and relational 
choices emerge when a gap opens in awareness

Central 
practices

Meditation is a seated (or if physically necessary, reclining) practice in which the skills of all prior 
limbs come to their full flowering in that they have built the platform upon which the meditator can rest
Meditation is practiced in such a way that:
  The body is at ease, the breath is calm, and the mind is tuned inward
  Good posture supports the body
  Rhythmic breath supports the calming of emotions
  The mind is still and no longer serves as the constant interpreter and evaluator of experience
  This combines stillness and prepares the practitioner for moving into a natural state of being and 

experiencing
Interior practices: limb #8 – absorption

Basic 
definition

Once a practitioner has a regular and committed integrated yoga practice, the spontaneous experience 
of the eighth limb of yoga can arise – absorption. Absorption is not a practice but an experience; it is 
the spontaneous arising of a felt sense of integration or oneness that is beyond an ordinary state of 
consciousness

Central 
intention

Purpose and interconnection arise in absorption. Practitioners gain a clear recognition of the 
interconnectedness of all sentient beings and a profound connection to a greater whole. Typically, a 
feeling of being complete, whole, or integrated arises along with the experience of unity with 
everything. In absorption, practitioners experiences mindful and joyful connection to a greater purpose 
and a sense of community or belonging
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Table 10.2 Documented health benefits of yoga

Documented physical health benefits: musculoskeletal disorders and symptoms

Balance [82, 91, 107]
Low back pain [21, 27, 29, 30, 115]
Neck pain [27, 29, 30, 73]
Musculoskeletal pain [81]
Posture [81, 107]
Range of motion [3, 43, 82]
Documented physical health benefits: pain-related disorders and symptoms

Arthritis [6, 27, 29, 30]
Chronic pain [16, 63, 95]
Restless legs [47]
Headaches [52]
Documented physical health benefits: chronic and life-threatening illnesses

Cardiovascular disease [3, 8, 24, 25, 84, 96]
Inflammation [59, 60]
Respiratory illness [1, 72]
Cancer [15, 28, 40, 74, 98, 118]
Diabetes [71, 94]
Digestive/metabolic disorders [62, 68, 103]
Documented physical health benefits: well-being

Insomnia [7, 44]
Fatigue [10, 43]
Immunity [2, 41, 43]
Documented mental health benefits: clinical symptoms and disorders

Anxiety [57, 66, 88]
Anger [55, 77, 64]
Depression [17, 20, 55, 61, 64, 65, 93, 97, 117, 109]
Attention deficit [22, 50]
Eating disorders [18, 76]
Trauma spectrum [19, 33, 75, 99, 106, 111]
Documented mental health benefits: well-being

Stress perception [13, 56, 67]
Coping skills [23, 77, 92]
Emotional well-being [92, 105]

Table 10.3 Pathways of sensory processing engaged in integrated yoga

Neuroception The evaluation of current level of safety that results in a felt sense of safety, danger, or life threat, 
followed by a commensurate nervous system response that activates either the ventral vagal 
complex (safety), the sympathetic nervous system (danger), or the dorsal vagal complex (life threat)

Interoception The capacity to attune to, receive, process, and integrate signals about the internal state of the body, 
including the capacity to sense the physiological state of the body from within via sensations 
arising from various physiological systems of the body, including but not limited to the respiratory, 
cardiac, gastrointestinal, thermoregulatory, and nociceptive systems

Exteroception The ability to attune to stimuli from outside the body, to perceive and take in stimulation from the 
outside world – conscious and mindful perception of these stimuli can then be integrated with 
stimuli arising from inside the body (i.e., interoception) and help inform neuroception of safety, 
danger, or life threat

Proprioception The ability to grasp the body’s movement, directionality, alignment, and positioning in space based 
on stimuli that arise solely from within the body itself
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 Top-Down Pathways

Top-down mechanisms or pathways are those that arise from the cerebral cortex of the brain and as 
such are conscious and intentional. They promote self-regulation through a variety of mechanisms, 
including cognitive appraisal, reframing, goal setting and follow-through, attention, intentionality, 
and planning [101, 102, 104]. They decrease the level of engagement of the sympathetic nervous 
system, decrease habitual emotional and behavioral reactivity, enhance working memory and atten-
tional stability, improve executive functioning, and make stress perception more accurate [36, 38, 39]. 
Top-down pathways can modulate neuroendocrine output, modulate vagal tone, and affect sympa-
thetic nervous system output. As these changes take effect, even immunity and inflammation are 
improved [101].

Yoga integrates many practices that strengthen top-down processing and regulation, not the least of 
which include the exercising of attention, intention, and mindfulness and the ongoing conscious mon-
itoring of the internal states of body, breath, and mind [14]. Further, yoga’s first and second limbs as 
well as other aspects of deeper yoga psychology [35] help practitioners explore motivations, habits, 
patterns, and predilections [101]; engage in metacognition that allows for decentering and perspective- 
taking to result in less rigid world views and greater behavioral flexibility [110]; and step out of habits 
to make conscious choices based on clear intentions and deliberate preparatory plans [79, 80]. Yoga’s 
values clarification practices encourage practitioners to engage in ethical inquiry that supports inten-
tional decision-making and discernment [102]. Yoga’s interior practice of drawing awareness inward 
supports the development of selective attention and response inhibition, facilitating self-regulation 
and conscious decision-making [39]. Concentration practices, as interior or posture practices (via 
gaze points or mindful attention of a particular part or state of the body), contribute to strengthening 
downward self-regulatory control and behavioral flexibility. In fact, all interior practices encourage 
practitioners to reappraise and reframe their lived experience (e.g., reconceptualizing “discomfort” as 
“sensation” [90]). Finally, even posture practices in and of themselves can  demonstrate positive effects 
on top-down pathways through demanding planning, problem-solving, set- shifting, and decision-
making skills [90].

 Bottom-Up Pathways

Bottom-up mechanisms modulate activity in the lower regions of the brain, via ascending pathways 
that reach from the brain stem, through the limbic system, to the cerebral cortex, including the anterior 
cingulate and insula [104]. Inputs into the bottom-up circuits arise from somatic, sensory, visceral, 
cardiovascular, and immune receptors in the body and affect immunity, psychological health, and 
physical well-being. Bottom-up inputs also arise from the autonomic nervous system (sympathetic 
and parasympathetic) and the hypothalamic-pituitary-adrenal axis. Bottom-up mechanisms can con-
tribute to self-regulation; however, they do so not via conscious and intentional cognitive processes 
(as is the case with top-down processing), but via unconscious responsivity to the perceived demand 
characteristics of a particular input. Symptoms of illness and injury arise from the bottom-up 
pathways.

Many yoga practices facilitate accurate perception of sensory inputs through careful attention to 
bodily states, especially as mediated by mindful breath and posture practice. Breathing practices induce 
calmness in the nervous system with subsequent relaxing responses in the neuroendocrine system via 
release of oxytocin and prolactin [90]. Successful autonomic nervous system control and decreased 
endocrine release in turn results in enhanced social bonding and decreased emotional reactivity [83], 
[101]. Posture practice helps practitioners learn to maintain a balanced nervous system in the face of 
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challenge, as physical and sympathetic arousal from movement is effectively managed by the teacher 
through careful postural sequencing and processing of exposure, extinction, and adaptive responsive-
ness [39]. Finally, while not a limb of yoga, chanting or intoning a mantra such as the word “om” are 
additional yogic practices that assert positive autonomic control [102].

 Polyvagal System and Top-Down/Bottom-Up Integration

A crucial player in top-down and bottom-up functions is the vagus (tenth cranial) nerve or polyva-
gal system [83]. The vagus nerve is the primary conduit for communication about the internal state 
as perceived through various sensory systems to the brain. It relays physical, mental, and environ-
mental sensory input (from the bottom) via the anterior cingulate cortex and the insula to the pre-
frontal cortex (to the top). It integrates emotion, cognition, and conscious deliberation about sensory 
input from the top to the bottom, creating a network and integration across brain structures for an 
integration/collaboration of the top-down and bottom-up pathways. Top-down bottom-up integra-
tion facilitates balance in the polyvagal system, allowing for a calm, integrated, and resilient 
response [39, 90, 101, 102].

The smooth and adaptive integration of bottom-up and top-down pathways is not ingrained, since 
humans may develop habitual patterns wherein responses are driven reactively by one or the other 
system [79]. The polyvagal system is the human threat detection system that is unconscious and arises 
at the sensory receptor level via a process called neuroception; neuroception of the environment or 
internal state can result in three possible reactions: safety, danger, or life threat (terror). Neuroception 
of safety activates the ventral vagal complex (VVC) of the polyvagal system. The VVC supports 
physiological recovery, emotional processing or interoception, mental regulation, and prosocial 
behavior [104]. The VVC facilitates social engagement and connection through release of oxytocin 
and prolactin, prosocial behavior, engaging voice and facial expressions, and a relaxed posture. 
Neuroception of danger activates the sympathetic branch of the autonomic nervous system, readying 
the organism for fight or flight, mobilizing a response that increases the likelihood of survival. It 
results in increased muscle tone, redirection of blood flow from the periphery to the core, inhibition 
of the gastrointestinal system, dilation of the bronchi, and increase in heart rate and respiration (among 
other physiological responses). Neuroception of life threat activates the dorsal vagal complex (DVC) 
and results in immobilization of the organism. Human beings in this situation shut down, freeze, or 
“play dead.” An organism in a state of life threat exhibits decreased muscle tone, decreased cardiac 
output, and reflexive defecation and urination (among other physiological responses) to reduce life 
functions to the least amount needed for survival.

Humans tend to have habitual or preferred response styles (mediated by the vagus) that develop 
through experience and learning histories over the developmental span [79, 101, 102]. Some indi-
viduals have greater likelihood to perceive safety (living more commonly in their relaxed, engaging, 
and restorative ventral vagal space); others have a response set for danger (living in a near-constant 
state of sympathetic arousal, isolation, and physiological overload or breakdown); and some expect 
life threat and develop a habitual pattern of shrinking back from life, withdrawing – even dissociat-
ing – from human experiences. Top-down and bottom-up mechanisms are set in place that perpetuate 
these preparatory styles and thus can also become the mechanism for change.

As demonstrated above, yoga offers many strategies for top-down and bottom-up processing, 
most of which work in tandem with each other for a natural integration of these pathways through 
the synergistic combination of several limbs of yoga. Additionally, yoga facilitates the change of 
habitual styles by making practitioners more behaviorally flexible, emotionally resilient, and cogni-
tively complex to deal responsively with each input in the moment as it unfolds, rather than reac-
tively based on learning history and experience. Through various integrative practices, yoga facilitates 
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top-down bottom-up integration, ushering in greater response flexibility and decreased reactivity. 
Yoga creates bidirectional feedback and feedforward loops in the brain that result in greater accuracy 
of input detection and interpretation and in greater resilience and self-regulation in emotional, men-
tal, and behavioral responses [39, 101, 102]. Yoga stimulates the basal ganglia corticothalamic cir-
cuits that help humans unlearn maladaptive behaviors and allow for extinction learning. 
Simultaneously, yoga (especially through mindfulness practices) creates greater connectivity of the 
caudate with other (higher and lower) brain regions, facilitating new, goal-directed, flexible learning 
and behavior [38, 90]. Yoga employs strategies that restore balance to the nervous system through 
supporting preparatory mind sets that place the organism into the ventral vagal (i.e., calm, relaxed, 
interpersonally engaged) space. This effect is important as the polyvagal system regulates allostatic 
load.

 Allostasis and Accurate Sensory Processing

Allostasis is the “ability of an organism to maintain stability/homeostasis through change by actively 
adjusting to both predictable and unpredictable events” [90]. Yoga offers many tools that decrease 
allostatic load by offering behavioral choices, emotional flexibility, and cognitive reappraisal and 
restructuring. Resilience in body, emotion, mind, and behavior facilitates a ventral vagal response and 
promotes successful, integrated (bottom-up and top-down) self-regulation. Allostasis is dependent on 
the capacity to take self-regulatory action based on accurate internal [26] and external [116] sensory 
pathways to bring the organism back into balance. Much of what yoga facilitates is exactly that: it 
prepares the practitioner to take appropriate and adaptive action in response to accurately perceived 
demands and needs.

Mindfulness (embedded in all yogic practices) encourages accurate perception of sensory input 
from internal bodily systems and environmental stimuli through conscious awareness of neuroceptive, 
interoceptive, exteroceptive, and proprioceptive stimuli (see Table 10.3). In other words, yoga encour-
ages conscious and accurate processing of sensory input from inside and outside the body to support 
self-regulation, bidirectional feedback, and adaptive behavior in support of successful allostasis 
(ongoing change in the service of stability). Yoga facilitates meta-awareness and in-the-moment lived 
experience of interoceptive, neuroceptive, exteroceptive, and proprioceptive inputs and thus helps 
integrate information across top-down and bottom-up systems, a process that is largely coordinated 
by the insula [38, 39, 108, 104].

These inputs and the capacity to appraise their ebbing and flowing are crucial to psychological 
well-being, via accurate cognitive appraisal of what is perceived [26], and physical health, via sup-
porting physiological homeostasis [42], as well as to feeling present, effective, and proactive in the 
world. They become useful – and are applied in the context of yoga – when they are interwoven 
with mindful and accurate appraisal of the environment or context to result in adaptive behaviors 
[34] and to break reflexive and reactive cycles of responses. Practitioners of yoga learn to live in a 
ventral vagal state and to allow for and successfully manage a sympathetic nervous system response 
during danger. This mindset of preparedness allows the individual to maintain or re-achieve ease 
while being ready to take action when environmental demands arise. In moments of terror or life 
threat, a mindset of surrender may be invoked, wherein the practitioner moves from the ventral 
vagal to the dorsal vagal space to allow for momentary submission or freezing if the environmental 
demand is best met by this response. The resultant level of resilient and adaptive self-regulation 
reduces allostatic load and brings homeostasis or stability to body, emotion, and mind  – called 
equanimity in yoga’s language.
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 The Practical Application of Yoga

Yoga’s salutary effects outlined above are mediated by the eight limbs of yoga (Table 10.1). Integrated 
yoga is a profound journey into body, emotion, mind, and relationship. It is best entered through the 
guidance of a skilled teacher who can help each practitioner determine an optimal entry point and plot 
a trajectory for development. Clinicians who wish to help clients augment their physical or mental 
health journey through yoga practice need to be well-informed about the components and benefits of 
the practice and how to facilitate a referral to a competent yoga professional who will become a col-
laborator in the patient’s care. Several considerations are crucial.

 Referral for Yoga as a Complementary or Integrative Practice

The research evidence is clear: any individual with mental health or physical health challenges can ben-
efit from a tailored yoga practice. Sadly, under-referral is typical as most healthcare professionals do not 
understand the wide applicability of yoga [100]. However, given the variety of yoga strategies, almost 
anyone can practice yoga. Lifestyle, breathing, and interior practices are accessible to all bodies; pos-
tures come in many forms and can be practiced by nearly everyone. While Western posture practice is 
often (and counter to traditional yoga) forceful, energetic, and focused on physical beauty and fitness, 
yoga’s physical practices can be modified and adapted. Extant stereotypes about yoga postures limit 
access to integrated yoga for the very individuals who could benefit [13, 54, 100]. Media depictions 
imply that yoga is only for those who are already physically adept, slender, White, female, well-to-do, 
educated, flexible, strong, balanced, and healthy [9, 12, 78, 85]. Nothing could be further from the truth. 
Integrated posture practice is carefully adapted to individual practitioner’s needs by being taught holisti-
cally with yoga blocks, straps, bolsters, blankets, pillows, and chairs to allow practitioners of all shapes, 
ages, sizes, states of health and mobility, and experience to participate fully and reap the benefits of 
mindful self-expression and self-exploration [11, 53, 112]. Properly modified, nearly all patients, even 
those with physical challenges and limitations, can experience the benefits of yoga.

 Choosing a Yoga Offering and Professional

Making informed choices about selecting a yoga teacher is key to successful referral and practice. To 
help clinicians make optimal choices about referral to a qualified yoga professional, it is helpful to 
have facts about yoga as a profession. Three forms of yoga exist: yoga classes, therapeutic yoga, and 
yoga therapy. Yoga classes take place in gyms, studios, and even online and range widely from being 
strictly exercise-based to including accessible practices from all yoga limbs. Yoga classes may vary 
regarding the degree to which they are tailored to individual needs through encouraging props, adap-
tations, and modification. Therapeutic yoga may happen in the same venues as yoga classes; how-
ever, it is practiced in small groups (not to exceed eight to ten practitioners), typically has more than 
one teacher (and/or assistants), identifies a health or mental health purpose (e.g., yoga for back pain, 
cancer survivors, stress reduction), and makes demonstrated use of props, adaptations, and modifica-
tions. Yoga therapy is offered one-on-one (at most one-on-two if a yoga professional has two patients 
with very similar clinical presentations) and is completely tailored to the needs and presenting health 
or mental health concerns of the patient. Yoga therapy is typically collaborative with a referring clini-
cian and presumes a working relationship of the patient with a primary care physician or 
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psychologist (depending on referral). Props, modifications, adaptations, and tailored interventions 
are a requirement.

Clinicians who draw on the resources of yoga for diagnosable health or mental health challenges 
are best served by referring to therapeutic yoga or yoga therapy. Some carefully selected yoga classes 
can also be helpful with the caveats that the patient has manageable symptoms (without significant 
contraindications for posture practice) and the clinician is familiar with the yoga teachers and their 
approach to teaching, ascertaining a full eight-limb practice and modifiable posture practice. For cli-
ents under preventive care, general yoga classes are an appropriate resource as long as offered classes 
are sensitive to individual needs by offering props and modifications. Therapeutic yoga can be helpful 
for preventive care by honing in on particular risk factors of a given individual.

Yoga classes and therapeutic yoga can be offered by a range of qualified yoga teachers. The basic 
qualification of a yoga teacher is a 200-hour certification, preferably from a yoga school registered 
with Yoga Alliance (www.yogaalliance.org), the national body that registers and reapproves yoga 
teachers and schools. Yoga teachers with the designation RYT200 have this certification. Advanced 
teachers have additional training from at least a 500-hour certification program. If registered by Yoga 
Alliance, these teachers are designated as RYT500. An “E” with the RYT designation verifies that the 
teacher has significant experience (with at least 1000 teaching hours). Yoga therapy is offered by 
qualified yoga therapists, a new profession that requires extensive training and certification by the 
International Association of Yoga Therapists (www.IAYT.org). Yoga therapists have a designation of 
C-IAYT to show their proper training and credentialing from a certified yoga therapy program. 
Credentials of yoga teachers and therapists can be verified online through the two certification 
bodies.

 Choosing a Yoga Venue

A beneficial yoga venue can serve patients who are presenting either for integrated yoga classes, or 
therapeutic work may be part of a yoga studio, gym, hospital, mental health center, primary care cen-
ter, physical therapy practice, and other designated physical space with several key characteristics that 
include, but may not be limited to, appropriately sized dedicated space, ample offerings of yoga props, 
proper teacher-to-student ratios, proper lighting, and a harmonious atmosphere conducive to mindful 
work. Prop offerings include mats, blocks, blankets, and bolsters. Some venues provide straps, chairs, 
eye pillows, therabands, balls, meditation cushions, meditation beads, hot water bottles, and sand-
bags. Venues that offer therapeutic yoga likely have most or all of these materials but may be slightly 
smaller in size, appropriate to the class size that is offered. Yoga therapy venues meet all of the above 
materials requirements. They may also be located in a private office that is significantly smaller if the 
provider does not offer yoga classes.

Table 10.4 offers a handout for clinicians and patients that guides successful referral of patients to 
yoga. It guides the clinician to optimal venues and teachers who apply integrated teaching or thera-
peutic models. No such guide is perfect; each clinician is encouraged to make personal contact with 
potential yoga professionals also to assess how well the individual communicates and whether a posi-
tive and collaborative working relationship can be established.

 How to Talk to Patients About Yoga

As patients likely hold stereotypes about yoga, clinicians are well-served to discuss the principles of 
an integrated yoga practice before making a referral. Giving patients information about the eight 
limbs and yoga’s accessibility to all types of needs lays a helpful foundation for an informed choice. 
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Table 10.4 A handout for facilitating a success referral to a yoga professional

Exploring the level of integration of a yoga class

Look for teachers who offer access to all eight limbs of yoga:
  The psychology and lifestyle practice of yoga via attending to ethics, dedication to practice, setting intentions, 

making a commitment to practice, finding a clear purpose in life
  Posture practices that are mindful and carefully adapted to your needs (more about this below)
  Breathing practices with particular attention to the teaching of mindful breathing in all postures
  Concentration practices such as imagery, focusing on an object of attention (e.g., your breath), or being mindful of 

a particular part of your body
  Meditation practices – either guided or silent
Look for teachers who incorporate mindfulness skills by inviting their students to:
  Explore how each posture feels in their body, directing them to important sensations that may arise
  Explore how the breath moves through the body
  Notice all sensations that arise in body, mind, breath, or emotions with curiosity
  Notice what is happening inside their body, breath, and mind without judgment
  Differentiate for themselves which sensations are “good” or manageable and can be endured versus which 

sensations are danger signs that suggest that they may want to move out of a posture or away from a particular 
breath or interior practice

  Experience internal sensations – perhaps using the words interoception (feeling their body from the inside out) and 
proprioception (learning where body parts are in space)

  Experience external sensation – perhaps using the word exteroception (sensing stimuli that arise from outside the 
body, perhaps attending to temperature, air flow, the ground underneath)

  Be fully aware of every moment of their practice and be present for every movement and breath
Look for teachers who are most concerned not about the outer appearance of a physical posture, but how the posture 
feels in the practitioners’ body by:
  Using props to make the pose accessible to your body shape and needs
  Inviting postures to be modified, skipped, or adapted in any way that feel optimal to their body, breath, mind, and 

emotional needs
  Adapting the posture to their personal needs, not adapting postures to a particular concept of how a posture should 

look
  Offering multiple ways to do each posture that allows them to choose the variation that feels best for them in any 

given moment
  Practicing with mindfulness so that they are fully aware of every movement as they move into a posture, are in a 

posture, and move out of a posture
Exploring the appropriateness and atmosphere of the physical space

Look for venues that create a conducive atmosphere for integrated yoga:
  Adequate room size given the size of the average class
  Natural or adjustable lighting
  Quiet atmosphere, perhaps using some soft music (but no loud activating exercise music)
  Thoughtfulness about chemical sensitivities by being scent-free
  Few or no mirrors on the wall – unless teachers can articulate the mirrors’ purpose
  Privacy during classes (rather than large windows that invite onlookers)
  Easy access to restrooms and changing rooms
Look for venues that are inviting to a variety of yoga practitioners as evidenced by:
  Sliding fee scales that invite anyone to participate
  A varied and diverse student body who comes regularly
  Small classes or large classes only with multiple teachers and assistants
  Therapeutic class offerings that may include adaptive topics such as trauma-sensitive yoga, yoga for aging bodies, 

yoga for individuals with physical challenges, yoga for particular health conditions

(continued)
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Once a referral is made, staying in touch with patients about their experience of yoga is crucial to 
ascertain that the practice is unfolding as intended, resulting in benefit not harm. Ongoing communi-
cation with the yoga professional is indicated, especially if it is a yoga therapist. Clinicians and yoga 
therapists can be mutually helpful, keeping each other informed of changes, challenges, and improve-
ments in shared clients (with proper releases of information).

Finally, patients and clients can be encouraged to engage in a home practice once they have worked 
with a yoga teacher or therapist for a while. The teacher or therapist will be the best resource for 
patients to help them build a successful home practice. Many online resources offer excellent yoga 
classes at very low cost. Patients can consult with their yoga teacher about how to choose optimal 
online yoga classes.

 Conclusions

Yoga is a lifestyle, a choice, and a commitment. It is a transformative wellness practice that can lead 
to profound neurophysiological, neurocognitive, and psychological changes; it is a gateway to deep 
joy, equanimity, compassion, and kindness. Clinicians who want to incorporate yoga as an integrative 
treatment strategy for their patients can do so by drawing on appropriately trained yoga professionals. 
Clinicians will also benefit from a personal yoga practice so they too can experience the many benefits 
the practice has to offer and so they may better understand their patients’ yoga experiences.

Table 10.4 (continued)

Look for venues that can accommodate a range of personal needs as evidenced by:
  Yoga props for adapted or modified physical posture practice, such as mats, foam blocks or bricks, bolsters or 

pillows, blankets, chairs, and straps (if not contraindicated by the clientele), therabands, and other items that can 
serve to help practitioners’ body be more comfortable

  Yoga props for breathing practices, such as bolsters and blankets
  Yoga props for interior practices, such as bolsters or meditation cushions, blankets, eye pillows, mala beads, or 

similar items that may be used for meditation, concentration, or introspection
Exploring the personal response to the offered practice

Practitioners are encouraged to assess how they respond to the offered practice by conducting a self-assessment after 
the first few classes at a new venue or with a new teacher. The following questions are offered as a guide to this 
self-assessment. There are not definitive answers to the questions below. They are offered to foster an exploration of 
whether the practitioner felt protected, safe, cared for, and seen as a human being. Yoga classes aim to develop 
community and support. Yoga classes aim to adapt to individual bodies and needs, not the other way around
1.  How do you feel physically? Do you feel as though you worked too hard? Are you sore in a way that is 

comfortable? Was your body challenged without being hurt?
 2.  How do you feel emotionally? Did you feel safe? Did you feel vulnerable or unprotected? Do you feel calm and 

settled at the end of class?
 3.   Did you connect to other students in the class? Were there positive interactions with others in the class – including 

students, teacher, or assistants? Do you have a sense of community?
 4.  Did you feel heard and seen? Were you greeted by the teacher? Was there a farewell? Did the teacher or assistant 

acknowledge your presence and efforts?
5.  Did you receive the support you wanted or needed from the teacher or assistant? Were you offered adaptations or 

props? Did you receive encouragement? Were you pushed into anything you did not really want to do?
6.  Did you feel pushed into anything you did not really want to do? Were you invited to test your own appropriate 

boundaries? Were you given options about how far to move into your practice? Did you receive invitations not to 
overdo or over effort?

7.  Were you kept physically safe? Did you receive physical adjustments without invitation (against your wishes)? Did 
the teacher ask for permission to touch before doing so? Did you have the option to decline physical contact?

 8.  Did you feel encouraged to adapt poses and breathing to your needs? Were you given help to do so? Were you 
offered props? Were you invited to explore various expressions of the same pose to find the one that fit you best?
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Key Points
• Mindfulness meditation has been studied in numerous populations with physical or mental 

health conditions with positive findings.
• Consistent practice of mindfulness meditation can improve physical, mental, and cognitive 

health.
• Mindfulness does not eliminate or cure diseases but rather allows a person to live with these 

states with less suffering.
• Mindfulness programs offer a variety of meditations for practice that cultivate mindfulness.
• Clinicians can benefit personally from mindfulness as well as use the practices with clients 

or patients.
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 Mindfulness

Jon Kabat-Zinn, the creator of the Stress Reduction Clinic at the University of Massachusetts and 
founding director of the Center for Mindfulness in Medicine, Health Care, and Society, described 
mindfulness as awareness that arises through paying attention, on purpose, in the present moment,  
and without judgment [1]. Mindfulness meditation is the application of techniques in practice to 
change individual “mindless” habits (physical, psychological, psychosocial) to awareness of the expe-
rience in the moment, thus allowing the individual to make conscious choices in place of mindless 
reactions [2].

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-030-30892-6_11&domain=pdf
mailto:KSpadaro@Chatham.edu


160

 Mindfulness Interventions

Grossman et al. [3] described mindfulness-based stress reduction (MBSR) as “a group program that 
focuses upon the progressive acquisition of mindful awareness, of mindfulness.” Jon Kabat-Zinn, a 
MIT trained molecular scientist, introduced western medicine to mindfulness in 1979 when he devel-
oped a program at the University of Massachusetts for chronic pain patients. The 8-week program 
taught patients mindfulness meditation and other techniques to increase pain management skills when 
all else had failed. His philosophy blended eastern practices of yoga and Buddhist teachings with sci-
ence to assist individuals to cope with stress, pain, anxiety, and illness. Skills and techniques taught 
included mindful eating, awareness of the breath, the body scan, various sitting meditations, walking 
meditation, guided meditations, yoga, and loving kindness meditation. Currently, there are almost 
23,000 certified MBSR instructors that teach mindfulness meditation and techniques with clinics in 
almost every state and in over 30 countries [4], not including instructors that provide some variation 
of mindfulness-based approaches in practice or in research settings.

Mindfulness has been used as an intervention in numerous studies. Beside the standard 8-week 
MBSR intervention (Table 11.1), mindfulness-based cognitive therapy (MBCT), mindful eating, and 
other modified mindfulness interventions have been studied in various condition-specific populations, 

Table 11.1 MBSR 8-week intervention

Week Content focus Mindfulness meditations

1 Overview:
Mindfulness vs mindlessness, theory, self-regulation

Abdominal breathing
Eating meditation
Body scan
Yoga mountain pose

2 Perceived stress, response vs reaction
Practicing being mindful in routine activities

Sitting meditation
Standing yoga postures
Body scan
Awareness of breath sitting meditation

3 Being present, pleasure, and power in being present Laying down yoga w/ brief body scan
Sitting meditation
Walking meditation

4 Bringing curiosity and openness to our experiences, 
cultivate a different relationship with stress

Standing yoga
Sitting meditation

5 Awareness of “being stuck,” habitual reactions vs 
mindfulness, perception, and appraisal allows us to 
respond

Standing yoga
Sitting meditation

6 Growing capacity to self-regulate, stressful 
communication, and relationships

Standing yoga
Sitting meditation

All-day 
class

Silent retreat
Cultivating sense of presence in the moment, being 
open to any experience that arises in the silence

Yoga
Sitting meditation
Body scan
Walking meditation
Mountain or lake meditation
Eating meditation w/ meal
Loving-kindness meditation

7 Integrating mindfulness practice into daily life Mountain meditation
Lake meditation
Loving-kindness meditation

8 Keeping the practice going both formal and informal 
practice

Body scan
Yoga
Sitting meditation

Note. Adapted from the revised Mindfulness-based stress reduction authorized curriculum guide [5]. All sessions start 
and end with a brief opening and closing meditation
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in addition to well populations, and diverse social populations. MBCT is an 8-week group interven-
tion that teaching mindfulness skills and techniques combined with cognitive tools to assist individu-
als dealing with depression. Mindful eating is a group intervention that targets issues with food, 
eating, body cues, and sensations to address individuals with poor eating habits or eating disorders. 
Other mindfulness-based interventions (MBIs) have taken components of these structured programs 
to address areas of distress, disease, or dysfunction. This chapter will review and summarize research 
findings on these various health conditions and populations.

 Mindfulness Qualities

Mindfulness qualities or attitudes support the practice and are the foundation of mindfulness as a way 
of life. Kabat-Zinn [1] defined seven qualities, non-judging, patience, beginner’s mind, trust, non- 
striving, acceptance, and letting go, that are emphasized and reenforced through mindfulness training. 
These attitudes are a challenge because typically the opposite of each is how we function on a daily 
basis, thus creating or increasing our suffering. However, in practicing mindfulness, we can learn to 
let go of judgments, sit with our “suffering” without reacting, and learn to see each moment with an 
openness, a new beginning not marred by past experiences. An additional quality that has arisen from 
the first seven is self-compassion. We can learn to trust ourselves by sitting with thoughts, feelings, 
and sensations compassionately, without judgment, accepting what is occurring in the moment instead 
of fighting it, not working so hard for results, and letting go of the need to hold on to what we desire 
in life. It is learning to accept life as it presents itself in the present moment; as in the words of Kabat- 
Zinn, “it is what it is.” Each of these factors can assist in improving an individual’s way of thinking, 
feeling, sensing, and being regardless of the health issues or symptoms they may be struggling with 
in the present moment. As a clinician, it is essential to teach patients best practices to improve mood 
and quality of life, reduce stress, and promote symptom reduction.

 Physical Health Benefits

Mindfulness does not eliminate or cure disease states. However, mindfulness has been found to be 
helpful in symptom reduction of various diseases. Physical health and symptoms of disease are 
impacted by stress and mood. Numerous mindfulness intervention studies have reported a reduction 
in stress, improvement in mood, and increased quality of life and symptom-specific improvement 
related to disease states. The goal of treatment is to improve the individual’s functioning. This section 
will identify the various symptoms and disordered populations that have been studied using mindful-
ness interventions and discuss their findings.

 Stress

Stress can be a physical, mental, or psychological factor that creates tension within an individual. 
Although stress can be normal and motivating, prolonged stress has a negative impact on individuals. 
Symptoms of prolonged stress can include but not be limited to chronic headaches, gastrointestinal 
symptoms, body pain, hypertension, changes in appetite, sleep disturbance, higher risk of infection, 
irritability, anger, numbness, anxiety, feeling overwhelmed, tearfulness, poor concentration, low moti-
vation, memory issues, and unclear thinking. Prolonged stress impacts an individual’s ability to 
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function in everyday life and can lead to ineffective coping such as increased alcohol intake, illegal 
drug use, overuse of prescription medications, and overeating.

Many reviews of stress and mindfulness on specific populations with a medical or psychiatric 
diagnosis are cited in this chapter that show significant findings on stress as an outcome. To address 
healthy adults, a meta-analysis of 17 studies on mindfulness and stress found a positive impact on 
physiological and psychological measures of stress, including significant findings on the perceived 
stress scale when used in the studies explored [6]. A meta-analysis of 45 randomized control trials on 
meditation interventions and stress in a variety of populations found an impact on physiological mark-
ers for stress with a reduction in cortisol, C-reactive protein, blood pressure, heart rate, and  triglycerides 
[7]. As clinicians, awareness and management of client stress levels are necessary to promote positive 
treatment outcomes.

 Chronic Pain

The Centers for Disease Control and Prevention (CDC) reported that approximately 20.4% or 
50.0 million of US adults surveyed in 2016 met the criteria for chronic pain [8]. The report acknowl-
edged that these individuals are impacted in multiple areas of their life beyond pain: mobility, mood, 
daily activity functioning, and poor quality of life.

Mindfulness was studied in general chronic pain patients, lower-back pain patients, and patients 
with fibromyalgia as stress, depression, and anxiety can exacerbate pain symptoms. Several review 
and meta-analysis articles of randomized control trials (RCT) found in well-designed studies using 
MBSR were effective in reducing pain intensity and disability significantly with an increased accep-
tance of the chronic condition, a reduction in depressive symptoms, and in some studies increased 
quality of life [9, 10]. Teaching mindfulness techniques to patients suffering from chronic pain can 
improve their functioning and mood while decreasing the amount of pain medication needed. These 
are important findings given the impact of the opioid crisis facing us today from pain management 
medical interventions.

 Cancer

The second leading cause of death in the USA is cancer, with one in four deaths related to this diag-
nosis [11]. This statistic alone emphasizes the physical and emotional toll it takes on individuals 
receiving a cancer diagnosis. In addition, more individuals with cancer are surviving longer due to 
advances in treatment but still dealing with symptoms of anxiety, depression, sleep disturbances, 
stress, pain, fatigue, and worry of reoccurrence.

A significant number of studies have explored mindfulness-based interventions to address those 
symptoms in individuals with various types of cancer. A systematic review and meta-analysis of 
mindfulness-based interventions in breast cancer patients [12] found significant changes in reducing 
anxiety, depression, fear of reoccurrence, and fatigue along with significant improvement in physical 
functioning, physical health, and emotional well-being. Other studies focusing on a variety of cancers 
noted significance in improvement in mood and stress symptoms, anxiety, pain, and psychological 
distress [13].

Mindfulness was also explored in biological markers, as stress has been found to be related to 
cancer outcomes. Studies on cancer patients’ sleep, immune system, endocrine, and autonomic func-
tioning demonstrated outcomes of an improved sleep, a reduction in cellular inflammatory response 
(thought to be more favorable to cancer outcomes), a decrease in cortisol (with higher levels related 
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to poorer clinical outcomes), and a reduction in systolic blood pressure [13]. A systematic review in 
advanced cancer patients found that MBIs reduced symptoms of depression and anxiety, improved 
quality of life, and increased acceptance of the disease, while the authors also recommended that the 
interventions be briefer and more flexible for this population [14]. As a clinician, note that teaching 
clients mindfulness skills can improve the individual’s stress level, mood, quality of life, and sleep 
and potentially impact their cancer.

 Cardiovascular Disease

Cardiovascular disease, including hypertension, coronary artery disease, heart failure, and stroke, is 
the number one leading cause of preventable death in our country. It is impacted and exacerbated by 
stress, obesity, diabetes, and smoking as well as other health issues. It can impact an individual’s 
mood and daily functioning, as well as lead to disability and death.

A systematic review of mindfulness interventions on patients with cardiovascular disease reported 
a significant decrease in systolic and diastolic blood pressure readings and a significant reduction in 
stress, depression, and anxiety [15]. In another summary of cardiovascular-focused mindfulness stud-
ies, findings included significantly improved quality of life in self-report, reduced norepinephrine 
levels, better cardiopulmonary performance on exercise testing, decreased anxiety, emotion regula-
tion improvement, and healthier coping skills [13]. Obesity, diabetes, smoking, and stress are dis-
cussed separately. However, with positive outcomes in those areas combined with these findings, 
mindfulness interventions can improve cardiovascular health in clients.

 Chronic Fatigue Syndrome and Related Disorders

Chronic fatigue syndrome, irritable bowel syndrome, and fibromyalgia are often referred to as func-
tional or somatization disorders, which confound practitioners and patients alike. These disorders are 
medically challenging and chronic, with treatment-resistant symptoms that combine emotional dis-
tress with physical pain or discomfort. Unexplained symptoms may include muscle pain, fatigue, 
headache, sleep disturbance, depression, and anxiety.

A review and meta-analysis of 13 studies on mindfulness-based interventions (MBSR, MCBT, and 
MBI) used with this population found significant improvement in reducing pain, symptom severity, 
depression, and anxiety while improving quality of life [16]. Given the frustration to both the provider 
and patient, the clinician may find mindfulness a teachable method to cope with the chronicity of the 
disorder and improve patient mood and symptoms through practicing observing, non-judging, aware-
ness, and acceptance.

 HIV/AIDS

Human immunodeficiency virus (HIV) attacks the immune system, damaging its function to fight off 
illness. Acquired immune deficiency syndrome (AIDS) is the condition or the final stage of HIV pro-
gression when the immune system is severely damaged. Individuals with AIDS tend to die of infec-
tions or other illnesses because of their compromised immune system. Current antiretroviral drugs 
have virtually eliminated AIDS in the treated HIV population.
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The antiretroviral medication can have distressing side effects including diarrhea, nausea and vom-
iting, neuropathic pain, and skin rashes that may impact adherence to treatment. A RCT using mind-
fulness found that the MBSR participants had fewer medication side effects and reduced 
symptom-related distress [17]. A systematic review showed significance in a reduction in stress and 
depression using mindfulness-based therapies and a stabilization or improvement in CD4+ T lympho-
cytes that stimulate the response to fight infection in studies using MBSR or MBCT [18]. Clinicians 
working with HIV-infected patients may find mindfulness helpful in addressing mood and could 
potentially impact their immune system to increase ability to fight infection.

 Rheumatoid Arthritis

Rheumatoid arthritis (RA) is a chronic, debilitating autoimmune disorder characterized by joint pain, 
inflammation, and destruction. Other organs can also be affected such as the skin, eyes, lung, and heart as 
well. Typical symptoms include swelling, tenderness, redness, stiffness, and pain of the joints that may 
flare and then subside for periods of time. Inflammation in rheumatoid arthritis is partly mediated by 
cytokines. Increased stress can release more cytokines that increase inflammation and disease activity.

The chronic pain systematic review discussed above included studies of patients with RA.  The 
grouped effects of RA studies found a decrease in pain and depression with an improved quality of life. 
A RCT using a mindfulness-based intervention with RA patients found significant treatment effects 
posttreatment and maintained at 12 months in psychological distress, self-efficacy pain and symptoms, 
emotional processing, fatigue, self-care ability, and overall well-being [12]. Although mindfulness 
interventions did not impact the disease process, clinicians offer mindfulness interventions for physical 
and emotional well-being for these individuals.

 Diabetes

According to the CDC [19, 20], over 30 million people (9%) in the USA have diabetes. Diabetes is a 
group of chronic diseases that can be well managed with a prescribed medication regime and lifestyle 
changes including nutrition and physical activity, but poor adherence increases the risk for devastating 
complications.

A meta-analysis reported a consistent psychological impact from mindfulness-based interventions 
of individuals with both type 1 and type 2 diabetes with a decrease in depression, anxiety, and distress 
[21]. A recent study using the MBSR program with type 2 diabetes (T2DM) patients found significant 
improvements in overall mental health, depression, anxiety, fasting blood sugars, and hemoglobin 
A1c compared to the control group both 8 weeks at completion of the MBSR program and 3 months 
following [22]. These findings support the use of mindfulness-based interventions as an adjunct to 
medication, nutrition, and physical activity to improve outcomes of patients with diabetes.

 Obesity and Disordered Eating

The US population is struggling with an obesity epidemic. Carrying extra weight used to be the sign 
of wealth and success; now it is classified as a medical disorder and considered the second leading 
cause of preventable death in the USA after cardiovascular disease [23]. Obesity increases the risk of 
comorbid conditions such as T2DM, hypertension, high cholesterol, coronary artery disease, stroke, 
gall bladder disease, some cancers, osteoarthritis, sleep apnea, and physical pain.
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Mindfulness-based interventions have been found to significantly improve healthy eating. Benefits 
include an increase in awareness to make healthier food choices, a decrease in the amount of food 
intake or restrained eating, a reduction in emotional eating episodes, and a purposeful slow eating pro-
cess [24, 25]. A systematic review found that out of 19 mindfulness-based studies focused on dietary 
changes and physical activity, 13 reported significant weight loss [26]. Another review of 15 studies 
noted an average weight loss of 4.2 kg. with overall effect sizes large for improving eating behaviors; 
medium for depression, anxiety, and eating attitudes; and small for body mass index (BMI) and meta-
cognition [27]. The act of bringing awareness to the present moment without judgment and with com-
passion can challenge the automatic, mindless eating behaviors by reducing impulsivity, allow for 
alternative choices besides eating when recognizing emotions, and recognize physiological hunger and 
satiety cues [28]. Clinician and client resources include the mindful eating meditation from MBSR, the 
mindful eating program online through the Center of Mindfulness at University of Massachusetts, and 
the mindfulness-based eating awareness training [MB-EAT] from the Center for Mindful Eating.

 Smoking

According to the CDC [19, 20], tobacco use is the leading cause of preventable disease, disability, and 
death in the USA. Annually, a half million Americans die prematurely of smoking or exposure to 
secondhand smoke, and another 16 million suffer from a serious illness caused by smoking. Medical 
care costs are approximately nearly $170 billion to treat smoking-related disease in adults [19, 20].

Several systematic reviews and meta-analyses on smoking and mindfulness-based interventions 
reported mixed reviews with limited data. One review did report “promising” results with most stud-
ies showing the mindfulness had a positive impact on quitting rates, identifying smoking triggers for 
relapse prevention, reducing cravings, and decreasing the number of cigarettes smoked [29]. The 
authors found that mindfulness produced positive effects on smokers’ mental health that may in turn 
contribute to smoking cessation and reduction. A meta-analysis of four RCTs using mindfulness with 
smokers found a moderate effect size, supporting mindfulness for smoking cessation with one study 
demonstrating a 25% cessation rate for mindfulness group compared to a 13% rate in the comparison 
group 4 months following [30]. In addition, the authors noted that on the Five Facet Mindfulness 
Questionnaire (FFMQ) used in several of the studies, there were significant improvements on the 
components of observing, non-judging, and non-reacting. Those mindfulness skills enhanced by prac-
tice can assist smokers in their attempts to quit.

 Mental Health Benefits

Mindfulness-interventions have demonstrated positive findings in the domains of stress, physical 
symptoms, and chronic disorders. Mental health disorders can originate in childhood or adulthood 
and can be acute or chronic in nature. Just as stress and mental health disorders impact physical 
health, physical health and stress can also impact the individual’s mental health. The goal of treatment 
for mental health is to maintain or improve the individual’s functioning in all areas of life.

 Depression

Major depressive disorder affects almost 7% of the nation’s population annually and is the leading 
cause of disability in the age range of 15–44 years [31]. Depression can be acute or recurrent and 
chronic with psychological and physiological symptoms that can impact daily functioning. Symptoms 
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can include depressed mood, anxiety, guilt, hopelessness, sadness, sleep disturbance, changes in 
appetite and weight, fatigue, agitation, irritability, tearfulness, social isolation, poor concentration, 
rumination, and suicidal thoughts.

Mindfulness-based cognitive therapy (MBCT) has been shown to be effective in both acutely 
depressed individuals and in reducing depression relapse. In a meta-analysis of RCTs using 
mindfulness- based interventions, including MBCT on individuals in acute depression, findings were 
significant for depressive symptom reduction [32]. In a meta-analysis and review of MBCT compared 
to usual treatment for individuals with repeated depressive episodes, MBCT participants had a 34% 
reduced risk of relapse [33]. A recent meta-analysis of 17 studies that focused on the efficacy of 
MBCT on individual patients found a reduced risk of relapse within 60 weeks post intervention com-
pared to other active treatments [34]. The qualities that mindfulness practice develops, observing, 
non-judging, acceptance, and letting go, can assist the individual struggling with depression.

 Anxiety

In comparison with depression, 19% of US adults experienced an anxiety disorder in the past year, 
approximately 40 million adults between the ages of 18 and 54 years with 31% experiencing anxiety 
at some point in their lifetime [35]. Because many individuals do not seek treatment, the current esti-
mates are closer to 30%. Anxiety is the number one mental health problem with over $42 billion in 
healthcare expenditures to treat the population that often seeks evaluation for physical disorders 
instead of or in addition to mental health treatment. Anxiety disorders include generalized anxiety 
disorder, obsessive-compulsive disorder, social anxiety disorder, panic disorder, specific phobia dis-
order, separation anxiety disorder, and agoraphobia. Symptoms can include but are not limited to 
excessive worry about the future, negative thoughts and self-criticism, irritability, restlessness, muscle 
tension, fatigue, lack of concentration, racing thoughts or unwanted thoughts, fear, feeling of impend-
ing doom, insomnia, nausea, palpitations, or trembling.

In a review of 13 RCTs with different anxiety disorders or anxiety symptoms, mindfulness inter-
ventions significantly improved anxiety compared to usual treatment [36]. Another review of 16 
studies using mindfulness interventions or evaluating mindfulness in the presence of mood and 
anxiety disorders found that mindfulness was an effective intervention for anxiety and mood disor-
ders [37]. This review included studies using MBSR, MBCT, and other mindfulness-based inter-
ventions as well as different delivery modalities (online versus in-person). Practicing observing or 
detaching from thoughts and emotions, non-judging, acceptance, and staying in the present moment 
through mindfulness practice can reduce ruminations, acknowledge worrisome thoughts and feel-
ings, decrease critical self-talk, increase self-compassion, and plan to act instead of react in the 
moment.

 ADHD

Attention-deficit hyperactivity disorder has been predominantly a child and adolescence disorder that 
has been identified more recently in adulthood as well. Symptoms include inattention and/or hyperac-
tivity/impulsivity that impair functioning. ADHD in childhood impacts the child’s ability to develop 
healthy social relationships, function academically, and puts them at higher risk for substance abuse 
and other mental health issues. In adults, ADHD can impair the individual’s ability to focus and func-
tion at work, impair relationships, and lead to substance abuse. Both populations can create stress on 
families and loved ones.
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In a systematic review of mindfulness interventions on ADHD, nine studies were evaluated: five 
with adults, two with adolescents, one with both adults and adolescents, and one with adolescents and 
children. Mindfulness was studied mostly with adults with ADHD with significant improvement in 
attention [38]. The authors concluded that they could make no conclusions on the effects on mindful-
ness on ADHD in children and adolescents due to the limited number of studies and lack of well- 
designed studies. However, another systematic review and meta-analysis of 11 studies that focused on 
children with ADHD found statistically significant effects on the outcomes of ADHD symptoms: 
hyperactivity and inattention (parent and teacher report), as well as parent-child relationship, execu-
tive functioning, on-task behavior, parent stress, and parent trait mindfulness ([39], p. 3155). The 
authors did acknowledge considerable study bias and recommended further studies that are well- 
designed. These findings do support clinicians offering mindfulness with patients needing attention 
improvement, given that the practice of mindfulness focuses on paying attention with intention in the 
present moment.

 Addictions

Addiction refers to the physiological and or psychological dependency on substances or actions that 
drive compulsive behaviors of seeking a pleasurable reward even when there may be severe negative 
consequences and the reward may no longer be achievable. Addictions for this chapter refer to all 
substance use disorders, tobacco, and gambling addictions. Although food and other behavioral addic-
tions are not included here, mindfulness could be useful in the treatment of other addictions.

A review of 54 RCTs was conducted that used mindfulness-based interventions on adolescents and 
adults that struggled with substance use (42), either alcohol, cocaine, opioids, or marijuana, and 
tobacco (9) or gambling (3) addictions [40]. The review found positive findings that these studies saw 
a reduction in dependence, craving, and other addiction-related symptoms as well as an improvement 
in mood: depression, anxiety, and perceived stress. MBIs also appeared to improve emotional dys-
regulation. Several individual studies within this review also demonstrated specific findings of a 
reduction in drug use days, reduction in the number of legal issues, and a reduction in relapse, a 54% 
reduction with drugs and a 59% reduction with alcohol in a 12-month period [9]. Of note, not all posi-
tive effects were maintained at follow-up in many of the studies; the authors recommended the use of 
MBI as an adjunct to usual treatment as the best treatment option. The mindfulness qualities of 
observing, acceptance, awareness, and non-judging were identified as an important role in reducing 
cravings. To address addiction cessation and to prevent relapse, clinicians need to provide tools for the 
client to dealing with their cravings.

 Post-traumatic Stress Disorder

Post-traumatic stress disorder (PTSD) can arise from experiencing a traumatic event or repeated 
events such as combat for soldiers, rape, and other sexual abuse, physical violence, or any other event 
that is scary, shocking, or dangerous to the individual. PTSD can be acute or chronic with symptoms 
that can be debilitating: sleep disturbance, nightmares, flashbacks, fear, depression, anxiety, hyper-
arousal, avoidance, irritability, and anger that can interfere with daily functioning.

In a review of 12 studies using MBSR or trauma-adapted MBSR, MBCT, and other MBIs, the 
authors recommended that mindfulness interventions had the most evidence and were the best treat-
ment for PTSD [41]. They found significantly reduced symptoms of PTSD and attention difficulties 
with sustainment over time and a low attrition rate of participants, thus making this intervention 
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highly acceptable. The authors drew correlations between mindfulness and PTSD symptoms reduc-
tion findings. Through mindfulness, individuals can view and accept traumatic memories, related 
thoughts, and stimuli without judgment and have a reduction in shame and improvements in emotion 
acceptance and regulation. In addition, mindfulness qualities of nonreactivity and acting with aware-
ness appeared to be associated with a reduction in hyperarousal symptoms, seen by staying in the 
present moment and not reacting to external stimuli.

 Other Mental Health Disorders

Patients with either schizophrenia or bipolar disorder were also studied using MBIs. Schizophrenia is 
a severe and chronic mental health disorder that can be very disabling and affects thinking, emotions, 
and behaviors, characterized by symptoms of hallucinations, delusions, thought disorders, agitated 
body movements, reduced expression of emotions, speaking or feelings of pleasure, difficulty begin-
ning and sustaining activities, poor focus, inattention, memory issues, and lack of understanding or 
processing of information [42]. Individuals with bipolar disorder, (often referred to as manic- 
depression) experience mood, energy, and behavioral changes, that range from extreme “highs” 
(manic) to extreme “lows” (depression) or less extreme changes that impair their ability to function 
[42]. Manic or excessive behaviors such as hypersexuality, religiosity, spending extravagantly, gam-
bling, and other risky behaviors often cause trouble for the individual in work, social, family, and legal 
situations, while depression can also impact those areas from a lack of activity, social isolation, irri-
table mood, or suicidal thoughts.

A review of MBIs for psychiatric disorders included 7 studies on patients with schizophrenia that 
showed strong effects on schizophrenia-specific symptoms [43]. Another review of MBIs and 
patients with schizophrenia discussed specific research findings: a 50% reduction in rates of hospi-
talization, significant increases in well-being and global functioning, significant decrease in auditory 
hallucination distress, reduction in stress, negative self-judging, depression and anxiety, increased 
self-acceptance, effective coping, and awareness of distressing thoughts [44]. Mindfulness attitudes 
and qualities are reflected in the findings: awareness, acceptance, non-judging, and stress 
reduction.

A review of 13 studies on MBCT and patients with bipolar disorder found that the intervention was 
effective in combination with medication therapy [45]. The analysis of studies found improvements in 
cognitive functioning and emotional regulation as well as a reduction in anxiety, depression, and 
mania symptoms that were maintained for a year when mindfulness was practiced regularly. 
Mindfulness increases awareness of thoughts and feelings, improves concentration and focus, and can 
reduce reactivity leading to improved choices and behaviors.

 Cognitive/Academic Benefits

Learning is a complex process and is a result of what the learner does and thinks [46]. Learners enter 
into the relationship with a foundation of prior knowledge and some degree of stress and anxiety. 
Moderate to high levels of anxiety and stress can negatively impact academic performance causing 
memory impairment that directly affects information recall and attention [47, 48]. Mindfulness medi-
tation has the capacity to assist in reducing test or performance anxiety, improving working memory, 
and enhancing attention and focus and can lead to overall improved academic performance [49].
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 Concentration/Selective Attention

The ability to think about only what you are doing without distraction is a common general definition 
of selective attention or concentration. Concentration is a skill to be mastered and supports learning. 
Studies have shown that the human mind is estimated to wander roughly half of our waking hours 
[50]. Learners often find concentration to be difficult due to the myriad of internal or external distrac-
tors including one’s own thoughts on past or future, multitasking, noises in the environment, and/or 
the presence of other people.

Foerde et al. [51] studied the effect of multitasking on attention and found that the division of 
one’s concentration between two tasks showed a decreased ability to generalize learned informa-
tion to new situations. Keeping the learning environment consistent helps to minimize distractions, 
and consistency of duration that the learner is engaged in the task in regard to time has also been 
shown to support concentration. Improving sustained attention and concentration takes effort and 
practice. Mindfulness has been shown to help a person to improve attention and concentration by 
teaching the learner to be aware of their thoughts and bring themselves back to the task at hand 
[52–54].

 Memory

According to the Merriam-Webster Dictionary, memory is defined as “the power or process of repro-
ducing or recalling what has been learned and retained especially through associative mechanisms.” 
In neuroscience, memory is a complex phenomenon often broken down into subcomponents such as 
episodic memory, working memory (short term), and long-term memory [55].

A recent study revealed that mindfulness meditation may support memory by increasing the avail-
ability of attentional resources and decreasing cognitive distraction as well as presenting a consistent 
picture of benefit in episodic memory enhancement [56]. A three-arm RCT found using short-term 
mindfulness training improved the working memory capacity, thus cognitive functioning in adoles-
cents compared to a yoga intervention and a control group [57]. This finding supports the use of brief 
interventions that are better suited for school-aged students.

 Wellness and Optimal Functioning

Perhaps the best documented outcomes of mindfulness meditation are for the purpose of wellness and 
improving quality of life. Kabat-Zinn’s mindfulness-based stress reduction (MBSR) has been reviewed 
in a systematic review of 101 peer-reviewed publications showing a moderately large effect on out-
come measures of mental health, somatic health, and quality of life including social function at post- 
intervention when compared to an inactive control group [58].

Mindfulness teachings and practice and teaching focus on capturing a quality of consciousness of 
the current experience. Whereas mindlessness is the state of functioning of being less “awake” or 
functioning in a state of habitual or automatic behavior which often manifests as reactive functioning. 
Mindfulness has been shown to shift individuals from automatic thoughts, habits, and unhealthy 
behavior patterns toward and promoting informed and self-aware behavioral and emotional regula-
tion, which has long been associated with well-being enhancement [59].
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 Health and Well-Being

As healthcare shifts from disease management to preventative care, mindfulness has become an increas-
ingly sought out intervention for wellness. Reduction of emotional distress, stress management, aiding 
in sleep improvement, promoting overall health, and quality of life are all outcomes of mindfulness 
interventions that have been studied and reported in the literature [60]. Mindfulness meditation is 
taught and practiced to develop within the individual attention to the present surroundings and one’s 
body sensations with a non-judgmental awareness for the benefit of openness and acceptance to the 
circumstances of one’s life. The consistent practice of mindfulness is done for the purpose of acting 
with more kindness to one’s self and others rather than reacting impulsively without thoughtful consid-
eration of the consequences. This basic philosophy of mindful living lends itself to the cultivation of 
patience, relaxation, and purposeful intentions that at the core embody human wellness.

 Stress Management

A certain amount of stress can improve human performance; however intensified stress or prolonged 
exposure to stress can be damaging to one’s health. Continued stress can lead to ruminations that have 
been shown to consume energy and intensify the stress experience [61]. Mindfulness-based stress 
reduction has been shown to reduce stress in healthy persons [62] as well as those with diagnosed with 
chronic conditions [60].

In over 70% of the studies included in a systematic review and meta-analysis, mindfulness inter-
ventions were shown to be a superior intervention to controls which included social support, pharma-
cology, education specific to the patient’s condition, and relaxation training [60]. Typical mindfulness 
interventions used in stress reduction throughout the literature include body scan, which teaches the 
person to gradually mentally sweep from head to toe to observe sensations, attention on breath aware-
ness, and relaxation as well non-judgmental awareness on the stream of thoughts and distractions that 
continually flow through the mind [60, 62].

 Resilience

Some researchers have described this human quality as the ability to adapt positively to stressful situ-
ations or being able to continue your life engagement in a functionally stable manner with a degree of 
wellness despite ongoing stress [63, 64]. In a general perspective, resilience is seen as a process of 
“bouncing back” from difficult experiences and having the capacity to adapt to changing 
circumstances.

A core tenet of mindfulness training is impermanence, that is, the awareness that things do not stay 
the same and one’s emotional reactions to change. Human resilience can be conceptualized on a con-
tinuum ranging from low resilience (poor bounce-back ability) to extremely high (strong capacity to 
recover and or to thrive). Mindfulness interventions in particular have been shown in a recent system-
atic review to be effective in assisting people with developing or strengthening their resilience [65].

 Sports Performance

Athletes have found mindfulness useful to improve their mental fitness and physical performance. 
Coaches have also integrated mindfulness techniques as a form of psychological training designed to 
complement physical training [66]. Athletes require common skills such as cognitive ability, 
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concentration, and attention to the sport while playing as well as emotional regulation strategies for 
peak performance in competitive sports. Traditional psychological techniques used in sports training 
are geared toward the ability to demonstrate self-control in mind and physical body for developing 
optimal performance in the athlete’s individual sport [67].

While this is useful, mindfulness-based techniques are focused on training a person to accept, feel, 
and observe the present states of the body and mind without judgment. Once mastered, athletes can 
employ mindfulness skills to mentally distance themselves from their emotional feelings, thoughts, 
and perceptions by learning to employ the perspective of observer. The positive effects of mindfulness 
have recently been studied and shown to be effective suggesting that mindfulness training had, in 
comparison to a classical sport psychology program, a significant effect [66].

 Military Personnel

Military personnel are tasked with protecting our country against harm, often placing themselves at 
risk both physically and emotionally. Training and performance in the field require attention, focus, 
and the ability to act, not react. Soldiers are faced with situations that demand multitasking and quick 
responses, but intrusive thoughts, mind wandering, and off-task thinking may hinder their ability to 
function effectively and increase the risk of prolonged stress. In addition, PTSD (addressed above) is 
a common diagnosis for military personnel making this group one of the highest risk occupational 
groups due to their exposure to traumatic events [68]. Being engaged in combat and deployment away 
from family and social support increases the likelihood of experiencing mental health problems such 
as depression or anxiety.

A study using a MBI on marines prior to deployment found an increase in mindfulness and a reduc-
tion in stress with correlation between practice time (higher time), mindfulness (greater), and stress 
(reduced) [69]. In a later study, Jha et al. [70] found that extended periods of high demand experienced 
during predeployment training may increase attentional lapses; however, soldiers in the mindfulness 
intervention experienced less lapses in attention, reporting more awareness of their attention in train-
ing (improved working memory). Rice et al. [71] utilized both an in-person and virtual MBI with 
active military personnel and demonstrated clinical reductions in PTSD symptoms and improved 
attending abilities in ADHD symptoms compared to the control group. Mindfulness research is con-
tinuing to focus on the military to enhance resiliency, improve mental health functioning, and increase 
cognition.

 Mindfulness Meditation Practice

Mindfulness is the awareness of the present moment by bringing attention with intention and without 
judgment. Given that much of the time, individuals function mindlessly, on autopilot, or multitasking, 
living mindfully does not come naturally to most. To become more mindful in everyday life, one must 
practice through mindful meditations and techniques.

 Mindfulness Meditation Exercises

The MBSR program is a structured process that provides meditation exercises to increase mindfulness 
in its participants. Over the course of 8 weeks, the MBSR group experiences mindful eating, breathing 
meditation, the body scan, sitting meditation, mindful yoga, walking meditation, the lake- and mountain- 
guided imagery exercises, the 3-minute check-in, and the loving kindness meditation. Participants are 
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instructed to practice mindful meditations 45–60 minutes a day. MBCT combines mindfulness medita-
tion with cognitive therapy exercises to focus on thoughts and ruminations. MB-EAT combines mindful-
ness meditation with specific eating meditations to increase awareness of physical cues of hunger and 
satiety as well as using all of the senses in the experience of eating. Exercises focus on increasing aware-
ness of emotional triggers to eat, reducing negative thoughts and feelings related to food and weight, and 
making active choices in food selection, amount, and place of eating. Many of these meditations can be 
found on CDs, in books, on websites, or in organized trainings.

MBIs typically combine some aspects of the above meditations to cultivate mindfulness while also 
adding or emphasizing components that specifically address the problem, diagnosis, or population. 
An example would be in mindfulness relapse prevention programs or substance recovery programs 
that create exercises and meditations that focus on very specific areas that the individual needs to 
address, such as identifying triggers of relapse and using mindfulness exercises to acknowledge the 
thoughts and feelings related to the triggers without acting on them. There are many mindfulness- 
based programs available in a variety of formats: group, individual, in-person, and online.

One question that always comes up is how much time and practice is necessary to increase mind-
fulness, given the lack of time everyone complains of in daily life. Although MBSR requires eight 
weekly sessions with 45–60 minutes of practice a day, other researchers have found that smaller incre-
ments of practice, as little as 5–10 minutes a day with three to four weekly mindfulness meditation 
trainings, can increase mindfulness, reduce impulsive behaviors, and moderate affective reactivity [9]. 
That said, there are further gains to be had when practice time increases. This is still an area that 
requires further research.

 Potential Risks

As with any intervention, clinicians need to be aware of any potential risks to their clients. While the 
main focus of the chapter was sharing the evidence of the benefits of mindfulness, it is important to also 
discuss risks. Some mindfulness practices have the individual experience the positive and or negative 
states of emotions, thoughts, and physical sensations in the moment. Asking an individual to sit with 
feelings of joy, excitement, and pleasure can be a positive experience, yet when feelings of intense 
negative emotions such as anger, guilt, and shame arise, the practice can become quite uncomfortable 
and even overwhelming. The practice is to assist individuals in accepting all that is being experienced 
in the present moment, learning to tolerate and accept that experience without judgment. Learning 
comes from acknowledging the full experience, recognizing the temporary state of the experience, and 
gaining insight into how one reacts to the experience or can choose to respond differently.

Although mindfulness is a natural human capacity, the clinician still needs to be mindful of the state 
of the client to do no harm and to recognize when emotional suffering is extended. There has been some 
concern about the risk of mindfulness interventions on individuals with PTSD triggering flashbacks or 
a major depressive episode, in individuals with schizophrenia triggering psychosis, or in individuals 
with epilepsy triggering seizures [9]. However, the literature does not report incidence or prevalence of 
these events. There is a potential risk in more intensive residential mindfulness retreats that can last 
2 weeks to several months. The author pointed out the smaller-spaced dosing of mindfulness as seen in 
MBSR and MBCT, and most MBIs reported in the literature appear to have minimal risk but also great 
potential benefit for those under high stress or experiencing physical or emotional trauma.

As a clinician, safety is foremost in treating patients. Two mindfulness researchers addressed safety 
in an article outlining three key components of a safe practice [72]. These are the intensity of the pro-
gram, the vulnerability of the individual, and the quality of the instruction (see Table 11.2). Individuals 
may experience distress over negative feelings, discomfort in sitting meditation or practicing yoga, or 
challenged by the experience, but it is not lasting or seen as harmful but rather a component of the prac-
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tice and growth. There have been rare anecdotal reports of adverse experiences from high level of inten-
sity, with an individual experiencing serious psychological effects that took months or longer to recover. 
That said, the vulnerability of a client is not always known and is not easily detected based on individual 
characteristics. Individuals vary in their susceptibility to tolerate intense feelings or experiences. 
However, the research has shown that even individuals with diagnoses or symptoms that could increase 
their vulnerability, mindfulness interventions have been delivered safely. The quality and delivery of the 
instruction rely on the clinician or researcher implementing the mindfulness program. Qualified instruc-
tors are trained to know how to address issues and concerns that arise during trainings, adjust and clarify 
teachings as needed, and act as a support and guide by providing feedback to individuals participating.

 Mindfulness Practitioners

To promote and teach mindfulness with patients, it is recommended that the clinician have a personal 
mindfulness practice. This practice has personal benefits to the clinician and also professional bene-
fits. Bringing a moment-to-moment awareness with a non-judging and accepting attitude promotes 
trust in the clinician-client relationship and strengthens the client engagement. Letting go of precon-
ceived ideas and being patient as the client explores mindfulness in their time and way can bring about 
change based on the client’s needs, not the clinician’s agenda.

There are also trained MBSR and MBCT instructors to refer clients. The Center for Mindfulness 
in Medicine, Health Care, and Society provides a list of certified instructors at https://www.umassmed.
edu/cfm/mindfulness-based-programs/mbsr-courses/find-an-mbsr-program/. There is an option for 
either a MBSR or MBCT instructor listing. The center also offers an interactive online MBSR pro-
gram and a self-paced video-recorded MBSR program in partnership with Sounds True for areas that 
do not have a certified instructor nearby.

However, other healthcare professionals have attended the Center’s training and have a mindful-
ness practice but have not gone through the lengthy certification process. As a clinician, it is important 
to check on the qualifications of anyone you are referring your patient to. There are important ques-
tions to ask. Where did they receive their training? How long they have been practicing? What type of 
patients they work with and their outcomes with those clients?

 Conclusion

This chapter focused on the health benefits of mindfulness meditation with evidence to support the 
intervention for promoting or maintaining physical and mental health, cognition, and wellness. There 
are still numerous studies that have a specific focus using mindfulness that could not be covered in this 

Table 11.2 Three key components of safe mindfulness practice

Component Description/recommendations

Intensity Low: self-help books, 
mindfulness apps, many 
teacher-led programs

Medium: 8  week MBSR, 
MBCT, other evidence-based 
programs with 40+ minutes 
practice daily

High: mindfulness retreats 1  
week or longer, long periods of 
silence, little instructor interaction

Client 
vulnerability

Clinician assessment pre-monitoring throughout training and adaptation of mindfulness 
meditations/techniques as needed

Quality of 
instruction

Program-specific instructor training, practice guidelines, certification, and a list of qualified 
instructors
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chapter. Evidence cited was mostly based on systematic reviews and meta-analysis of RCTs with a 
few individual RCTs included. It is important to note that not all studies were robust or well-designed 
and most reviews still called for further research in these areas. Yet, the amount of evidence presented 
supports the benefits of mindfulness in health.
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 Introduction

Health and religion have a long-standing relationship that can be traced back to a time when one’s 
physician was frequently a clergy member as well [25]. Since that early period where health and reli-
gion were intertwined, we have seen a push to distance scientific disciplines from addressing religious 
experiences. Yet, the religiously affiliated are estimated to account for 84% of the global population, 
and researchers across disciplines have continued to explore the mechanisms between religion and 
health outcomes [52]. Evidence from decades of research on this relationship suggests a robust and 
mostly positive association between religion and health. However, before describing the associations, 
it is important to note that the majority of research that has been conducted has focused primarily on 
measuring religiousness, not spirituality [10, 12]. Considerable debate regarding the operationaliza-
tion of these terms continues to persist [12, 17, 42, 59, 60].

Religion is described as having an affiliation with a denomination that has a structured set of 
beliefs with activities that are organized and reflect long-established traditions [32]. Religion can also 
encompass a connection to the transcendent in addition to establishing rules and laws for practitioners 
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to follow. Studies frequently assess religiousness by measuring the frequency of engagement in reli-
gious activities or rituals (i.e., church attendance, prayer, and reading religious texts). Comparatively, 
spirituality is described as a broader concept extending beyond religious experiences. It is frequently 
associated with the search for connection with the sacred or transcendent [32]. Most often, studies 
measure spirituality by assessing positive psychological and emotional states (meaning, purpose in 
life, connection, inner peace, etc.), which creates significant overlap between spirituality and mental 
health indicators [21, 22].

In addition to the difficulties in distinguishing religion from spirituality, there are other common 
terms used, such as religiosity, faith, the divine, sacred, and more. There is not enough space in this 
chapter, nor is it the focus, to discuss the differences between the terms. However, the ongoing chal-
lenge to reach a consensus on defining and measuring the terms has implications for interpretation 
of research findings. In clinical settings, it is preferred to appeal to the majority of patients by using 
a broader term like spirituality [23]. More attention to the importance of word choice in clinical set-
tings will be addressed in the section on integrating religion and spirituality into clinical practice. 
The field continues to struggle to agree upon delineations of these terms that satisfy both the research 
and clinical purposes. As this chapter is targeted toward the clinical purpose, we have striven to 
either match the research evidence’s terminology or deferred to using broader terminology as 
appropriate.

 Physical Health

Inherently within the USA, there is a connection between faith and physical health. Faith has proven 
itself to play an integral role in the medical field overall. Of the healthcare systems in America, there 
are 654 Catholic hospitals and 1634 Catholic continuing care facilities [4]. Each day, 1 in 6 patients 
in the USA is cared for in a Catholic hospital [1]. This means in effect that a number of the decisions 
being made concerning many Americans’ day-to-day health are directly influenced by some faith- 
based structure and guidance. On a more personal level, spirituality and religiosity have been shown 
to be advantageous in coping with both chronic and terminal illness [31]. During times of health dif-
ficulty, many people rely on their faith to help understand their misfortune and to draw strength to 
weather their condition [36].

 Prediabetes and Diabetes

In a sample of 30 African-American men living with type 2 diabetes, it was found that the men fre-
quently engaged in religious behavior to aid with the management of their diabetes [40]. These behav-
iors included prayer and overall belief in God, turning things over to God, changing unhealthy 
behaviors, reading the Bible, and gaining support from religious/spiritual individuals. Through prayer, 
the men often asked God to help them both with managing their diabetes and with aiding them in the 
change of behaviors that were exacerbating their diabetes. There was also mention made by the men 
of God giving them diabetes in order to help keep them alive and push them to change their current 
unhealthy lifestyles [40]. In terms of how healthcare professionals can use this information, it was 
suggested that clinicians could utilize the role of spirituality in the lives of diabetes patients to help 
them make sense of their diagnoses. An example of this might be to have a conversation with a 

D. Dragan et al.



179

spiritual patient suggesting that God had allowed them to contract their condition to help them re-
evaluate their lives and their health, rather than it being a punishment.

 Cardiovascular Disease

For those experiencing cardiovascular disease, the role of spirituality has been found to have tangible 
health benefits. Faith in the lives of those with cardiovascular disease has played a role in advanced 
autonomic cardiac control, reduced blood pressure, and reduced pain [3, 15, 33]. Spirituality, defined 
as a closeness to and satisfaction with one’s relationship with God, was found to be significantly 
related to parasympathetic and sympathetic cardiac control in middle- and older-aged adults [3]. 
Further, being more intrinsically religious was also found to be related to experiencing lower blood 
pressure levels in response to stressors [33]. In a sample of African-American women, prayer was 
found to be an adaptive strategy for pain management. One example of such highlighted a woman 
praying to God to remove the pain associated with a heart condition she was facing [15]. Additionally, 
spirituality can also be used to divert attention from the effects of chronic illness, including heart 
disease [15]. As an added health benefit for cardiovascular disease patients, engaging in spiritual self- 
care has been found to mediate the relationship between heart failure and quality of life in African- 
American adults [57]. Realistically, this means that those who practice more spiritual self-care have a 
better quality of life despite also having heart failure. These spiritual self-care techniques included 
practicing yoga or Tai Chi, attending religious services, reading religious texts (e.g., the Bible), pray-
ing, meditation, and/or enjoying/cultivating a relationship with nature [57]. Overall, religiousness is 
associated with lower risk of cardiovascular disease because it is connected to effective coping skills 
to deal with stressors and rules for engaging in healthy behaviors [25].

 Chronic Kidney Disease

Depression has been found to consistently contribute to the reduction of quality of life in those with 
chronic kidney disease (CKD) and end-stage renal disease (ESRD) [5, 7]. In the context of a high 
prevalence and severity of depression on those with CKD, it seems necessary that a coping strategy 
be present to enable successful continuation of life in spite of illness. One of these beneficial coping 
strategies is spirituality. Darrell [8] found that in a sample of 12 African-American adults living with 
ESRD, all of the participants endorsed the role of spirituality within their lives. Spirituality was 
described as having faith that God cares, including utilizing faith to support coping and using prayer 
to develop strength [8]. Prayer, specifically, was identified as an avenue for participants to come to 
terms with their ESRD diagnosis, to seek guidance on decisions regarding their treatment (e.g., the 
use of dialysis), and to generally cope with their illness.

As a special note, some research has called into question the distinction between religion and spiri-
tuality in its relation to health outcomes. It has been proposed that religious measures in their relation 
to health outcomes might be biased, due largely to the fact that most religious outcome measures are 
predicated on religious service attendance [58]. For those who are more physically impaired, religious 
service attendance might not be as feasible, thereby those with the physical ability to attend religious 
services might inherently be healthier than those who cannot, rather than it being a true measure of 
religion’s role in health [58].
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 Mental Health Benefits

 Psychological Distress

Across the most commonly researched diagnoses related to mental health, the evidence suggests 
inverse relationships between faith and psychological distress. More than 444 studies have reported 
findings on the relationship between faith and depression; 61% of those studies found significant 
inverse relationships. Furthermore, 63% of 30 clinical trials found faith interventions produced better 
outcomes than treatment as usual or control groups [25]. In addition, a review study found that at least 
141 studies have assessed the relationship between suicide and religiousness with 75% of the studies 
reporting inverse relationships. Of the 40 most methodologically rigorous studies, 80% found more 
religious individuals associated with fewer attempts and more negative attitudes toward suicide [25].

The relationship between religion and symptoms of anxiety is complex. A general trend indicates 
faith is associated with lower symptoms of anxiety and highlights how people turn to faith to mitigate 
their anxiety (i.e., fear of death, sense of not being alone, and more). Simultaneously, religious beliefs 
have the potential to increase anxiety symptoms due to threat of punishment or judgment for sins. It 
is possible that the increase in anxiety found in some studies may be due to use of the cross-sectional 
methodology. The evidence from a limited number of longitudinal studies suggests anxiety from reli-
gious beliefs may diminish over time, but additional research is needed to confirm this assertion [25].

Religiousness has also been researched as it relates to symptoms of schizophrenia. Many people 
diagnosed with schizophrenia report delusions and hallucinations that involve religious figures or 
beliefs. It can be difficult for clinicians to distinguish clinical symptoms of schizophrenia from deeply 
held religious beliefs. Moreover, the research findings on the relationship between faith and psychotic 
symptoms suggest no consistent pattern. Religious coping is common among patients with schizo-
phrenia, but the ongoing challenge is to differentiate healthy religious coping behaviors from psycho-
sis [23]. In clinical practice, it is recommended to consider a patient’s faith during treatment planning 
and consult with practitioners of the same faith to clarify the severity of psychotic symptoms.

 Psychological Well-Being

In addition to the effect of religion on clinical diagnoses, evidence connecting religion with positive 
emotional states has also emerged. Most studies have found positive correlations between religious 
involvement and positive emotions like well-being, happiness, purpose in life, and self-esteem. Based 
on a systematic review, researchers found that 93% of the 45 studies included reported a positive cor-
relation between faith and sense of purpose in life [23]. Similarly, a review article reported a positive 
correlation between faith and well-being in 79% of the 326 articles included in the analysis [25]. 
These results demonstrate the increase in studies devoted to exploring the effects of faith on positive 
psychology concepts [2]. However, the majority of this evidence comes from cross-sectional studies; 
thus, it remains unclear as to whether high religiosity precedes psychological well-being or if greater 
psychological well-being increases religiosity. More complex and longitudinal study designs are 
being conducted to continue addressing this area of research.

 Underlying Theories

Overall, the research on faith and mental health illustrates how religious and spiritual beliefs indi-
rectly contribute to mental health. Evidence suggests that religious involvement influences multiple 
factors that contribute to mental health, such as chronic inflammation from stress, coping styles, 
attachment styles, social support, childhood environment, decision-making, and self-control. Further, 
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these factors feed off of one another and amplify the effects of religious involvement. There are 3 
primary pathways that religious involvement is associated with positive mental health: (1) religious 
coping provides a sense of meaning to traumatic experiences; (2) most religious belief systems have 
rules that protect their believers from risky health behaviors; and (3) most religious belief systems 
propagate feelings of love toward others, which increases our prosocial behaviors [25, 45]. Given the 
variety of factors involved, a life span approach offers an encompassing framework to identify the 
pathways that connects faith and mental health.

 Religion and Spirituality in Communities

 Health Promotion

Faith communities often act as contexts where spiritual support can give way to the provision of 
health services through the spread of health information and health promotion [37]. People are often 
more likely to seek, comprehend, and implement health information when it is framed in accordance 
with their spiritual beliefs and coming from within their spiritual institutions [37]. It is also the case 
that healthcare professionals are better able to spread their message when going through faith 
communities.

Through the socially supportive aspect of religious environments, it has been suggested that having 
companionships with fellow church members can lead to encouragement of the adoption of positive 
health behaviors [27]. This is speculated to be due to significant others (including close companions) 
prompting and/or persuading their loved ones to engage in behavior to enhance their health [54]. 
Religious involvement has been linked to the tendency to have better health due to engagement in 
positive health behaviors (e.g., following a healthy diet) and avoidance of negative health behaviors 
(e.g., excessive alcohol use) [16]. Further, it has been found that those who are more religiously 
involved (defined by the frequency of church attendance) had significantly better engagement in exer-
cise (including walking), seat belt use, vitamin use, sleep, and usage of preventive healthcare services 
(e.g., dental and physical checkups) than those who attended church less frequently [16]. It has been 
suggested that these heightened health behaviors are due largely to religious tenets associating the 
body with being a temple of God [16].

An applied example of the role of faith-based organizations in health promotion highlights a study 
conducted on the health information shared over the Internet by four African-American Christian 
churches in the Atlanta area [14]. In terms of the health resources found on the churches’ websites, the 
themes of (1) online health education, (2) athletic programs, (3) fitness training, (4) fitness facilities, 
and (5) community outreach and health emerged. Making mention of one specific subheading, under 
the theme of health education, many of the websites included information for congregants pertaining 
to certain diseases and illnesses (including obesity and diabetes). Along with provision of general 
information on these diseases, there were resources on how to manage those diseases and illnesses, 
tied in conjunction with scripture and teachings from the Bible [14]. In practice, it could be helpful to 
either assess what types of health information patients living with chronic illnesses could be receiving 
from their faith communities, and it could be helpful to attempt to establish programs within local 
faith institutions pertaining to healthy lifestyle factors.

 Deleterious Effects of Religion and Spirituality

Negative interactions in the church can come through multiple avenues. A few of the more highlighted 
examples of negative interactions are unfavorable social interactions with fellow church members, 
providing excessive help and/or providing ineffective help [53]. Unfavorable social interactions can 
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include disagreements, criticism, rejection, and violations of privacy by other church members [53]. 
Because it has been found that negative interactions in nonreligious settings can cause adverse health 
outcomes physically and psychologically [26, 41], it has been suggested that negative social interac-
tions affecting health also extend to religious settings where a wealth of social interaction takes place 
[27]. As an example of this, having a higher number of negative interactions with other church mem-
bers is linked to higher endorsement of depressive symptomology and lower endorsement of positive 
well-being [28]. Further, a larger number of negative interactions within the church have led to mem-
bers’ reporting less overall satisfaction with their health along with greater anxiety [30, 47]. Overall, 
the resulting effects of negative interactions in the church were found to be greater than the effects of 
positive interactions [30]. Specifically, excessive demands from other churchgoers are more likely to 
affect depressive symptoms than other forms of negative interaction such as criticisms [9].

There is also evidence to suggest that going through a religious or spiritual struggle can lead to a 
greater risk for mortality [46]. This struggle was described as the feeling of being abandoned by God, 
the questioning of God’s love and care, or feeling that malevolent supernatural forces were at work in 
one’s illness. Among those encountering these religious or spiritual struggles, there was a 19–28% 
increased risk of mortality [46]. Further confirmation of this trend comes from the finding that indi-
viduals who have more doubts regarding their faith also report being less satisfied with their health 
[29]. For clinicians, it is important to be cognizant of the fact that having a patient report on their faith 
might not always mean it is acting as an advantageous factor in their lives.

 Integration into Practice

Given the scope of the research findings presented throughout this chapter, it may seem daunting to 
integrate clients’ religiousness and spirituality into practice. First and foremost, it is recommended to 
include a spiritual history assessment in your clinic’s standard intake procedures across clinical set-
tings. While this should be presented from a neutral perspective (i.e., not implying that one “should 
be religious”), collecting a spiritual history creates space for patients to share their personal beliefs, 
preferences, and the value they attribute to faith in their life. The number of items in the assessment 
may differ based on time constraints and clinical settings. Collecting a spiritual history sets the foun-
dation for the clinician to be able to respect the patient’s beliefs simply by taking the time to ask about 
them. Currently, there is no standardized tool for spiritual histories; but several have been suggested 
to guide clinicians in choosing a set of questions that fits their clinical needs and the treatment setting 
[11, 18, 19, 24, 34, 39]. For many people, it may be beneficial to spend smaller amounts of time over 
several sessions to fully explore the role their faith plays in their life. In particular, this can help 
patients feel more comfortable if they desire to share a religious struggle or a behavior they feel 
ashamed of because of their faith.

In addition to conducting a spiritual assessment, treatment professionals can support patients’ reli-
gious beliefs, and, when appropriate, practitioners can sparingly challenge beliefs that seem to be 
acting as barriers to reaching treatment goals. Being supportive of a patient’s faith can be accom-
plished by encouraging that individual to continue engaging in religious activities that are effective 
coping strategies. Also, clinicians can consider using treatment approaches that are adapted to fit a 
patient’s faith, such as cognitive behavioral therapy that has been developed to integrate the Bible into 
treatment [6, 49, 51]. Professionals can also support patients’ faith by praying with them; however, 
this is a very controversial practice that requires consideration of the power dynamic [23]. Similar to 
the ethics concerning physical contact with clients, praying with patients can be a powerful tool if 
appropriately timed and if initiated by the patient. If the clinician suggests praying together, it could 
put the patient into a position where they feel coerced into praying. For those who are interested in 
further study of this practice, guidelines have been developed [50].
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Integrating a client’s faith into practice in a supportive way can simply involve matching the 
patient’s terminology and illustrating your openness to discussing the importance of their faith. In 
contrast, determining appropriate times to challenge a client’s belief system because it is impeding 
treatment goals or exacerbating symptoms is more difficult. For some, reaching out to family mem-
bers, religious community members, or religious leaders can help with the identification of such 
patients and serve to lend credibility to the treatment approach from the patient’s perspective. This is 
especially true when trying to lessen the rigidity of a patient’s beliefs by demonstrating other 
 practitioners of the same faith tradition are open to modifying certain beliefs to remove the barrier to 
treatment. Therefore, it is possible to intervene when a client’s faith is serving to exacerbate symp-
toms or disrupt therapy; however, the practitioner should approach this cautiously and strive to main-
tain good rapport with the patient.

Lastly, knowing when to refer a patient to another clinician can be challenging, especially for those 
who are less familiar with integrating faith into their practice. Familiarizing oneself with the different 
types of clergy that can provide counseling can be a useful first step. For example, knowing the differ-
ences between a pastoral counselor and a chaplain can help determine which clergyperson would be 
better fit for a particular patient. Similarly, clergy may find it difficult to know when to refer a medical 
or mental health practitioner; it is equally as important for them to familiarize themselves with the 
differences in training across health professionals to make appropriate referrals. The spiritual history 
assessment can help the clinician to identify patients who should be referred based on exploring the 
following factors: severity of the symptoms, conflict between the patient’s religious beliefs and treat-
ment goals, depth of rapport built with the patient, pervasiveness of the patient’s faith influencing 
treatment, and the availability of clergy members for referral [23].

Even on a basic level, patients’ spiritual concerns can begin to be addressed by asking a question 
as simple as: “is there anything about your spiritual beliefs you think it is important for me to know in 
order to help me care for you better?”

 Challenges to Integrating

One relevant challenge to the integration of faith with health could be the role of the faith institution, 
including its clergy, in the lives of spiritual patients. Mentally and emotionally, there is evidence to 
suggest that about one-fourth of people primarily look to clergy for aid when encountering psychologi-
cal difficulties [56]. Clergymen have been shown to frequently reference mental health disturbances 
such as anxiety, depression, and worry within their sermons [35]. Specifically, these illnesses can often 
be described in sermons as being the result of external supernatural forces (e.g., the devil) or the result 
of internal spiritual shortcomings (e.g., not being in adherence to one’s faith or the biblical teachings) 
[35]. Presumably, for individuals who turn to religious leaders for help with mental disturbances and 
received a message that partially placed blame for their disturbance on the individual’s own religiosity, 
this could increase the individual’s resistance to seek treatment from mental health professionals.

In similar manner, the receptiveness of the clinician to engage in discussions on the patient’s faith 
could hinder the integration of faith in clinical practice. There seems to be an overall trend indicating 
a lack of receptiveness by professionals to gather spiritual histories of patients. While most healthcare 
professionals feel they should be aware of patients’ spirituality, an additional majority said they would 
not directly ask about spiritual topics unless the patient was dying [38]. Thereby, clinicians and prac-
titioners should be aware of how their own receptiveness (or lack thereof) to the conversation of spiri-
tuality might be a barrier to addressing and meeting patients’ spiritual needs.

Clinicians’ personal religious or spiritual beliefs can also serve as a barrier to providing compe-
tent treatment that involves faith. People commonly turn to their religious or spiritual beliefs to aid 
in decision-making processes, which can similarly be extended to apply to treatment providers [25]. 
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For example, personal faith beliefs on topics like abortion may influence physicians’ and other 
healthcare professionals’ comfort with performing procedures or prescribing medications. The influ-
ence of personal beliefs on providing clinical care can become particularly problematic when there 
is a significant difference between the provider’s faith and that of the patient. Further, psychologists 
are more likely to identify as religiously unaffiliated (agnostic, atheist, and none) when compared to 
the general public [13, 20]. Thus, there is an even higher chance the psychologist may have little 
personal  experience with the benefits of religion and be less inclined to recognize the significance of 
faith in a patient’s life. In a study with members from the Association for Behavioral and Cognitive 
Therapies (ABCT), 64% of respondents indicated that they felt mostly or very comfortable address-
ing faith in practice [55]. Based on social desirability and respondents self-selecting to participate in 
studies like these, investigators have likely underestimated the discomfort clinicians feel when 
addressing religion or spirituality in practice. Therefore, it can be challenging for practitioners to 
integrate faith into their practice due to conflicts between their personal belief system and that of 
their patients. Tenets of cultural competency and ethical practice indicate the need for treatment 
providers to identify potential biases related to religious beliefs. Through increased awareness and 
client-centered practice, practitioners can find ways to integrate religion and spirituality into their 
practice and respect patients’ beliefs.

An additional challenge to integration addresses the nature of the individual’s style of religious cop-
ing. It has been proposed that there are three styles by which people utilize their relationship with a 
higher being to cope with stressors in life (including illness): collaborative religious coping, active 
religious surrender, and passive religious deferral [43–45]. Collaborative religious coping is the notion 
by the individual that they are in partnership with God in resolving their problems and that both the 
individual and God have active problem-solving roles [43–45]. This style has been associated with bet-
ter physical health in individuals when facing stressors. The active religious surrender coping style 
involves the individual initiating efforts to aid with their stressors; however instead of working collab-
oratively with the higher being, they manage some aspects of their situation and then leave the rest for 
the higher being to control [43–45]. While active religious surrender has also been found to be posi-
tively associated with well-being, the associations are weaker than with the collaborative coping style 
[45]. In the passive religious deferral coping style, the individual leaves the responsibility of full resolu-
tion of the situation to the higher being. This style has the weakest associations of all three styles with 
well-being. Contrary to the benefits that are associated with religious coping, negative religious coping 
styles and spiritual struggles have been correlated with increasing psychological distress [48]. For 
integrating faith with practice, it is important to note which of these relational styles the client might be 
engaging in and to understand how their religious coping style might affect their willingness to engage 
in prescribed treatments such as taking medicine or compliance with other medical interventions.

In instances where religious affiliations might come in clear contradiction to accepted patterns of 
treatment (e.g., a Jehovah’s Witness patient who might refuse a blood transfusion), it is important to 
consider the well-being of the patient despite what accepted medical practices might be. It could be 
the case that imposing treatments on patients who are unwilling to comply due to religious restrictions 
could lead to the patient feeling defensive and denying all means of care, thereby potentially worsen-
ing their condition. It is important for the professional to potentially check his or her own biases and 
negative feelings related to a religious practice that might contradict the professional’s scientific back-
ground, as to not adversely harm the patient by inadvertently neglecting other care options.

 Conclusion

There is a growing evidence to support clinicians integrating faith into clinical practice to reach treat-
ment goals, enhance adherence to medical treatments, and encourage engagement in healthy behav-
iors. It is recommended to gather a spiritual history early to guide treatment planning. Practitioners 
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face several challenges to integrating faith into their practice. Yet, research detailing the physical and 
mental health benefits associated with being religious or spiritual illustrates the powerful role faith 
can play in a client’s life. As research on this topic utilizes more complex methodological study 
designs, it is expected that evidence will more comprehensively describe the relationship between 
faith and health.
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Key Points
• Resilience is defined as one’s “ability to adapt or rebound quickly from change, illness, or 

bad fortune.”
• In the GROW framework of resilience, the four key components are (1) good emotions, (2) 

reason and purpose, (3) others (social connections), and (4) wellness flexibility.
• Evidence supports that having higher levels of resilience may improve health outcomes in 

chronic disease, decreases incidences of certain illnesses, and increases one’s ability to cope 
with certain medical diagnoses.

• Practicing gratitude, identifying one’s core values, depending relationships and goal setting 
are all simple ways to coach patients to enhance their levels of resilience.
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 Introduction

 Definition of Resilience

Resilience is defined as one’s “ability to adapt or rebound quickly from change, illness, or bad for-
tune.” Resilient people are those that pick themselves up in the face of adversity and push forward: a 
woman with breast cancer whose positive mindset gets her through treatment to then volunteer to help 
other women fighting the disease or the war veteran who loses a lower leg in battle but learns to walk 
again with a prosthetic limb. What are the characteristics that make these individuals able to move 
forward from such adversity? Can being resilient really improve health and quality of life? How can 
one learn how to be more resilient to promote health and well-being?

 Elements of Resilience

Steven Southwick and Dennis Charney describe ten elements of resilience in their book Resilience: 
The Science of Mastering Life’s Greatest Challenges. Through their interviews with former prisoners 
of war, special forces, and civilians who survived traumatic events, they found evidence to support the 
following ten components of resilience: optimism, confronting fears, moral compass,  religion/spiritu-
ality, social support, role models, physical fitness, brain fitness, cognitive and emotional flexibility, 
and meaning, purpose, and growth [71].

Table 13.1 describes each of Southwick and Charney’s elements of resilience. These elements of 
resilience help define the relationship between resilience and overall health and well-being, especially 
following a traumatic event [71].

 Seligman’s Positive Psychology Theory and Resilience

Another model of resilience is offered by Martin Seligman through his work in the field of positive 
psychology. In his book, Authentic Happiness, Seligman describes happiness analyzed into three 
specific domains: positive emotion, engagement, and meaning [65]. The first of these he terms the 

Table 13.1 Southwick and Charney’s ten elements of resilience

Optimism To see a bright future and believe that things will turn out well, giving an individual a 
reason to pick up and move on

Confronting fears To identify what makes an individual afraid, helps to move beyond a traumatic event, 
and eliminates the need to avoid triggers and reminders

Moral compass To know right from wrong and to be altruistic
Religion/spirituality A connection to something larger than oneself
Social support A network of others to lean on during time of need and to care for when those others are 

in need
Role models Individuals who have defined a path out of difficulty through experience provide a guide 

to those struggling to find their way
Physical fitness The ability to physically recover
Brain fitness The ability to mentally recover
Cognitive and emotional 
flexibility

Active problem solving, finding humor in situations, seeing whatever light exists in the 
most dark of circumstances

Meaning, purpose, and 
growth

The recognition of personal responsibility in life, including one’s own importance and 
commitment to personal growth
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pleasant life full of as many pleasures as possible and raw positive feelings of cheerfulness, happi-
ness, and joy. Second, the good life is one of high engagement or flow, where individuals feel so 
absorbed in something that time stands still. The good life is not one of feeling pleasure but more of 
feeling enormously capable. The third domain allows for the meaningful life where individuals act in 
the service of something larger than themselves. This theory of authentic happiness defines life satis-
faction (or authentic happiness) as the sum of these three domains: positive emotion, engagement, and 
meaning [65].

More recently, Seligman modified his thinking around happiness as a state of mind and instead 
shifted toward the concept of flourishing or well-being. Happiness was not an attainable constant nor 
an end goal but rather a part of a larger concept of well-being. His new well-being theory remedies the  
gap of his authentic happiness theory by defining well-being more as a construct made up of several 
other elements (versus happiness which is a recognizable inconstant emotional state). The five ele-
ments of well-being, each a measurable parameter, are interrelated but remain distinct. In his updated 
book, Flourish, he states that well-being theory is a theory of unforced choice, that is, the five ele-
ments comprise what individuals will choose freely for their own sake [66].

The five elements can be remembered through the mnemonic PERMA [66, 77]:

P: Positive emotion
E: Engagement or flow
R: Relationships
M: Meaning
A: Accomplishment

The first two of these components are measured only subjectively, i.e., as experienced by the 
individual and not measurable from an observer. Positive emotion includes in the present a sense of 
pleasure, ecstasy, comfort, warmth, and joy. Engagement, measured retrospectively, is equally mea-
sured only subjectively through questions like “Were you completely absorbed in that task?” or “Did 
you lose track of time by what you were doing?” In this new model, Seligman is clear that while 
positive emotion and engagement are still part of life satisfaction or authentic happiness, the new 
model of well-being includes these important elements, but they no longer become the overarching 
goal [66].

Supportive relationships make up the third element, focusing on connection with others. Human 
beings seek to be loved; loneliness can be a major barrier to well-being. Few high points in life are 
solitary. Acts of celebration and having a sense of pride both require other people to share in the good 
feeling. The fourth element is the meaningful life and is related to service in the name of something 
bigger than self. The final component is accomplishment; individuals pursue success and mastery for 
their own sakes.

In this comprehensive model, Seligman asserts the goal of positive psychology is to increase the 
amount of “flourishing.” Originally defined by Felicia Huppert and Timothy So of the University of 
Cambridge, flourishing is having the core features of positive emotions, engagement, and meaning as 
well as three of the six additional features self-esteem, optimism, resilience, vitality, self- determination, 
and positive relationships. Each is cultivated and developed with deliberate practice and targeted 
interventions [29].

 GROW Framework: Four Components of Resilience

Resilience, as a complex entity, includes several interdependent but distinct domains whether using 
the model of Southwick and Charney or the theories of Seligman. Deconstructing resilience can serve 
as an important tool to help both clinicians and their patients understand how to enhance their own 
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ability to bounce back from adversity. We offer here a new simplified framework taken from the over-
lap between the two theories described above which define the four core ingredients of emotional 
resilience. The four areas are good emotions (G), reason and purpose (R), others and connection to 
the world (O), and wellness flexibility (W). Physical fitness and spirituality are part of resilience, but 
their benefits are covered in other chapters in this book.

This chapter will focus on these four (GROW) components of resilience and provide the evidence 
for how each of these domains affects health and health outcomes (see Fig. 13.1).

 Good Emotions

Good emotions include optimism, joy, pleasure, and positive emotions that individuals identify as 
part of happiness. Good emotion maps to Seligman’s pleasant life, with the focus on considering 
ways to amplify raw positive feelings. Optimism is included in this domain as realistic optimism, 
not blind optimism. Realistic optimism considers the actual probability of a hopeful outcome, 
whereas blind optimism underestimates risk, overestimates ability, and/or leads to inadequate 
preparation. Several exercises that will be described later in this chapter can aid in enhancing good 
emotions.

 Reason and Purpose

The second domain, reason and purpose, links resilience to meaning, often one that contributes to 
a larger view of the world. Victor Frankl, a physician and Holocaust survivor, articulated this most 
poignantly in his book, Man’s Search for Meaning, where he wrote, “Deep down, in my opinion, 
man is dominated neither by the will-to-pleasure nor by the will-to-power, but by what I like to 
call man’s will to meaning; that is to say, his deep-seated striving and struggling for a higher and 
ultimate meaning to his existence” [21]. Reason and purpose help to frame difficulties in a larger 
context, creating more perseverance and a stronger willingness to endure challenges for the ulti-
mate goal of overcoming them. Achievement and mastery are embedded in this element as well; if 
a person’s actions reach a level of achievement or mastery, meaning and purpose are reinforced.

Fig. 13.1 GROW framework: four components of resilience
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 Others and Connection to the World

Others and connection to the world combine the concepts of social connectedness and support and a 
person’s capacity for altruism. This component of resilience celebrates an individual’s enormous 
capability and capacity to abandon self and help others. To achieve this third domain requires altruism 
with an intentional and complete orientation away from self, a commitment to someone or something 
else. In addition, this element highlights an individual’s ability to form deep lasting relationships and 
to accept help and love from others especially in times of need and despair. If a person’s actions are 
driven by social connection or love, it enhances the connection to others and to the world.

 Wellness Flexibility

Wellness flexibility can be best described as learning those skills necessary to develop emotional aware-
ness. In today’s fast paced world, there is less time for pause and reflection and less mindfulness. 
Technologies such as mobile smartphones have squeezed out moments of “down time”; moments that 
used to be filled with thought and reflection are now filled with checking emails or playing games. A 
posture of learning, growing, and working hard toward goals is required for wellness flexibility in lieu 
of choosing a fixed mindset that believes basic abilities, intelligence, talents, and an individual’s “ lot in 
life” are fixed traits that cannot be changed. Carol Dweck defined the growth mindset as the belief that 
effort and persistence will result in improved outcomes [19]. Reflective practice is an intentional effort 
to understand how to adapt to different situations combined with a willingness to try new things and 
learn about coping which are strong predictors of wellness flexibility and thus resilience. Other elements 
of wellness flexibility include accepting one’s current state, creative problem solving, and utilizing strat-
egies such as humor and gratitude to cope with adversity. These practices of reflection, curiosity, humor, 
and learning from mistakes facilitate the adaptation and growth elements of resilience.

 Measures of Resilience

Given the multiple dimensions within the definition of resilience, experts agree that there are chal-
lenges in operationalizing this dynamic construct, given the interactive and interdependent nature of 
each contributor [53]. Even defining what it means to “bounce back from adversity” is difficult. 
Additional variables exist across a life span (i.e., what resilience means as a child versus what it 
means as an older adult). Finally, there are cultural contexts that must be considered. Presently, there 
are more than 15 measures that have been described in the literature [84]. We describe three validated 
published scales here that have been shown to have internal consistency and content validity and are 
reliably reproducible (test-retest) [14].

 Connor-Davidson Resilience Scale (CD-RISC)

This is a 25-item self-report scale that was developed for clinical practice and studied in adult popula-
tions. The scale measures 5 dimensions using a 5-point scale on each item: personal competence, 
trust/tolerance/strengthening effects of stress, acceptance of change and secure relationships, control, 
and spiritual influences. There is a 10-item, as well as a 2-item, short version of the scale that has been 
used to measure stress coping ability. It has been used to evaluate changes in response to pharmaco-
logic interventions [13].
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 Resilience Scale for Adults (RSA)

This was originally a 37-item self-report scale that measured 5 dimensions using a 5-point scale on 
each item: personal competence, social competence, family coherence, social support, and personal 
structure. Experts in the field find it most useful for assessing the protective factors that inhibit or pro-
vide a buffer against psychological disorders. There is an updated 33-item self-report scale that also 
measures 5 dimensions: personal strength, social competence, structured style, family cohesion, and 
social resources. The RSA is unique in its measurement of social and family aspects of resilience [22].

 Brief Resilience Scale (BRS)

This is a 6-item self-report scale that is designed to measure the ability to bounce back or recover from 
stress. It is a unidimensional construct and has been studied in adult populations with clinical condi-
tions [70].

 Resilience and Health Outcomes in the GROW Framework

 Good Emotions

Consistently experiencing good emotions such as optimism, joy, and happiness benefits physical 
health for a host of medical conditions and improves overall physical health outcomes [57]. Optimism 
seems to both protect against the development of cardiovascular disease and improve outcomes for 
those that develop it. With regard to primary prevention, the Women’s Health Initiative study of over 
95,000 healthy women found that optimistic women were less likely to develop cardiac disease or die 
from any cause [79]. The VA Normative Aging Study found similar results in that optimistic individu-
als had 25% less cardiovascular disease than average [81]. The effect of optimism includes secondary 
and tertiary prevention benefits, including those who have had acute coronary syndrome (heart attack), 
open heart surgery, or a heart transplant [24, 59, 62]. In addition, for individuals who underwent coro-
nary bypass, optimists experienced less pain and fewer postoperative symptoms [59, 60]. Finally, for 
individuals with cardiac disease, higher reported optimism was associated with lower mortality and 
fewer hospitalizations [7, 18, 65].

Positive emotions may also predict better outcomes in metabolic and kidney diseases. In one study, 
a positive affect was associated with lower mortality rates in individuals with diabetes [49]. In patients 
with chronic kidney disease, resilience and optimism were associated with higher rates of adherence 
to medical therapies [52] and with more healthy behaviors [42, 52]. Furthermore, a greater sense of 
hope predicts adjustment to hemodialysis in end-stage renal patients [5].

Individuals with high levels of optimism and joy also show improved outcomes in other medical 
conditions. Optimism is associated with higher levels of physical health and lower levels of distress 
in breast cancer patients [8]. Optimism can protect against the development of PTSD (following a 
trauma) and is associated with higher quality of life in patients with Parkinson’s disease [25, 64, 87]. 
A more positive affect can also dampen the experience of pain;  interventions aiming to improve affect 
can reduce the sensation of pain [26]. Finally, in subjects exposed to an upper respiratory viral infec-
tion, those with higher levels of optimism were less likely to develop cold symptoms; if they did get 
sick, the symptoms were attenuated compared to the more pessimistic subjects [12]. At the cellular 
level, optimism has been shown to be associated with higher levels of immunity and immune markers 
[36, 63, 73].
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 Interventions to Improve Good Emotions

Changes that can improve positive emotions improve resilience to adversity, increase happiness, lower 
levels of cortisol, reduce inflammatory markers, improve depression and anxiety symptoms, reduce 
physical pain, augment immune responses, and change cardiovascular health. Clinical providers can 
facilitate these processes through a more intentional process of enhancing optimism and positive emo-
tion. One powerful prescriptive process is to guide patients in the cultivation of gratitude [67]. The 
following approaches are simple examples of suggestions that can be used in the clinical setting:

• Keep a daily journal about things for which to be grateful.
• Mindful thinking about gratitude.
• Write down on a weekly basis three things for which you are grateful.
• Write one thank you note per week to a person who has impacted your life in a positive way.
• Identify, reflect, and show gratitude for one’s own signature strengths.

 Reason and Purpose

Individuals that believe there is a reason and purpose in life as well as those who have a sense of con-
trol over their lives are likely to have more favorable health outcomes. A higher sense of purpose is 
associated with greater use of preventive health services, such as cholesterol screening [34]. It has also 
been associated with improved surgical recovery as well as increased physical activity [46]. For 
patients with cardiovascular disease, having a sense of purpose in life was associated with a reduced 
risk of macrovascular events and a decrease in all-cause mortality [85]. Satisfaction with one’s life has 
also been associated with a reduced risk of developing diabetes; a sense of life control is correlated 
with better glucose control in patients with diabetes [6, 75]. In patients with terminal cancer, a sense 
of hope and meaning in life and, in turn, higher psycho-spiritual health improved individuals’ ability 
to cope with and find meaning in the experience of terminal illness [40].

Having a reason for living also correlates with improved outcomes for older adults and in individuals 
with mental health conditions. In older adults, a purpose in life was associated with both positive affect and 
perceived cognitive function [3]. Moreover, Musich and colleagues demonstrated that older adults with a 
higher sense of purpose in life had better physical and mental health outcomes as well as lower healthcare 
costs, higher usage of preventive health services, and better quality of life [50]. Finally, a greater reason/
purpose in life is associated with improved mental health outcomes following stressful events. For exam-
ple, Tsai and colleagues studied a group of US veterans and found that those who reported growth in per-
sonal strength from trauma were protected against detriment from future trauma [81].

 Interventions to Improve Reason and Purpose

According to Drageset, Haugan, and Tranvåg, there are four main experiences that encourage mean-
ing and purpose in life: (1) physical and mental well-being, (2) belonging and recognition, (3) person-
ally treasured activities, and (4) spiritual closeness and connectedness [17]. In addition, identifying 
core values and setting goals can help guide one’s sense of meaning and purpose [20]. The following 
approaches can be prescribed to patients to enhance their sense of reason and purpose:

• Do a simple chair-based yoga or qigong movement practice (physical and mental well-being).
• Participate in a community or group activity based upon a mutual interest, such as a book club 

(belonging and recognition).
• Listen to music (experiencing personally treasured activities).
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• Go outside to enjoy the sunrise/sunset (spiritual closeness and connectedness).
• Identify one’s core values and choose to do something that enhances one of those values.
• Set goals for doing a purposeful activity once per week.

 Others and Connection to the World

Having connections with others and a strong support network can improve one’s health and lead to 
better health outcomes. In patients with recent myocardial infarctions, having close friendships 
decreased the risk of death following the cardiac events [83]. It has been shown that social connected-
ness can be protective against cardiovascular disease, while a lack of social support confers an 
increased risk of coronary heart disease [2, 39]. Social connectedness can also improve outcomes in 
cancer patients. Patients with small social networks experienced higher risk of recurrence and mortal-
ity, while those with increased contact with friends and family post diagnosis had a lower risk of death 
[4, 10, 37, 38, 55]. In addition, supportive family types are associated with higher quality of life in 
individuals with cancer [51].

Individuals with metabolic and kidney disease also experience improved outcomes when they have 
strong social networks. In adolescents with type 1 diabetes, higher levels of peer support were associ-
ated with better outcomes [16]. Litchman and colleagues found that diabetic patients who consistently 
participated in a diabetes online community were more likely to have improved glycemic control as 
well as higher quality of life and better self-care than those who did not participate consistently [41]. 
Rashid also found that social support was associated with patients’ self-efficacy in diabetes medica-
tion management [56]. In a community health worker program, peer support resulted in improve-
ments in diabetes outcomes (lower hemoglobin A1c levels) and lower levels of distress [72]. It also 
appears that social support may be protective in the development of obesity [48, 68]. In chronic renal 
disease, social support is associated with improved disease self-management, and the presence of a 
supportive caregiver improves the quality of life in hemodialysis patients [9, 54]. In addition, varied 
social support networks protect against developing common colds with individuals exhibiting fewer 
symptoms when they do develop them [11].

Finally, social support is associated with improved mental health outcomes. Higher levels of social 
support are associated with decreased depressive symptoms, increased recovery rates, and better out-
comes after trauma [35, 80]. Social support may improve response to stressful or traumatic events 
because individuals feel more confident and in control, practice healthier behaviors, use active coping 
strategies (talking), and are less likely to see these events as insurmountable [28, 61]. Social connect-
edness and support is also associated with decreased depression in patients with cancer, heart disease, 
rheumatoid arthritis, and multiple sclerosis [28, 44, 47, 58].

 Interventions to Improve Connections with Others

There are several targets within this domain to help improve social support. First is the notion that 
having strong social circles provides patients with people to help them and to lean on when health is 
challenging or faltering. Then, there is the complementary notion of moving beyond the self and 
toward the service of others, which includes fostering altruism. There are strong correlations between 
the well-being, happiness, health, and longevity of people who are behaviorally compassionate, so 
long as helping does not overwhelm them —economically, emotionally, or physically. In addition, 
building relationships through enhancing communication and working through conflicts can strengthen 
resilience [23, 31]. A simple prescription could be one of the following to develop altruism or build 
strong social connections:
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• Do a loving-kindness meditation by imagining a loved one and sending that individual love and 
wishing them health, happiness, and well-being.

• Encourage simple random acts of kindness (e.g., buying a cup of coffee for the person in line 
behind you).

• Volunteer (e.g., tutoring students at the local school).
• Practice active constructive responding – “that is wonderful, tell me more.”
• Participate in a disease-specific peer-support program.
• Reflect on conflicts and develop strategies for improved communication.
• Act to deepen relationships with family and community through communication participation.

 Wellness Flexibility

Individuals who are emotionally flexible via acceptance, reflection, and growth are likely to dem-
onstrate better self-efficacy behaviors, improved mental health, and better ability to cope with 
stress. For patients with cancer, acceptance was correlated with lower rates of depression [43], and 
for families of children with cancer, acceptance was associated with better ability to cope [32]. 
Adaptive strategies, like the use of humor, have been associated with lower levels of distress in 
cancer patients [8]. In patients with diabetes, emotional vitality, the ability to regulate one’s behav-
iors and emotions, and one’s engagement in life were all associated with lower rates of diabetes 
diagnoses [6]. In addition, in patients with diabetes, belief in one’s abilities (self-efficacy) pre-
dicted adherence to diet, exercise, blood glucose testing and medication adherence, as well as 
diabetic control [1, 82]. Finally in hemodialysis patients, self-efficacy was associated with lower 
levels of symptoms [54].

Wellness flexibility and emotional vitality can also improve outcomes in patients with mental illness 
or trauma. In survivors of 9/11, those who accepted the event had lower rates of developing PTSD [69]. 
The use of humor also improves outcomes for individuals with depression and high levels of stress 
[27]. In addition, the use of cognitive reappraisals as a form of reflection demonstrates improved psy-
chological health and outcomes [30, 45]. Acceptance is also an effective strategy for families coping 
with loved ones with mental illness [86]. In those who stutter, higher levels of emotional vitality and 
self-efficacy protected against developing psychologic distress from their stutter [15].

 Interventions to Enhance Wellness Flexibility

Posttraumatic growth as a form of wellness flexibility was defined by Calhoun and Tedeschi as a posi-
tive change experienced as a result of the struggle with a major life crisis or a traumatic event [76]. It 
reflects the idea that human beings can be changed by their encounters with life challenges, some-
times in radically positive ways. Health coaching in self-efficacy can improve health outcomes in 
cancer, cardiovascular disease, and diabetes [74, 78]. Wellness flexibility practices such as mindful-
ness, gratitude, acceptance, and learning from failure can all improve health outcomes [30, 33, 45, 74, 
86]. In addition, cognitive behavioral approaches can also improve wellness flexibility [74]. One 
might encourage enhancing wellness flexibility with patients by inviting them to try the following 
techniques:

• Encourage patients to work with a health coach, someone who works with patients to improve self-
efficacy and self-confidence around certain disease goals.

• Create “bite-size” goals with patients to create opportunities for change.
• See Interventions to Improve Good Emotions above.
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• Tackle cognitive distortions – reflect on one’s insecurities and negative, self-doubting thoughts; 
replace with more realistic thoughts.

• Practice acceptance – reflect on a current transition, challenge, or feedback; accept it, and brain-
storm on the possibilities for growth and opportunity in the change.

 Summary and Recommendations

Resilience, an individual’s ability to bounce back following a setback, is often characterized by over-
coming adversity and learning from and finding meaning in a challenging situation. In the GROW 
framework of resilience, the four key components are good emotions, reason and purpose, others 
(social connectedness), and wellness flexibility. An individual with high levels of these elements of 
resilience is often less likely to suffer severe consequences of disease. Higher resilience has been 
associated with improved outcomes in cardiovascular disease, diabetes and kidney disease, a better 
ability to cope with a cancer diagnosis, and decreased mental health consequences. Physicians can 
guide patients in practices that can improve resilience in these four areas. Providing brief advice to 
patients on small behavioral changes can improve resilience and, in turn, health outcomes.
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Chapter 14
The Value of Sleep for Optimizing Health
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Key Points
• Sleep is necessary for survival, and adequate sleep is necessary for optimal daytime function. 

Unfortunately, societal demands and increasing rates of sleep disorders prevent individuals 
from obtaining enough quality sleep.

• Despite attempts to manipulate sleep quality and quantity, either pharmacologically or 
behaviorally, sleep patterns are surprisingly challenging to modify.

• Each of us has an optimal sleep duration that, if uninterrupted, can optimize daytime function. 
Living a healthy lifestyle, reducing stress, and adopting a consistent bedtime routine are the 
best ways to achieve this goal.

• Even though people can become adept at concealing the effects of compromised sleep on 
daily function, there are simple steps the clinician can take to identify whether an individual 
is obtaining adequate sleep quality and quantity.

• Understanding the myriad ways in which sleep can be compromised, and learning how to 
identify the signs of poor or inadequate sleep, will help clinicians formulate a plan to improve 
patients’ sleep and overall health.
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 The Importance of Sleep

Sleep is an essential biological process, a fact that has been confirmed in the seminal findings of 
several sleep research laboratories. For example, in extensive research in rodents, Allan Rechtschaffen 
and colleagues studied the effects of sleep deprivation in rats, using the “disk-over-water” technique, 
in which the rat sits on a motorized disk situated just above a shallow pool of water [52]. Each time 
the rat falls asleep, the disk starts to rotate, causing the rat to wake up. A control rat can be placed on 
a disk that is yoked to the experimental rat’s disk. Each time the experimental rat falls asleep, both 
disks rotate, allowing the control rat to obtain sleep while the disks are motionless (i.e., while the 
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experimental rat is awake). The two rats experience the same conditions, except that the experimen-
tal rat is sleep deprived, while the control rat obtains adequate sleep. Using this protocol, total sleep 
deprivation over a 3-week period leads to rapid weight loss even with increased food intake, mark-
edly increased energy expenditure/hyperactivity, skin lesions, body temperature dysregulation, organ 
failure, and compromised immune response. Between 3 and 5 weeks of total sleep deprivation, death 
is inevitable. Surprisingly, the same physical deterioration occurs after 4–6 weeks of selective depri-
vation of rapid eye movement (REM) sleep, the stage of sleep associated with vivid dreaming [39]. 
These findings conclusively demonstrate the importance of sleep for survival. However, what they 
do not provide, even after decades of intensive scientific study, are clear answers about why sleep is 
so biologically important [51].

 Sleep Stages: What Kinds of Sleep Do We Need?

Mammals cycle through several stages of sleep multiple times each night (4–5  times per night in 
humans), including stage 2 sleep (~45%), slow wave sleep (SWS; ~25%), and REM sleep (~25%) 
(Fig. 14.1). A sleep cycle starts with a brief period of Stage 1 sleep, followed by Stage 2 sleep and 
SWS, and is punctuated by a REM sleep period. Each of these sleep stages has very distinguishable 
electrical properties (frequency and amplitude) observed in electroencephalographic (EEG) record-
ings (Fig. 14.2). The neurochemical differences between sleep stages are also pronounced. Because 
each sleep stage has its own physiological signatures, it may be that each serves a unique biological 
function. Alternatively, sleep stages may work in combination to promote specific functions. Another 
factor that could point to the importance of one stage of sleep over another is the amount of time spent 
in each sleep stage. Stage 2 sleep comprises about half of a night of sleep. Slow wave sleep and REM 
sleep, on the other hand, account for only 20–25% of a night of sleep. Functionally, this could indicate 
that Stage 2 sleep is the most important sleep stage. However, sleep deprivation for 1 or more days 
results in several days of “rebound” sleep in animals and humans, in which the amount of REM sleep 
[16] and SWS [22], but not Stage 2 sleep, increases above pre-deprivation levels as they recover lost 
sleep. These findings indicate that sleep in mammalian species is not only vital for survival but that 
specific sleep stages (REM sleep and SWS) may be especially important. This may indicate a unique 
biological purpose for SWS and REM sleep. Evidence from research in children demonstrates why 
these stages may be especially important for development. One important property of SWS is that it 
is the primary time during which human growth hormone (HGH) is secreted. HGH is necessary for 
physical growth in children, and when HGH secretion is reduced with fragmented slow wave sleep, 
either due to a sleep disorder (e.g., obstructive sleep apnea) or other situational factors, children’s 
physical growth may be stunted [71]. REM sleep, on the other hand, may play a critical role for brain 
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development [26, 41]. Figure 14.3 shows an abundance of nightly REM sleep obtained during the first 
year of life, comprising almost 50% of a night of sleep at birth [54]. Disruption of REM sleep during 
development has been shown to impair normal brain development and memory processing in animal 
models [44]. While these findings suggest the importance of sleep and particular sleep stages for early 
development, sleep clearly serves to maintain the health of the organism across the life span, as 
described below.

 Sleep for Restoration and Energy Conservation

The human brain represents about 2% of total body weight, but consumes 20% of the body’s oxygen 
and glucose, which may not be surprising considering the amount of energy the mammalian brain 
must expend to coordinate the procurement of food, procreation, and the protection of self and terri-
tory. It naturally follows that sleep may have evolved to replenish the energy consumed during waking 
hours. Indeed, to the extent that a healthy sleeper goes to bed feeling fatigued, and wakes up feeling 
refreshed, it seems more than plausible that sleep must serve a restorative/rejuvenating function. 
There are two ways of looking at this idea, in terms of energy conservation and energy restoration. 
Energy conservation relates to the organism’s ability to reduce energy expenditures through a corre-
sponding reduction in metabolic processing [5], while restoration relates to the organism’s ability to 
restore body systems back to a homeostatic set point that ensures optimal daytime function [72]. This 
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might entail the rebalancing of neurotransmitters, the recovery and repair of muscle tissue, or a reset-
ting of cognitive functions. It is noteworthy, however, that the conservation and restoration hypotheses 
are not fully supported by sleep science [51]. For example, about 80 calories an hour are expended 
during sleep, while 95 calories are expended while sitting awake [70], which equates to 10–15% 
energy saving over a night of sleep [58], the equivalent of a glass of milk. Regarding neuronal activity 
during sleep, there are only minimal decreases in neuronal firing rate during non-REM sleep, with 
increases in firing occurring (sometimes above waking levels) during REM sleep. Brain oxygen and 
glucose metabolism during REM sleep are similar to those observed while awake but are significantly 
lower during SWS. However, SWS only represents about 20% of a night of sleep, which tempers the 
interpretation that energy conservation is the sole function of sleep. On a neuronal level, one recent 
theory suggests that sleep is fine-tuned for a process termed “synaptic homeostasis”: the extent to 
which synapses have undergone significant experience-dependent changes over the day determines 
how much the strength of those synapses will be restored during sleep as a means to optimize brain 
function the following day [62]. This theory has gained traction over the last decade as brain imaging 
techniques (e.g., high-density EEG imaging) and microscopy have made it easier to view and map 
electrical and synaptic activity of the sleeping brain. The functional role of such synaptic rebalancing 
is currently being studied, but it could suggest a role for sleep in restoration at the neuronal level. 
Lastly, there is recent evidence for the importance of adenosine in sleep regulation. Adenosine levels 
increase across the day with the accumulation of wakefulness. This increase in adenosine promotes 
sleepiness, which can be counteracted with caffeine, an adenosine antagonist [63]. Adenosine triphos-
phate (ATP) levels, which are a direct measure of available energy stores in the brain, are depleted 
during wake as ATP is dephosphorylated, and adenosine levels increase. Over sleep, however, ATP 
stores are replenished in preparation for the new day [21], which represents exciting evidence of the 
potential restorative value of sleep.
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Energy conservation/restoration hypotheses derive from the implicit idea that wakefulness is a 
biologically fatiguing state and that sleep is required to allow for optimal waking function. But, as 
Allan Rechtschaffen reminds us, “we may need to sleep, not because we have been awake, but because 
sleep is a biological necessity in its own right” [51]. Additionally, it must be recognized that even if 
synaptic homeostasis and ATP re-accumulation serve a critical biological function, it is difficult to 
imagine that they could be the only functions of sleep. Indeed, one reason for this is the aforemen-
tioned complexity of sleep. If sleep is simply a restorative/homeostatic brain state, why must we have 
four distinct sleep stages, with their own neurochemical and physiological signatures? And why do 
these sleep stages progress in such a well-coordinated way, multiple times over the course of a night 
(see Fig. 14.1)? This complexity has led many researchers to postulate that a proper theory of sleep 
function must account for this complexity. As described later in this chapter, this is one reason for the 
recent surge of interest in the hypothesis that different stages of sleep may serve to strengthen differ-
ent types of memories acquired during our waking hours. However, given the findings that sleep likely 
serves a restorative function, we still must address the question of how much sleep is required to 
optimize this restorative process.

 How Much Sleep Do We Need?

Much print, and some science, has been dedicated to the idea that we can decrease sleep time without 
compromising productivity and overall health [49]. The canonical case is Thomas Edison, who is 
said to have slept 3–4 hours a night and who demanded that his employees adopt a similar sleep regi-
men. While some individuals can function optimally with 5  hours of sleep (or less) each night 
(Fig. 14.4), others require as many as 10 hours of sleep, with healthy young adults typically needing 
about 8–9 hours of sleep each night to function well. This is because sleep is tightly controlled by 
circadian and homeostatic influences that defy manipulation/disruption over long periods of time. 
One example of a failed attempt to cheat the need for sleep has been to adopt a polyphasic sleep regi-
men, such as Dymaxion sleep. This entails sleeping at strategic times during the day for limited 
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durations (e.g., long naps every 4–6 hours) to obtain the benefits of sleep without getting a full night 
of sleep each day. Because REM sleep and SWS rebound after deprivation, some have tried to ensure 
that when they do sleep, their total sleep time contains greater amounts of these two stages of sleep. 
These strategies, however, have never proved successful, simply leaving the individual exposed to 
the negative consequences of sleep deprivation [23].

Attempts to pharmacologically improve sleep or lengthen sleep times have also met with mixed 
results. Due to hangover effects and increased risk for addiction, benzodiazepines and barbiturates 
have fallen out of favor as effective means of enhancing overall sleep quality. The same is true of 
over- the- counter remedies, such as antihistamines. The newer non-benzodiazepine medications 
(Z-drugs), such as zolpidem and zaleplon, are better tolerated, shorter-acting, and less addictive than 
their predecessors. However, their ability to improve objective sleep quality is minimal at best. While 
modest decreases in the time it takes to fall asleep, and in the number of arousals, have been demon-
strated, the major finding has been that it is the individual’s perception of those arousals and sleep 
quality that have improved, giving the individual the feeling that they are experiencing healthy sleep 
[28, 29]. It should also be noted that, while safety profiles for Z-drugs are more favorable than other 
prescription sleep agents, the propensity for dependence and drug-related adverse events (e.g., falls 
that occur after awakening during the night while taking these medications) still exist [14, 15]. Even 
over-the-counter remedies, such as valerian, kava, or chamomile tea, that have mild anxiolytic 
effects, while not physically harmful, have minimal impact on sleep quality and quantity [4, 34, 69]. 
After decades of research, the biological state of sleep remains stubbornly resistant to pharmacologi-
cal manipulation.

Another major factor that dictates how many hours of sleep are optimal for a given individual 
relates to sleep time across the life span [54] (see Fig. 14.3). Neonates sleep up to 20 hours a day, half 
of which is composed of REM sleep, which, as mentioned, suggests that REM sleep is likely impor-
tant for early brain development [20]. Across the life span, two aspects of sleep emerge, especially in 
mid-later life (>40 y.o.). The first is the gradual decrease in total sleep time. It is not uncommon for 
older individuals to only get 6 hours of sleep, where they used to get 8–9 hours during their young 
adult lives. There is a common misperception that this decrease in sleep time is harmful for cognition, 
executive function, and quality of life. However, there is ample evidence that older individuals per-
form well in these areas as long as they obtain healthy sleep [19]. As presented in Fig. 14.3, NREM 
sleep time decreases over time. However, this change largely reflects a reduction in slow wave sleep 
as we get older. It is not clear what effect SWS loss has on these variables, but there is some evidence 
that lower SWS amounts in older age may predict age-related memory deficits [6, 43]. Decreased 
growth hormone expression as a result of decreased SWS may also have an impact on brain health, 
although findings are scant on this topic [64]. These findings suggest that optimal nightly sleep 
amounts vary considerably from person to person and that what is likely most important for the health 
of the individual is to obtain that optimal amount of sleep and to ensure that it occurs during one con-
solidated block of time, ideally during the night. Fortunately, there are a number of ways to assess 
whether an individual is getting enough sleep. Well-validated questionnaires such as the Epworth 
Sleepiness Scale [35] can provide information about how sleepy an individual is in general, which can 
indicate whether an individual is not getting enough sleep each night (i.e., whether they are sleep 
restricted (see below)) or suffer from chronic sleep disruption. Measures such as the Pittsburgh Sleep 
Quality Inventory [10] assess sleep habits and quality of sleep and provide a more accurate assess-
ment about whether an individual may have sleep disorder requiring further evaluation at a sleep 
disorders laboratory. Another simple and effective way to understand whether someone is obtaining 
enough sleep would be to find out whether the individual sleeps in on the weekends. Those who 
adhere to a regular sleep schedule during the week but end up sleeping in 1–2 extra hours on the 
weekend are very likely not obtaining enough sleep. Once this information is gathered, it becomes 
 much simpler to assess whether the cause is environmental or physiological in nature.
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 What Happens When We Don’t Get Enough Sleep: Sleep Restriction  
and Sleep Deprivation

Unfortunately, it often the case that modern society actively promotes behaviors that lead to sleep 
restriction and deprivation [53]. In this section, sleep restriction refers to a chronic curtailing of nightly 
sleep time, whereas sleep deprivation refers to loss of a sleep bout, as when a student pulls an all-
nighter to study for a test. As described in the opening paragraph of this chapter, long-term sleep 
deprivation can carry dire health consequences. But what are the consequences of seemingly less 
severe forms of sleep restriction and deprivation? From a public health perspective, we can already 
answer this question for millions of teenagers and working-age adults who must accept some amount 
of sleep restriction as a condition of their school schedules and employment. Students whose circa-
dian clock tends to be delayed (i.e., they have a biological tendency to want to sleep later) often have 
to get up early to go to school [46]. This form of chronic sleep restriction, which results from sleep 
disorders such as delayed sleep phase syndrome (DSPS), can lead to common problems, such as fall-
ing asleep in class, poor attention, and mood dysregulation [3, 42]. However, as we get older, the 
circadian rhythm tends to advance, resulting in earlier bed times (e.g., 9 pm–4 am), which can also be 
maladaptive. Fortunately, the circadian rhythm is amenable to manipulation through the use of bright 
light and/or melatonin [12, 36]. The phase response curve in Fig. 14.5 shows how the application of 
bright light (>10000  lux) and melatonin during the circadian day have the ability to shift earlier 
(advance) or later (delay) the circadian rhythm depending on when they are administered. These cir-
cadian changes can take place in 2–3 weeks, providing an effective treatment for those whose daytime 
function has been compromised by a misaligned circadian rhythm.

Regarding sleep deprivation, it is now known that one night of sleep deprivation results in the 
performance equivalent of an individual with a blood alcohol concentration (BAC) of 0.1, which is 
above the national legal limit [68]. The effects of sleep deprivation have been well-studied in recent 
decades [2] and, in addition to impaired reaction times and increased daytime sleepiness, have been 
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linked to altered emotional memory processing [38] and alterations in mood and pain perception [56]. 
While the negative effects of sleep deprivation are well-documented, individuals still engage in 
practices that curtail the amount of sleep necessary for optimal daytime function. Most people are 
aware of some of the situations to avoid to function well during the day, such as not staying up late to 
study for an exam and not drinking to excess on work nights. However, simple adaptive bedtime 
practices (sleep hygiene) are often overlooked as meaningful ways to improve sleep [31, 60]. 
Suggestions for healthy bedtime practices would include:

• Avoid screen time (cell phones and related devices) and watching TV in the bedroom at bedtime.
• Avoid dozing in the evening hours prior to bedtime – remain active during wake to achieve peaceful 

sleep.
• Create a dark environment that also blocks external noises from car traffic, other family members, etc.
• Use the bedroom for sex and sleep only.
• Drink caffeinated drinks only in the morning.
• Keep a consistent bedtime and wake time.
• Avoid activating medications/beverages after morning hours.

Many individuals see marked improvement in sleep quantity and quality by following simple and 
consistent bedtime practices.

 What Happens When Sleep Is Compromised?

Each of us has a daily sleep need, and when normal sleeping patterns are disrupted, often profound 
problems result. Individuals with poor or compromised sleep are often referred to a sleep disorders 
center for a polysomnographic sleep study. The following general examples, and the specific harms 
described in the next section, highlight the detrimental impact of sleep problems on physical health 
and daytime function. Obstructive sleep apnea, which is caused by an obstruction of the airway, is 
characterized by repetitive pauses in breathing during sleep (apneas) that last from 10 to >60 seconds. 
These apneic events result in brief arousals (almost always unnoticed by the patient) that disrupt the 
electrical activity of the brain (observed in EEG recordings). These mini-arousals can occur hundreds 
of times each night and often lead to profound impairment of daytime function, including falling 
asleep while driving, and even during business meetings, contributing to lost work time and poor work 
performance. Sleep apnea has been shown to put individuals at increased risk for cardiovascular 
disease, hypertension, and stroke [18]. The examples below highlight how compromised sleep can 
become when perpetuated by the direct or secondary effects of certain medical conditions.

 Poor Sleep and Physical Health

 Diabetes

There is now ample evidence that sleep health is important for maintaining the correct balance 
between key hormones known to regulate hunger and satiety in humans [55]. Insulin dysregulation is 
the key feature of diabetes, and it is now known that sleep plays an active role in regulating glucose 
and insulin levels [37, 65]. However, individuals with sleep disorders such as obstructive sleep apnea, 
who suffer nightly, often significant, sleep disruption due to apneic events, are at increased risk for 
insulin resistance [59] and compromised pancreatic function [45, 50]. However, the relationship is 
bidirectional. One unfortunate symptom of diabetes is nocturia, which causes patients to use the 
bathroom multiple times a night, further exacerbating their sleep disturbance [24], which worsens 
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their diabetes symptoms. Encouragingly, however, even though sleep fragmentation is known to have 
significant effects on health, these effects can be reversed. For example, one study found that markers 
for diabetes risk can be reversed following sleep deprivation simply by allowing participants two 
nights of recovery sleep [8]. Thus, improving the integrity of sleep patterns can potentially restore an 
individual to a healthier status.

 Obesity

As detailed in the opening paragraph of this chapter, one consequence of sleep deprivation is 
hyperphagia. As with diabetes, similar negative consequences are observed in the bidirectional 
relationship between sleep disruption and obesity. Obesity is a major risk factor for obstructive sleep 
apnea, with increased weight leading to increases in breathing disturbance, largely due to the 
accumulation of fatty tissue in the airway. One unfortunate consequence of sleep apnea is excessive 
daytime sleepiness, which is a direct result of increased breathing-related sleep fragmentation. The 
daytime sleepiness and lethargy that result from OSA impact the desire and ability to remain active 
during the day, thus increasing obesity and, in turn, sleep apnea. However, sleep disruption also has a 
major impact on the regulation of key hunger/satiety-related hormones, such as leptin and ghrelin. 
Leptin, which is stored in adipose tissue, signals to the hypothalamus to stop eating as it accumulates. 
Individuals who obtain less sleep show lower levels of leptin [61]. Ghrelin, on the other hand, is stored 
in the lining of the stomach and is responsible for signaling to the hypothalamus to increase feeding 
behavior. One study showed that individuals who had their sleep restricted for four nights in the lab 
(4.5 hours of sleep per night) demonstrated increased ghrelin expression and, consequently, increased 
food intake [7]. These findings clearly demonstrate the importance of sleep in the maintenance of 
hormonal regulation, and reinforce the well-supported idea that compromised sleep may set in motion 
a feedback loop that further increases the risk of obesity and sleep disruption.

 Immunity

Recent studies also reveal a link between sleep and immune function. Those who experience 
circadian dysregulation due to shift work (i.e., working during normal sleep hours) will also 
experience impairments in lymphocyte expression [1, 30] as well as elevated expression of pro-
inflammatory cytokines, such as TNF and IL-6 [33]. Increased immune system activation leads to 
greater systemic inflammation, and compromising the effectiveness of immune function [32] and 
further disrupting sleep.

 Endnote: Sleep and Memory Processing

During normal waking hours, we spend our time engaging in various tasks, learning new information, 
interacting with people, and responding to problems and challenges as they arise. It is therefore rea-
sonable to hypothesize that the waking brain is optimized for the acquisition of new information and 
experiences, while the sleeping brain answers these demands by creating a specialized milieu for the 
further processing and strengthening of those experiences. Much research over the past several 
decades, but most intensively in the last 20 years, has sought to determine whether sleep is important 
for information processing [17]. As described above, sleep is characterized by significant neurochemical 
and electrophysiological changes across the night, as well as significant differences between the 
individual sleep stages. One reason for the continued excitement about the study of sleep as a brain 
state well-suited to memory processing is that attributes specific to each sleep stage may be keenly 
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tuned for the processing of different types of memory. Therefore, one of the appeals of this theory of 
sleep as a potential cognitive enhancer, is that it has the potential to describe why we require distinct 
stages of non-REM and REM sleep for optimal cognitive function.

 Different Sleep Stages for Different Memories

Declarative memories are formed when new factual, spatial, or episodic information is acquired (e.g., 
when as learning new information in the classroom, memorizing the spatial layout of a town, or 
remembering episodes from one’s life, like one’s high school senior prom). These two types of mem-
ory are said to be “declarative” because we can verbally or behaviorally express the information when 
asked to do so. Declarative memories are different from other forms of memory, such as procedural 
memories (e.g., knowing how to ride a bike or type on a keyboard). As it turns out, there are specific 
features of individual sleep stages that make them well-suited to the processing of these different 
types of memory. Stage 2 Sleep: Sleep spindles, for example, are 12–15 Hz bursts of activity that 
emanate from the thalamus to the cortex uniquely during Stage 2 sleep. A number of studies have 
shown that increased number and density of sleep spindles (spindles per minute), and amount of time 
spent in Stage 2 sleep, are both associated with enhanced procedural memory processing, for exam-
ple, simple typing tasks [67], and other tasks requiring fine motor movements [25]. Slow Wave Sleep 
(SWS): Declarative memories require the hippocampus for initial learning. Without the hippocampus, 
the individual loses the ability to form new memories (anterograde amnesia), as befell the patient 
H.M. when in 1953 his hippocampi were removed to eliminate the locus of his debilitating seizures 
[13, 57]. Interestingly, there are two properties unique to SWS that make it an ideal candidate brain 
state for the processing of declarative memories: low brain levels of acetylcholine [27] and the expres-
sion of hippocampal sharp-wave ripples [11]. During wake, acetylcholine (ACh) levels are at their 
highest levels, during which the learning of new information is ongoing. During SWS, however, ace-
tylcholine levels are at their lowest of the 24-hour day, suggesting that SWS may optimize the consoli-
dation of declarative memories. Indeed, studies show that declarative memory is better processed 
during sleep containing large amounts of SWS [48], and several studies have shown that information 
learned while awake is “replayed” at a compressed rate during sharp wave-ripple events in SWS [40]. 
REM sleep: In contrast to SWS, REM sleep is characterized by increased brain activity and metabo-
lism, very low levels of the monoamines (serotonin and norepinephrine), and high levels of ACh rela-
tive to other sleep stages. REM sleep is also the sleep stage associated with vivid dreaming with often 
emotionally laden content. Thus, it is not surprising that REM sleep is associated with the processing 
of emotional memories, such as memory for emotional images and text [47, 66].
The study of the benefits of sleep for memory processing represents an exciting and novel way of 
looking at the cognitive benefits of sleep that takes the large body of findings from memory research 
and maps them onto what is known about the physiology of sleep. In this way, a number of interesting 
hypotheses can be tested that may help us understand how the complex rhythms and physiology of the 
sleeping brain serve to optimize, in this case, this vitally important biological function. 

 Conclusion

The formal scientific study of sleep started with the discovery of rapid eye movement sleep in the 
early 1950s. However, what remains as the holy grail for many sleep scientists is the identification of 
a unifying theory of sleep function that can account for all its complexities. While several hypotheses 
for the function of sleep have been studied over the past several decades, conclusive evidence for a 
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single function or multiple functions of sleep remain elusive. However, what is well known is that the 
integrity of the nightly sleep cycle is essential for overall cognitive and physiological health. Equally 
important is mounting evidence of the consequences of poor sleep and lack of sleep that should make 
clear the central importance of optimizing sleep quantity and quality to enhance cognition, daytime 
function, brain and physical development, and general well-being. While this chapter has summarized 
only a fraction of what is known about the nature of sleep, it hopefully establishes a solid introduction 
for further investigation into health benefits of this fascinating biological state.
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Key Points
• The number of mindfulness apps is rapidly growing, making mindfulness accessible to a 

large audience.
• Mindfulness apps and in-session mindfulness courses by teachers with personal experience 

in mindfulness each possess unique advantages and disadvantages.
• Randomized-controlled studies of mindfulness apps are scarce but showed positive effects in 

clinical and nonclinical populations and outcome domains.
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 Introduction

Checking Facebook, receiving and responding to dozens of messages, and checking your email, our 
smartphones bombard us with large amounts of notifications every day, preventing us from being 
mindful and contributing to stress [20]. However, smartphones could also play a more positive role, 
particularly in the area of mobile health. As for mindfulness, there are many mindfulness applications 
or “apps” for smartphones and tablets, and they hold great promise as a means to integrate mindful-
ness into a routine schedule. These apps are the logical outcome of two converging developments. 
Firstly, apps in general are rapidly penetrating many areas of life, including (mental) health. Secondly, 
mindfulness-based interventions (MBIs) and mindfulness trainings (usually in a face-to-face group 
format) are becoming increasingly popular and have demonstrated effects in various populations and 
outcome domains (Chap. 11, which focuses on the traditional face-to-face MBSR/MBCT group 
formats).

Mindfulness apps have a number of obvious advantages. They are easy to distribute and access, 
and as a result their reach is much greater than face-to-face formats for teaching mindfulness. 
Mindfulness apps are very flexible, in the sense that users can choose when and how to use them. 
Also, they are less costly for users than face-to-face formats and often even free. As to their alleged 
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dissemination advantages, Wahbeh et al. [23] found a preference for Internet and individual mindful-
ness formats over group mindfulness formats. Although their study was conducted online and likely 
biased toward Internet formats for mindfulness training, and people may better be able to appreciate 
the value of in-session group formats only after taking them, these findings underscore the potential 
of online tools to engage involve people in mindfulness.

In contrast, advantages of face-to-face formats include greater opportunities for participants to 
motivate each other and to share and discuss individual or common experiences and for teachers to 
communicate and embody the subtleties and complexities of mindfulness practice. Also, face-to-face 
formats may convey a certain positive pressure to attend sessions and to establish and maintain a regu-
lar mindfulness practice, at least during a training course. As succinctly described by Wahbeh et al. 
[23], advantages of group formats include “motivation and synergistic learning opportunities” as a 
result of “meeting other people with similar or other issues which can give a wider perspective on 
their own situation and allow them to see how others handle their problems,” and “encouragement and 
emotional support for each other instilling a sense of camaraderie.” Especially when groups are 
homogenous in terms of medical complaints or in leading similar lives, they may experience similar 
challenges in mindfulness and meditation practice, and mutual support may then be very helpful [1]. 
Disadvantages may include sharing in public which may be “aversive for many people especially 
those with sensitive diagnoses like posttraumatic stress disorder or depression” and having to “attend 
at a specific time and day, and travel to a specific location” [23]. Individuals may of course differently 
weigh these advantages and disadvantages of mindfulness apps and face-to-face formats, and what 
may be an important advantage for some participants may be unimportant or a disadvantage for 
others.

When discussing mindfulness apps, one soon runs into the question if it is possible or even ethi-
cal to teach mindfulness in other ways than through a teacher with personal experience in mindful-
ness practice. Proponents of the currently omnipresent mindfulness-based stress reduction (MBSR 
[11, 12]) and mindfulness-based cognitive therapy (MBCT [16, 17]) formats are firm about the 
essential role of such a teacher. As Kabat-Zinn paraphrases the stance of Segal, Williams, and 
Teasdale in his Foreword to their seminal Mindfulness-Based Cognitive Therapy for Depression 
(2013), “having one’s own meditation practice as a deep, multidimensional, and textured resource 
for this curriculum is absolutely essential, not merely recommended,” because “there is simply no 
other way to impart these practices to others and engage with them about their experiences with 
authenticity and depth without having inhabited them oneself over an extended period of time” (p. 
xi). From a different angle, Van Dam et al. [21] identified over 20 observational studies or case 
studies in which adverse effects of meditation were described, such as psychosis, mania, anxiety, 
panic, depersonalization, and traumatic reexperiencing. These effects may not be very prevalent, 
but if they occur the presence of an experienced and preferably clinically trained professional may 
prove to be useful.

We have no doubts about the value and advantages of learning mindfulness from a teacher, or of a 
personal experience in mindfulness practice of such a teacher, and there is overwhelming scientific 
and anecdotal support for the positive effects of MBIs delivered by such a teacher. Yet, we believe it 
is relevant to consider the value of mindfulness training without the presence of a teacher. There are 
several indications and considerations that suggest a useful role for other modes of teaching and learn-
ing mindfulness. First, mindfulness came into existence long before it entered modern Western psy-
chology and has been taught and learned in ways that greatly differ from current practices. For 
example, Buddhist traditions used different meditation techniques to practice mindfulness, of which 
Vipassana meditation is most closely related to the Western technique as introduced by Kabat-Zinn. 
Also, in Buddhism, mindfulness is one step in the so-called Noble Eightfold Path which contains 
ground rules for “rightful” living and focuses on the liberation of samsara (i.e., rebirth or suffering). 
Western mindfulness is stripped of such a context and is adjusted to fit better with Western lifestyles 
and related health problems. What is relevant here is that there is no evidence that points to a minimal 
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or optimal format for teaching mindfulness. Notwithstanding their popularity and demonstrated posi-
tive effects, this is also true for MBSR, MBCT, and other teaching formats. Studies of potentially 
relevant dimensions of MBSR have yielded some interesting but mixed findings. For instance, while 
the number of class hours seemed unrelated to the effects of MBSR [7], these effects were positively 
related to the duration of home practice [6].

Second, research demonstrated positive effects of online mindfulness-based interventions. For 
instance, Spijkerman et  al. [19] performed a meta-analysis of 15 randomized-controlled trials of 
online mindfulness-based interventions in both general and clinical populations. They found a small 
but significant beneficial impact on depression (g = 0.29), anxiety (g = 0.22), well-being (g = 0.23), 
and mindfulness (g = 0.32) and a moderate effect size on stress (g = 0.51). Exploratory subgroup 
analyses did show significantly larger effect sizes for guided online MBIs than for unguided online 
MBIs on stress (g = 0.89 vs. g = 0.19, respectively) and mindfulness (g = 0.43 vs. g = 0.22, respec-
tively). For depression and anxiety, guidance was not associated with larger improvements. Of note, 
only one study that was included in the meta-analysis ([13]; see below) examined a mindfulness app; 
the other unguided MBIs were web browser-based.

In addition, Cavanagh et al. [5] conducted a meta-analysis of 15 randomized-controlled trials (four 
of which were also included in Spijkerman et al.’s meta-analysis) of guided and unguided self-help 
mindfulness and acceptance-based interventions. They found small to medium effects of the joint 
guided and unguided interventions on mindfulness and acceptance, depression, and anxiety. They also 
report that “post-hoc tests suggest larger effects for guided mindfulness and acceptance-based self- 
help than for unguided self-help” (p. 127), but unfortunately provide no data about the magnitude or 
significance of the difference in effects. Also, their meta-analysis included only four studies of self- 
help MBIs (as opposed to acceptance-based or combined mindfulness and acceptance-based interven-
tions) and no studies of MBIs that were delivered via apps. As the authors conclude however, their 
findings suggest that mindfulness “can be learnt by self-help” (p. 126) “through interventions that 
require little or no therapist resource” (p. 128). Furthermore, while not denying that “the quality of the 
teaching of such interventions is not a key ingredient, nor that subtle inner qualities of the teacher 
facilitate change” (p. 128), their findings “challenge the widely held view that face-to-face teaching 
of such interventions is an essential ingredient to achieving successful outcomes for participants” 
(p. 128, italics added).

Third, the position that mindfulness can only be taught by a teacher with personal experience in 
mindfulness practice leaves unanswered the question of the type and extent of personal experience 
that is required. As with the format and duration of MBIs, there is simply no evidence that points to a 
minimal or optimal type and extent of personal mindfulness experience that is required for teaching 
mindfulness.

In sum, the above meta-analyses show that online (but not necessarily unguided; [19]) and unguided 
(but not necessarily online; [5]) MBIs are effective means to teach mindfulness, though perhaps not 
as effective as in-session classes with a mindfulness teacher present. Likely, as apps and other digital 
means will get more and more intelligent, they will also become more able at simulating the guidance 
of a real trainer or do even more. For example, Hudlicka [10] performed a small-scale pilot study of a 
virtual MBSR coach in a web-based interface. The coach gave customized feedback and support in an 
interactive manner. This appeared to be more effective than a self-administered MBSR training with-
out such a coach. Another example is a virtual meditation coach which provides feedback during 
meditation based on users’ breathing [18].

Taken together, there is great value in existing mindfulness formats such as MBSR or MBCT, and 
these empirically supported interventions are not something lightly to be tampered with. At the same 
time, they are just one way of teaching mindfulness. Mindfulness apps are another, and each has its 
own unique possibilities and limitations. The remainder of this chapter therefore reviews the research 
literature on the effects of mindfulness apps and proposes a number of future directions for the further 
study of mindfulness apps.
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 Effects of Mindfulness Apps on Health

While the number and use of mindfulness apps are rapidly increasing, methodologically rigid research 
of their effects is lagging behind [14, 15]. Furthermore, the few published studies have examined apps 
that greatly vary in content and have included varying clinical and nonclinical populations and out-
comes. Unfortunately, no studies to date have directly tested the effects of mindfulness apps on posi-
tive nutrition, fitness, or other health behaviors. The same is true for chronic diseases related to such 
health behaviors, such as prediabetes and diabetes, cardiovascular disease, or chronic kidney disease. 
Below, we review the available randomized-controlled studies of the effects of mindfulness apps on 
mindfulness and other outcomes.

Ly et al. [13] compared an 8-week mindfulness course delivered by an app to a behavioral activa-
tion program of similar duration in patients with major depressive disorder. They found large, compa-
rable reductions of depression after both interventions which lasted for at least 6 months but noted that 
the lack of a no-intervention control condition does not rule out spontaneous recovery and other 
alternative explanations of participants’ improvements. Furthermore, participants were instructed to 
write weekly reflections on “their work and thoughts on the current treatment week” and “received 
personal feedback on their reflection from their therapist” (p. 6–7). Hence, the self-help mindfulness 
app was complemented with a limited amount of therapeutic attention.

Economides et al. [8] investigated the effects of “Take 10,” i.e., the first 10 introductory 10-minute 
meditation sessions of the highly popular Headspace mindfulness app. Take 10 was compared to a 
control condition that comprised a similar number of psychoeducational sessions on mindfulness of 
equal duration. Ingeniously, the experimental and control sessions were administered through the 
same app using the same voice and were presented to participants as well-being programs. As a result, 
this is probably the most rigidly controlled study to date, in terms of isolating the purportedly active 
elements of this mindfulness app. Compared to psychoeducation alone, Take 10 demonstrated posi-
tive effects on affect (d = 0.47), irritability (d = 0.44), and stress resulting from external pressure or 
event load (d = 0.45). No differential effect was found for stress associated with personal vulnerability 
to stress, as measured with the Stress Overload Scale [2, 3]. In an earlier comparison of Take 10 to a 
neutral but active control task (the Catch Notes app), Howells et al. [9] found significant improve-
ments of positive affect and depression, but not of satisfaction with life, social-psychological prosper-
ity, and negative affect. Unfortunately, none of these studies collected follow-up data, and the 
long-term stability of these positive effects is therefore unclear. Finally, Bennike et al. [4] randomly 
assigned healthy participants either to 30 days of mindfulness meditation training with the Headspace 
app or to a control intervention consisting of 30 days of brain training with Lumosity (see www.lumi-
nosity.com). They measured effects on mind wandering and trait mindfulness. Only the Headspace 
group showed significant decreases in mind wandering and significant increases in trait mindfulness.

Van Emmerik et  al. [22] conducted a randomized waiting-list controlled trial of the “VGZ 
Mindfulness Coach,” a mindfulness app that was developed by a large Dutch health-care insurance 
company. The VGZ Mindfulness Coach offers 40 mindfulness exercises and background information 
about mindfulness without any form of therapeutic guidance. It showed large (d = 0.77) and statisti-
cally significant increases of mindfulness after 8 weeks. Also, there were large decreases of general 
psychiatric symptoms (d = −0.68) and moderate increases of psychological, social, and environmen-
tal quality of life (d = 0.38, 0.38, and 0.36, respectively). Except for social quality of life, these gains 
were maintained for at least 3 months.

 Conclusion and Future Directions

The few published randomized-controlled studies that we discussed above suggest that mindfulness 
apps can bring about positive effects on a range of outcomes. At the same time, it is clear that there is 
a strong need for further randomized and adequately controlled studies of the effects of mindfulness 
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apps, especially given the growing popularity of these apps. Specifically, we suggest that future 
research address the following issues.

First, and especially relevant in view of the focus of this book, research is needed that specifically 
tests the effects of mindfulness apps on positive nutrition, fitness, or other health behaviors and in turn 
on the actual health conditions associated with these health behaviors.

Second, the effects of mindfulness apps on trait mindfulness are not routinely assessed or corre-
lated with health effects. Therefore, the assumption that increases in trait mindfulness mediate posi-
tive health effects of these apps is still untested. Of note, two randomized-controlled studies that 
included mindfulness measures [4] (Van Emmerik et al. [22]) did find positive effects on mindful-
ness but did not test mediation effects of increased mindfulness on health outcomes.

Third, perhaps mindfulness apps may turn out to have most value not as an alternative but as an 
adjunct to in-session or guided online formats for teaching mindfulness. Studies of blended formats 
are therefore needed. A case in point, we are currently examining if mindfulness apps can support 
participants of MBSR to maintain a regular mindfulness practice after the course has ended.

Fourth, many studies of online MBIs are dominated by female participants. For instance, in a 
recent meta-analysis, the percentage of female participants in the included studies ranges from 43% 
to 90% [19]. In our own study [22], 96% of the participants were female. It would be interesting to 
explore why this is the case and to what extent it constitutes a problem in generalizing findings from 
MBI studies (and perhaps mindfulness research at large) to male populations.

In conclusion, we believe that mindfulness apps are here to stay. Their disadvantages and limita-
tions should not be ignored, but neither should their advantages and possibilities. Instead, in the spirit 
of mindfulness, we advocate an open, curious, and nonjudgmental stance toward the opportunities 
they offer for making the world a little bit more mindful.
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Key Points
• People continue to use eHealth programs despite limited evidence for their effectiveness in 

preventing chronic disease.
• Health literacy and numeracy are foundational elements of eHealth literacy that are driven by 

situational and sociocultural factors, both of which are critical in assessing patients’ skills 
and motivation to use eHealth.

• Proactively and openly discussing the sociocultural motivations, use, and skills related to 
eHealth with patients may have a positive effect on the patient-practitioner relationship and 
behaviors protective against chronic disease.

• eHealth literacy varies by age, race/ethnicity, and rurality, drawing attention to the need for 
tailored and culturally- adapted interventions.
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 Introduction

Electronic health (eHealth) technologies and applications (or programs) have revolutionized how 
health promotion clinicians deliver chronic disease prevention education [46]. eHealth technologies 
broadly include smartphones, tablets, and wearable devices, whereas eHealth programs include social 
media, downloadable apps, and electronic health records. eHealth is deeply ingrained in the health-
care experience. Nearly 90% of the US population has access to the Internet [54] and nearly 80% have 
used it for health-related purposes [23]. Advantages of eHealth include the opportunity to monitor, 
track, and inform healthcare and data management, and to interact with other online patients and 
practitioners in the comfort and convenience of their own homes [62]. To augment chronic disease 
prevention efforts clinicians must be aware of ways to leverage eHealth to promote behaviors that are 
protective for leading causes of death globally.
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This chapter outlines the potential of eHealth to facilitate health promotion and chronic disease 
prevention in the general population. First, I present the current state of evidence for eHealth programs 
in promoting mindfulness, physical activity, and healthy eating. Next, I discuss the role of health 
promotion clinicians and educators in facilitating conversations with patients about eHealth programs to 
supplement chronic disease prevention. This includes gauging the skills and health-related needs of 
patients in negotiating the best eHealth approach for them. Finally, I conclude the chapter by synthesizing 
literature on eHealth use and skills among patient groups who are at the greatest risk for chronic disease.

 Evidence for eHealth Promotion Programs

Table 16.1 summarizes the evidence of eHealth programs for physical activity, healthy eating, and 
mindfulness.

 Applications for Physical Activity and Nutrition

Although inconsistent [35, 73], research has demonstrated that eHealth programs have the capacity to 
promote physical activity and healthy eating [20] and to support physiological health parameters cen-
tral to preventing chronic disease [60]. These programs are considered most effective if they incorpo-
rate theoretical underpinnings to facilitate customized goal setting, self-monitoring, and social support 
or accountability through interactions with other online users [33, 45, 60]. Content analyses report 
that eHealth programs incorporate these theoretically driven and evidence-based behavior change 
techniques [5, 40, 75]. Their representation, however, is generally substandard and insufficient to 
promote sustained behavior change within publicly available eHealth programs [4, 8]. Despite limited 
evidence-based features and subsequent recommendations to caution eHealth program use in practice, 
patients continue to use these programs and report positive outcomes related to physical activity and 
nutrition [60, 71]. Therefore, the use and efficacy of these programs is likely due to the relevancy and 
quality of the content that is valued by the user.

 Applications for Mindfulness

Apple iTunes, one of the largest international technology conglomerates, named “Calm” (meditation 
and sleep stories) the 2017 App of the Year for the United States, Australia, Ireland, New Zealand, 

Table 16.1 Summary of eHealth efficacy and content quality

eHealth program Intervention evidence for efficacy Content quality

Applications (structured apps)

  Physical activity Positive Unacceptablea

  Nutrition/diet Positive Unacceptablea

  Mindfulness N/A Acceptable
Social media (unstructured)

  Physical activity N/Ab Poorc

  Nutrition/diet N/Ab Poorc

  Mindfulness N/A N/A
aUnacceptable = Some use of behavior change techniques, but not enough to sustain behavior change
bPositive association between social media use and behavior but no interventional efficacy evidence
cPoor = Evidence-based behavior change techniques are generally excluded
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and the United Kingdom [3]. This attention gives great acclamation to mindfulness as a health 
practice and its delivery through eHealth programs. Two recent reviews of mindfulness eHealth 
programs on iTunes and Google Play found that the vast majority of these apps are misclassified as 
“mindfulness” [38, 55]. Apps that appropriately used the term “mindfulness,” however, applied 
features that leveraged behavioral accountability through meditation and sleep tracking as well as 
social network development. These studies demonstrate that there is evidence that these apps 
contain high-quality information delivery, including visual aesthetics and engagement. While 
recent randomized controlled trials have identified positive short-term effects (e.g., reduced stress, 
improved quality of life) upon the use of mindfulness eHealth programs [30, 66], their efficacy to 
have a longitudinal effect on chronic disease physiologic indicators (e.g., cholesterol, blood pres-
sure) is less known.

Mindfulness is an active lifestyle adjustment, requiring regular attention and practice. Despite high 
rates of eHealth use, mindfulness eHealth programs are often meppel downloaded but not used on a 
regular basis [55]. Nearly half of all eHealth app users stop using the programs because of hidden 
costs (despite the app being free when downloaded), burden of entering data daily, and ultimately a 
loss of interest [34]. To promote regular use, Plaza and colleagues [55] encourage practitioners to 
recommend mindfulness apps that monitor user progress and foster social influence and interactivity. 
However, clinical trials are needed to measure which app features are most efficacious and encourage 
regular use.

 Social Media for Physical Activity, Nutrition, and Mindfulness

Social media are publicly available and predominantly user-generated programs that can be leveraged 
for health promotion. Despite the increasing popularity since 2006, there is limited formal evidence 
for the efficacy of using social media to promote physical activity, nutrition, or mindfulness. A study 
supplementing a physical activity intervention with a Facebook self-monitoring group yielded similar 
results as the control group without a Facebook membership [12]. Content analyses of social media 
platforms report that most nutrition and physical activity posts exclude elements of evidence- based 
behavior change theory identified in the literature as critical for behavior change [51, 72]. This is not 
surprising as users freely create user-generated content without formal training in health promotion or 
message design, blurring the lines of information and source credibility. One important affordance of 
social media, however, is to facilitate social support and collaborative networks to promote protective 
health behaviors, given that the users feel comfortable sharing their personal information.

 Acceptance and Uptake of eHealth for Chronic Disease Prevention

eHealth programs remain in high demand despite inconsistent or inconclusive evidence. Over 20% of 
Internet users report using an eHealth app [11], and about 80% report accessing health information on 
social media [22]. According to Carroll et al. [11], downloading an app is an active step toward behav-
ior change. People who are most likely to download an eHealth app are younger, are college educated, 
reside in urban regions, and feel motivated to engage in physical activity and healthy eating. There is 
limited evidence that race, ethnicity, or income is associated with app uptake. Similarly, Smith and 
Anderson [64] report that social media uptake is generally equal by gender and race/ethnicity. 
Although there is an upward trend in geographic region, adults who live in rural regions and are over 
the age of 65 report lower Internet and social media adoption as compared to their younger counter-
parts in more urban and suburban regions of the nation.
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Clinicians must acknowledge that patients are not empty vessels waiting to be filled by static and 
factual information at the clinic. Rather, they are actively acquiring and assimilating knowledge from 
eHealth programs whether intentionally or unintentionally, to inform their healthcare beliefs and val-
ues. When not used haphazardly, eHealth has great potential to reach at-risk subgroups of the popula-
tion and facilitate health education and social collaborations to help achieve their health informational 
needs and behavioral goals to prevent chronic disease. Health promotion clinicians and educators 
should use eHealth programs as a supplement (not a substitute) to a multi-faceted approach to opti-
mize behavioral and health outcomes [60]. As such, eHealth programs should be leveraged as a public 
health tool and openly discussed in the patient-practitioner context rather than avoided due to their 
questionable or undetermined quality.

 Patient-Practitioner Communication About eHealth Promotion

The emergence of eHealth has allowed patients to take an active role in decision-making at various 
points of their healthcare experience. Patients use eHealth before a healthcare appointment to learn 
about their symptoms and prepare questions, in order to make the best of their brief time with the 
clinician [7]. Nearly 80% of patients refer to the Internet following a healthcare appointment to seek 
clarification and second opinions from users on online discussion forums, especially if their interac-
tion with the professional led to dissatisfaction or worry [36]. The Internet also provides temporary 
healthcare assistance when patients, especially those who are uninsured or low-income, cannot obtain 
immediate access to a clinician [1].

Clinicians’ reactions to patient disclosure about eHealth information seeking and usage have 
significant effects on the patient-professional relationship and patients’ health behaviors. Clinicians 
remain the most trusted and valued source of health information, so patients are generally willing to 
disregard information learned from the Internet if their clinician disagrees with the content [7, 69]. 
Patients expect their clinicians to positively acknowledge their attempts, contextualize the content to 
justify why it does or does not apply to their unique situation, and ultimately verify its credibility and 
outline any limitations [7, 63]. Clinicians who violate this expectation and patronize patients for using 
eHealth can significantly damage the relationship. Bylund et  al. [10] found that patients reported 
greater satisfaction, validation, and reduced worry when clinicians acknowledged patients’ efforts to 
use eHealth in an attempt to prepare for their appointment. The opposite was true when clinicians 
dismissed or negatively acknowledged patients’ attempts. This is relevant to chronic disease preven-
tion, as positive communication results in greater prevention efforts and adherence [68].

Patients who are at the greatest risk for chronic disease use eHealth programs; however, they are 
unlikely to initiate a discussion with their clinician about the experience and information learned. Middle-
age white adults who are educated and in good health most often initiate discussions about eHealth infor-
mation with their clinician [69]. Patients who do not initiate these conversations are likely embarrassed or 
concerned that their clinician may not approve or care about their interest [63]. These concerns are magni-
fied when patients have limited confidence in their ability to evaluate the credibility or applicability of the 
information found online [48]. Despite patient acknowledgment of their limitations in using eHealth and 
the high degree of trust in healthcare professionals [28], patients are still unlikely to initiate conversations 
with their clinician to gain clarity of information obtained on the Internet [17].

Clinicians must be proactive in discussing patients’ eHealth use to cultivate a patient-practitioner 
relationship conducive to shared learning and decision-making. Over 80% of patients who use the 
Internet report learning new health information, and over half (52%) believe this information is 
accurate [29]. Understanding patients’ eHealth information preferences and expectations presents 
a teachable moment, wherein clinicians can critically discuss the benefits and drawbacks of online 
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information. Clinicians can encourage patients to use empirically supported resources that are 
relevant to their current situation and are also consistent with their eHealth needs and abilities.

 eHealth Skills and Chronic Disease Prevention

 Health Literacy and Numeracy

Only 12% of the US population has proficient health literacy and 9% in numeracy [13]. Health literacy 
is defined as the knowledge and skills to access, understand, apprise, and apply health information in 
diverse healthcare contexts across the lifespan [65]. Numeracy (i.e., quantitative literacy or health 
numeracy) is an element of health literacy, as it incorporates skills related to understanding and apply-
ing numbers through a process of quantitative reasoning in order to function productively in the 
healthcare context [58]. This type of quantitative reasoning includes performing basic calculations, 
interpreting results of graphs and charts, as well as comprehending scientific results of empirical 
research [25]. Limited numeracy affects both patients and clinicians, which contributes to avoidance 
and limited confidence to communicate risk and numeric expressions [58].

Health literacy and numeracy are important for mobilizing chronic disease prevention. Low health 
literacy is associated with limited use of preventive healthcare services [61], and health literacy profi-
ciency is associated with the engagement in health promoting behaviors protective against chronic 
disease [6, 65]. Similarly, patients with higher numeracy are more likely to engage in proactive pre-
vention and maintenance behaviors, such as blood pressure monitoring [56]. Currently, however, the 
direct effect of numeracy and informed decision-making is less known [56, 58].

Similar to the highly socio-contextual features of health literacy [65], numeric uncertainty and 
simultaneous affective response derived from low numeracy is what likely ultimately leads patients to 
over- or underestimate their risk for a condition [58]. Mulder and colleagues [43] report that the nega-
tive effects of low numeracy in interpreting nutrition labels can be alleviated when a patient has a high 
degree of motivation or involvement in food preparation. In youth and adolescent populations, learn-
ing numeracy skills while participating in structured exercise programs results in meeting physical 
activity guidelines [52, 67]. Further, high-quality patient-practitioner communication can overcome 
perceived literacy limitations that prevent cancer screening behaviors [15]. As a cognitive and social 
skill set, attention to the dynamic and social elements that form patient health literacy is critical to 
promote chronic disease prevention.

 eHealth Literacy

Widespread adoption of the Internet and its available social networks offers a low-cost opportunity to 
enhance the literacy of healthcare consumers worldwide [32]. Health literacy provides an indication 
of eHealth use and proficiency. Patients with high functional health literacy are more likely than their 
low health literate counterparts to adopt and perceive nutrition and physical activity eHealth apps as 
useful and easy to use [37]. Differences exist in how patients at varying levels of health literacy attend 
to and recall health information. Meppelink and Bol [39], for example, found that attention to health-
related illustrations resulted in greater recall among individuals with low health literacy. Among indi-
viduals with high health literacy, attention to text-based messages yielded greater recall. Beyond basic 
health-related reading and writing proficiency, skills related to navigating the offline healthcare sys-
tem have a positive but weak association with eHealth proficiency, including accessing, evaluating, 
and acting upon online health information [21]. These results confirm the importance of considering 
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patients’ health literacy regarding eHealth but also illustrate there are additional skills beyond basic 
literacy that are important to optimize the eHealth experience.

By definition, eHealth literacy comprises the skills to understand, exchange, evaluate, and apply 
online health information in the face of adversity stemming from dynamic contextual factors [50]. A 
reciprocal relationship exists between eHealth literacy as an antecedent and a consequence of patient 
empowerment and healthcare engagement [50, 53]. Considering patients’ eHealth literacy is a critical 
consideration for chronic disease prevention. Greater eHealth literacy is associated with enhanced 
patient-professional communication [44], cancer-related screenings [41], and physical activity and 
healthy eating [42]. Operational behaviors include functional (understand), communicative (exchange), 
critical (evaluate), and translational (apply) eHealth literacies (see Table 16.2 and Fig. 16.1).

Table 16.2 eHealth literacy dimensions

Dimension Definition/description

Functional “Basic skills reading and writing (typing) about health to effectively function on the Internet” 
([48], p. 10)

Communicative “The ability to collaborate, adapt, and control communication about health with users on social 
online environments with multimedia” ([48], p. 10). This extends beyond the technical skills of 
communication within an online environment or the function of simply crafting a text-based 
message with a virtual keyboard. Rather, this is the ability to manage the essence of online 
conversations among diverse sources (e.g., experts, providers, uninformed peers, informed peers) 
in order to obtain or exchange health information

Critical “The ability to evaluate the credibility, relevance, and risks of sharing and receiving health 
information on the Internet” ([48], p. 10). Skill set needed for patients to critically evaluate the 
credibility, safety, and relevance of online health information according to its content (e.g., 
language), the source (e.g., experts, informed peers, uninformed peers), and the platform from 
which it is presented (e.g., app, social media, PHR)

Translational “The ability to apply health knowledge gained from the Internet across diverse ecological 
contexts” ([48], p. 10). Translational literacy is the highest cognitive level of the eHealth literacy, 
meaning it is informed and built upon from all previous eHealth literacy dimensions (i.e., critical, 
communicative, functional)
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Fig. 16.1 Hierarchical intrapersonal eHealth skill set [50]
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To navigate and benefit from eHealth, users call upon the cognitive and social skills of eHealth literacy 
to overcome adversities posed by online experiences [50]. Much like offline transactions of patient 
education and inquiry, there are physical (e.g., screen and keyboard functioning), semantic (e.g., 
community acronyms, scientific jargon), physiological (e.g., pain), and psychological (e.g., uncertainty, 
emotion) factors that challenge the eHealth experience [50]. These factors are often influenced by 
sociocultural determinants and influential in healthcare decision-making. Creating user-centered and 
literacy-sensitive programs are interventions that alleviate these factors [9]. However, semantic and 
psychological factors, which are less often considered, also influence the eHealth experience, influencing 
the desired type and quality of content [50]. Eliciting information about patients’ eHealth needs, 
understanding perceived eHealth affordances, and examining how users overcome this constellation of 
factors will be critical in optimizing the eHealth experience and “matching” eHealth programs to patients.

 eHealth Literacy Among Patients at Risk for Chronic Disease

 Age

eHealth literacy is generally lower among older adults, as compared to their younger counterparts. 
Members of the Baby Boomer and Silent generations (born 1928–1964) have less eHealth awareness and 
lower confidence in their skills to access and engage with eHealth resources, as compared to Millennials 
(born 1981–1996) and members of Generation X (born 1965–1980; [48]). Age-related differences are 
attributed to biopsychosocial factors, which have a reciprocal effect on engaging in protective health 
behaviors. Clinicians must consider patients’ eHealth acceptability, cognitive and physical state, and their 
desire to use social systems (both online or offline) to facilitate the eHealth experience.

Generational Factors

The acceptability and proficiency of eHealth is likely driven by generational differences. Generation 
X created the Internet and technology, whereas Millennials grew up with technology as a central tool 
to shape their personal and social identity. This is contrary to Baby Boomers and members of the 
Silent Generation, who had already established these critical identities and learned how to navigate 
life and healthcare in the absence of technology. Given the centrality of technology to their lives and 
everyday functioning, digital natives (i.e., Millennials, some members of Generation X) are roughly 
considered experts at assimilating technological features and translating information from online to 
offline settings. Baby Boomers and members of the Silent Generation, however, report lower adoption 
of technology and accepting it as a tool to navigate their health and the healthcare system [18]. Older 
adults tend to have limited trust in the Internet, especially when it comes to eHealth and confidence in 
its ability to securely protect their personal health information [76]. This effect is compounded when 
they lack the confidence and proficiency to easily navigate eHealth programs [47, 49]. As such, secu-
rity concerns coupled with infrequent use of eHealth programs are significant forces that drive genera-
tional differences in eHealth literacy.

Biological Factors

The aging process alters the structural and physiologic functioning of the brain. According to Harada 
et al. [26], crystallized intelligence remains stable in normal cognitive aging, with most declining 
changes occurring in the form of fluid intelligence. Crystallized intelligence includes core knowledge, 
skills, and abilities that are developed over time, whereas fluid intelligence involves critical thinking, 
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problem solving, processing speed (cognitive and motor), and reasoning in unfamiliar contexts. 
Generally, older adults have deeper crystallized intelligence than younger adults, primarily because 
they have had more life experiences to develop and apply these core skills. In the context of eHealth, 
however, crystallized intelligence is likely not an inherent strength among older adults, especially 
those in the Baby Boomer and Silent generations. Rather, younger adults possess greater core knowl-
edge, skills, and abilities surrounding eHealth, given the diffusion of technology during their forma-
tive years. This has significant potential to contribute to older adults’ declining cognitive and physical 
proficiency to navigate eHealth programs, adapt technological features and techniques, and collabo-
rate with other online users to learn new information that can be assimilated to offline behaviors 
protective of chronic disease. Consistent with evidence supporting that cognitive building can help to 
alleviate the negative effects of aging [26], greater practice using eHealth and age-tailored interven-
tions can enhance the skills of those at risk for low eHealth literacy [70].

Social Factors

eHealth skills can be strengthened across the lifespan with systems in place to facilitate social support. 
Hayat et al. [27] found that patients across the lifespan with compromised eHealth literacy reported 
positive health outcomes, especially if they were able to connect with homogeneous online users. 
Among adults over the age of 50, there is evidence that perceived trust in generic support groups 
declines with age but trust in Facebook increases [47]. This may be attributed to the close-knit ties of 
“friends” on Facebook. Among a sample of college students, reliance on social media for health- 
related information was associated with a high degree of eHealth literacy [49]. In this study, the rela-
tionship between social media use and eHealth literacy was strengthened if students reported 
heterogeneous social ties that provided novel information, but not emotional or relational support. 
Therefore, the type and degree of desired online social support varies across the lifespan to influence 
eHealth literacy.

 Race/Ethnicity

African American (67%) and Hispanic adults (73%) are more likely than white adults (58%) to use 
smartphones to access health information [2]. Although there is no statistically significant difference 
in racial/ethnic adoption of eHealth apps [11], there is evidence that African Americans are more 
likely to use eHealth-related tracking services if they use online media (e.g., social media), access 
information to help another person, and have health insurance [16]. This is consistent with the finding 
of Rosenbaum et  al. [59] that African Americans, although underrepresented in the literature, are 
more likely to participate in weight loss and management programs if the intervention includes a 
smartphone element. Further reports indicate that these active eHealth patients are more likely to 
participate if they have high eHealth literacy [31]. Although seminal research found no evidence for 
racial/ethnic differences in eHealth literacy [44], more recent research by Paige et al. [47] found that 
US Black/African Americans have a higher degree of eHealth literacy than white adults. Given the 
high degree of eHealth use and proficiency, smartphones remain an important technology to deliver 
culturally adapted and credible information and address healthcare disparities in chronic disease pre-
vention, especially among at-risk racial/ethnic minorities [24]. African Americans with a high degree 
of eHealth literacy are more likely to trust health information from YouTube and online religious 
organizations and government entities than their white counterparts [47]. Attention must be paid to 
developing culturally adapted messages and interventions delivered through smartphones to both 
patients and caregivers from these accepted information sources.
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 Rurality

To date, there is limited knowledge about the eHealth literacy of patients who reside in rural locations 
[14]. Redmond [57] found that rural freshman college students were less skilled in their eHealth 
awareness and seeking skills, as compared to their non-rural counterparts. Interestingly, the self-
reported ability of both rural and non-rural college students to evaluate and apply information learned 
was quite similar. Nearly a decade later, Witten and Humphry [74] reported that rural Hawaiian adults 
had access and confidence in eHealth resource awareness but felt challenged in their ability to inter-
pret and apply the information learned from electronic sources. The narrowing digital divide in rural 
communities means it will be important for clinicians to consider the unique attributes of this unique 
subgroup, including eHealth acceptability and the sociocultural influence on desired health informa-
tion (e.g., complementary medicine versus traditional medicine).

 Conclusion

eHealth technologies and programs are critical tools to alleviate the burden of chronic disease in the 
general population. Structured and unstructured eHealth programs are used by the public and often 
result in positive behavior change, despite limitations in their quality and integrated evidence-based 
elements of behavior change theory. A reasonable explanation is that patients are aware of their infor-
mation and behavior change needs and they have the skills (eHealth literacy) to adapt and appropriate 
functions of eHealth to meet those individual needs. As the quality of eHealth programs continue to 
improve and evidence for their efficacy continues to grow, clinicians must be proactive and facilitate 
open discussions about how eHealth can be supplemented within preventative healthcare plans. There 
is limited policy and support for clinicians to formally measure health literacy and eHealth literacy at 
each appointment to determine the appropriateness of eHealth [19]. Therefore, a more patient-centric 
approach would be to encourage clinicians to elicit conversations about patients’ eHealth skills, moti-
vations, and informational needs related to chronic disease prevention. Open discussions about 
eHealth skills and information needs can cultivate productive patient-provider relationships leading to 
culturally adapted and tailored approaches for chronic disease prevention.
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Key Points
• Cardiovascular disease (CVD) remains the major cause of morbidity and mortality in the 

developed world.
• Due to the economic impact of CVD, low-cost interventions are of particular interest.
• Physical activity is an underutilized, but critical, component of primary and secondary pre-

vention of CVD.
• Meditation and mindfulness may have a role in prevention of CVD, though there is inconclu-

sive evidence at this time.
• Dietary patterns have been found to significantly influence cardiometabolic risk factors.
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 Introduction

Cardiovascular disease (CVD) remains the leading cause of morbidity and mortality in the developed 
world [1]. In addition to the human cost of the disease, the economic cost of treating CVD is substan-
tial. More than $200 billion are spent annually in the United States on treating patients with CVD, 
which is expected to increase to over $800 billion by 2030 [2]. The impact and cost of cardiovascular 
disease on our healthcare system has generated interest in finding low-cost interventions to address 
the epidemic. The aim of this chapter is to discuss the low-cost interventions such as physical activity, 
dietary interventions, and mindfulness/meditation.
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 Physical Activity and Fitness

Physical inactivity (PA) is widely recognized as an independent risk factor for cardiovascular disease 
(CVD) and associated with an estimated 6% of the coronary artery disease (CAD) burden worldwide 
[3]. Physical activity and fitness, on the other hand, are associated with a 25% reduction in all-cause 
mortality in CAD patients and 20–30% in the general population [4]. Despite the well-known cardio-
vascular benefits of exercise, 50.3% of men and 53.3% of women in the United States fail to meet 
general aerobic physical activity guidelines for adults (>30 minutes of moderate-intensity physical 
activity on most days of the week) [5]. Prevention of CVD entails primordial (prevention of risk fac-
tors), primary (treatment of risk factors), and secondary (prevention of recurrent cardiovascular events), 
which can be modulated by environmental (e.g., air pollution) and psychosocial stressors, lifestyle 
changes, and cardioprotective medications. Exercise-based cardiac rehabilitation (CR), which incorpo-
rates a structured exercise program, is the cornerstone for secondary prevention of CVD and is also 
associated with improvement in risk factors (e.g., blood pressure, lipids, rate of smoking) [6].

 Benefits of Exercise

The cardioprotective effects of regular PA and improved cardiorespiratory fitness are achieved by mul-
tiple direct and indirect mechanisms. These include improvements in multiple CVD risk factors 
together with anti-atherogenic, anti-inflammatory, psychological, anti-ischemic, antithrombotic, and 
antiarrhythmic effects [6–8]. Cardiorespiratory fitness (CRF) is a powerful independent predictor of 
mortality in patients with CVD [7]. In patients with CAD, each 1 MET (1 MET = 3.5 ml of oxygen 
uptake/kg of body weight/minute) increase in exercise capacity is associated with an 8–35% reduction 
in mortality and is comparable to the mortality benefit achieved from cardioprotective medications, 
such as statins, beta blockers, low-dose aspirin, and angiotensin-converting enzyme inhibitors after MI 
[9]. For the least fit, least active, high-risk cohort (bottom 20%; <5 METs) with CVD, referral to struc-
tured exercise-based CR programs may be the key to improving cardiovascular health and outcomes.

Exercise training in patients with CVD leads to improved exercise capacity. Aerobic training 
increases the peak oxygen uptake (VO2max) and reduces the submaximal heart rate, systolic blood 
pressure, rate-pressure product (RPP), and subsequently decreases the myocardial oxygen require-
ment. As a result, the angina threshold (or exercise time to onset of ischemia) is increased. The mag-
nitude of increase in VO2max varies with the severity of underlying disease and is often less in 
patients with CVD compared to healthy individuals, but the greatest potential for improvement is in 
the most deconditioned individuals. On average, CR patients usually have an 11–36% increase in 
VO2max with exercise training [8]. Improvements in the efficiency of oxygen delivery to tissues, 
myocardial oxygen supply, and HR recovery are also seen with exercise training. For patients with 
CVD, exercise training is associated with low risk of cardiovascular events in the supervised rehabili-
tation setting. Studies in the CR population show that the risk of cardiac arrest and death is approxi-
mately 1 in 115,000 and 1 in 750,000 patient hours of participation, respectively [7].

 Exercise Prescription

The recommended intensity of exercise is usually determined by the baseline exercise testing. As an 
alternative to exercise testing, the maximum heart rate (HR) can be calculated using the following 
formula: maximum HR = 208 − (0.7 × age) [10]. HR reserve is the maximal HR minus the resting 
HR. In patients with CVD, the minimum or threshold intensity for improving cardiorespiratory fitness 
(VO2max) is about 45% of the oxygen uptake reserve. This corresponds to approximately 70% of the 
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maximum HR achieved during symptom-limiting exercise testing [11]. Gradually, this should be 
increased to 50–80% of peak exercise capacity with HR reserve or oxygen uptake reserve [7]. The 
intensity should be reduced by approximately 10 beats below the ischemic threshold (HR at which 
typical angina occurs) for patients who are symptomatic. Adjunctively, the Borg Rating of Perceived 
Exertion (RPE) scale can also be used to determine the intensity of exercise [12]. Patients who are 
unable to attend supervised exercise training sessions should continue to exercise independently due 
to the cardiovascular benefits. In this case, the exercise intensity can be safely determined by using the 
“talk test,” where patients are instructed to exercise at the highest intensity possible while able to have 
a comfortable conversation [7].

 Moderate Versus High-Intensity Interval Training

Recent studies have compared the effectiveness of moderate-intensity continuous exercise training 
versus high-intensity interval training on changes in aerobic capacity and measures of CV function in 
coronary patients with and without postinfarction heart failure who were being optimally medically 
managed. Wisloff and colleagues randomized 27 patients with stable postinfarction heart failure (HF) 
to either moderate continuous training (70% of peak heart rate) or high-intensity aerobic interval 
training (95% of peak heart rate) 3 times per week for 12 weeks or to a control group that received 
standard advice regarding PA [13]. Improvements in cardiorespiratory fitness (46% vs 14%, p < 0.001), 
left ventricular remodeling, and brachial artery flow-mediated dilation (endothelial function) were 
greater with high-intensity aerobic interval training than moderate continuous training. Interval train-
ing seems more effective than continuous exercise for the improvement of aerobic capacity in CVD, 
but additional long-term studies assessing safety, compliance, and morbidity and mortality following 
interval training are needed [14].

 Resistance Training

Resistance training should be incorporated into most exercise training programs. The increase in 
muscle mass, strength, and endurance improve the ability to perform activities of daily living in 
patients with CVD. These exercises should target major muscle groups (e.g., chest press, leg press, 
abdominal crunch/curl-up, biceps curl, etc.) to reduce the demands of daily activities, such as carrying 
and lifting objects. The training regimen should include a single set of 8–10 different exercises at a 
load that allows 8–15 repetitions [7]. In patients with heart disease, the Valsalva maneuver (forced 
expiration against a closed glottis) during resistance training can cause symptoms of myocardial isch-
emia due to increase in blood pressure and myocardial work. Patients may experience lightheadedness 
or dizziness if cardiac output is reduced [15]. Therefore, resistance training should be avoided in 
patients with unstable CAD, decompensated HF, severe aortic stenosis, hypertrophic cardiomyopathy, 
and retinopathy (risk of vitreous hemorrhage and retinal detachment) [15]. In addition, resistance 
training involving the upper body should be delayed for 8–12 weeks in patients with coronary artery 
bypass grafting (CABG) surgery and sternotomy to allow healing of the sternal wound [15].

 Summary

Although data support PA as a proven preventive and therapeutic CV intervention, incorporating exer-
cise into a comprehensive care plan remains largely neglected in contemporary medicine. Improving 
utilization of exercise in the face of increasingly busy lifestyles, especially the use of CR for 
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secondary prevention, should be a priority. Our approach to CVD prevention and management must 
evolve to encompass pharmacological, interventional, and lifestyle modifications in the treatment 
armamentarium.

 Meditation and Mindfulness

Another low-cost intervention that has generated considerable attention is meditation and mindful-
ness, an approach that has existed for thousands of years in a number of Eastern traditions [16]. 
According to the National Health Interview Survey (NHIS), 8.0% of US adult respondents stated they 
practice some form of meditation, although higher rates were claimed in those with chronic diseases, 
including CVD [17]. 17% of patients with chronic CVD indicated that they participated in mind-body 
therapies, and 94% of those that participated subjectively felt that these therapies were helpful [18]. 
In a population of Canadian patients with acute coronary syndrome (ACS), 35% stated they had par-
ticipated in mind-body therapy at some point in their life, with 25% of respondents indicating they 
were currently practicing mind-body therapy [19].

There are a number of definitions of meditation and mindfulness. Meditation can be defined as “a 
family of mental practices that are designed to improve concentration, increase awareness of the pres-
ent moment, and familiarize a person with the nature of their own mind” [20]. Similarly, a consensus 
definition of mindfulness is divided into two components, “The first component involves the self- 
regulation of attention so that it is maintained on immediate experience, thereby allowing for increased 
recognition of mental events in the present moment. The second component involves adopting a par-
ticular orientation toward one’s experiences in the present moment, an orientation that is characterized 
by curiosity, openness, and acceptance” [21]. Traditions of mindfulness and meditation are developed 
to help participants of these practices maintain control of their attention, enhance awareness of self, 
and regulate emotions. The potential impact of this practice on health, particularly cardiovascular 
disease and its risk factors, is the subject of this section.

 Meditation/Mindfulness for Primary Prevention of CVD

To date there has not been adequate data related to meditation and mindfulness on the primary preven-
tion of cardiovascular mortality or the end points of nonfatal myocardial infarction (MI) or stroke. 
Two small studies, with 73 and 109 patients, showed that in those randomized to transcendental medi-
tation training, improved survival was seen over the course of their follow-up, as compared to those 
randomized to the control group [22, 23]. In a post hoc analysis of the same two trials, a 23% reduc-
tion in all-cause mortality and 30% reduction in cardiovascular mortality were observed [2]. These 
results are striking if valid and accordingly need to be reproduced in a large, multicenter randomized 
controlled trial. There are more data on the effect of mindfulness and meditation on addressing tradi-
tional and nontraditional CVD risk factors.

 Impact of Meditation and Mindfulness on CVD Risk Factors

 Stress, Anxiety, and Depression

Stress, anxiety, and depression have been recognized as nontraditional risk factors for CVD [24–27]. 
In a meta-analysis of 18 randomized control trials, moderate-to-large reductions in depression symp-
toms within groups participating in mindful meditation were demonstrated [28]. Another meta- analysis 
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of studies focusing on participants with a current depressive or anxiety episode found significant ben-
efits on depressive symptom severity for mindfulness training relative to controls [29]. Mindfulness 
meditation programs showed a modest improvement in stress/distress in patients in a meta-analysis of 
randomized control trials by the Agency for Healthcare Research and Quality [30]. In patients with 
CVD, those who participated in mindfulness meditation had significantly lower levels of perceived 
stress and anger [31]. In addition, perceived decreases in mental stress have correlated with decreases 
in biomarkers of stress in those undergoing mindfulness meditation (i.e., salivary cortisol, salivary 
amylase, interleukin-6), although the impact of these findings on clinical outcomes require further 
investigation [32–35].

 Hypertension

Mindfulness meditation has been studied for blood pressure reduction, with largely mixed results. 
The Hypertension Analysis of Stress Reduction Using Mindfulness Meditation and Yoga 
(HARMONY) trial did not find any benefit in patients randomized to an 8-week mindfulness-based 
stress reduction program as compared to the control [36]. In contrast, a small study of 20 older, low-
income, African- Americans showed that in those randomized to a mindfulness meditation program, 
a 22 mmHg lower systolic blood pressure (SBP) (p = 0.020), as well as a 17 mmHg reduction in 
diastolic blood pressure (p = 0.003) was seen [37]. A limitation of this trial was the small sample 
size, though the results were dramatic. Several other studies have shown more modest results. 201 
black patients with angiographic evidence of CVD randomized to a transcendental meditation pro-
gram were shown to have a 4.9 mmHg lower SBP than those randomized to health education alone 
[38]. However, a 2007 Agency for Healthcare Research and Quality report consisting of numerous 
meta-analyses found no significant benefit between a number of meditation techniques as compared 
to health education [39]. A 2015 meta-analysis of 12 randomized controlled trials of African-
American patients found a mean reduction of systolic/diastolic BP of 4/2 mmHg, respectively, when 
compared to controls [40]. Clearly, the ability to generalize the findings of the effect of mindfulness 
and meditation on hypertension is limited by the lack of the reproducibility of results and requires 
further investigation.

 Tobacco Use

The efficacy of mindfulness meditation has shown some benefit in tobacco cessation. In a study of 27 
smokers randomized to mindfulness meditation or relaxation training, a 60% reduction in smoking 
was seen in those in the mindfulness meditation arm, with no change in smoking seen in the relaxation 
training group. This correlated with functional MRI studies showing increased activity in the anterior 
cingulate and prefrontal cortex in the meditation group, indicating higher activity in the areas respon-
sible for self-control [41]. A meta-analysis of four RCTs of mindfulness training as compared to 
control showed 25% of patients participating in mindfulness training were able to remain abstinent 
from smoking for more than 4 months, as compared to 14% of the control groups (tobacco cessation 
counselling alone) [42].

 Medication Nonadherence

There have been no studies of the effect of mindfulness meditation on adherence to medications in a 
CVD population specifically [43]. However, studies in other chronic diseases, specifically HIV, have 
shown some promising results regarding adherence. In a pilot randomized controlled trial of 72 HIV- 
infected youth randomized to mindfulness meditation or control, those in the intervention group were 
44% more likely to have gone from high viral load to low viral load, a finding that is thought likely 
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due to improved antiretroviral therapy adherence [44]. Further randomized controlled trials are 
needed, particularly in a population of patients with CVD, to determine the efficacy of mindfulness 
and meditation on improving medication adherence.

 Summary

Meditation and mindfulness may play a role in reducing CVD morbidity and mortality, though at 
present this is inconclusive given insufficient data. Meditation and mindfulness do represent a low- 
cost intervention that may have some benefit in mitigating some of the risk factors for CVD. Accordingly, 
the American Heart Association Scientific Statement has indicated “Meditation may be considered as 
a reasonable adjunct to guideline-directed cardiovascular risk reduction by those interested in this 
lifestyle modification, with the understanding that the benefits of such intervention remain to be better 
established” [20].

The mainstay of cardiovascular prevention is the implementation of proven guideline-directed 
approaches for primary prevention and addressing CVD risk factors. Further research is needed 
regarding the benefit of mindfulness and meditation, with emphasis on randomized control trials with 
adequate power and long-term follow-up to evaluate cardiovascular outcomes and mortality. Currently 
available data consists of small trials with short-term follow-up, with limited data on CVD and CV 
mortality. Current recommendations are that these interventions may be used as a low-harm adjunct 
to proven behavioral approaches and therapies for CVD prevention.

 Nutrition and Cardiovascular Disease

Dietary patterns influence cardiometabolic risk factors including adiposity, blood pressure, glucose- 
insulin homeostasis, lipids, endothelial function, inflammation, cardiac function, thrombosis, and vas-
cular adhesion (Fig. 17.1). High body mass index is the second and third leading cause of morbidity 
and mortality in the United States [46] as consumption of high-calorie diets is resulting in an epidemic 
of obesity and insulin resistance. Healthy dietary practices, at all stages of life, are integral to the 
prevention and treatment of CVD [47]. Observational and randomized studies on diet and health 

Refined grains, starches, sugars
Fruits, vegetables, nuts
Whole grains, legumes
Yogurt, cheese, milk
Fish, shellfish
Processed meats, red meats
Vegetable oils, specific fatty acids
Coffee, tea, alcohol
Sugary beverages, juice
Minerals, antioxidants,
phytochemicals
Food-based dietary patterns
Food processing, preparation
methods

Blood pressure
Glucose-insulin homeostasis
Liver fat synthesis
Blood lipids, apolipoproteins
Endothelial function
Systemic inflammation
Brain reward, craving
Gut microbiome
Satiety, hunger, obesity
Adipocyte function
Cardiac function
Thrombosis, coagluation
Vasular adhesion

Fig. 17.1 Diet and cardiometabolic risk – pathways and mechanisms. Each of these dietary factors influences many or 
even all of these pathways. (Used with permission from Mozaffarian [45])
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outcomes are challenging due to difficulties in measuring dietary intake and adherence over periods 
of time needed to see an effect on cardiovascular health [48]. As a result, current dietary recommenda-
tions are based on a combination of observational studies and interventional trial evidence supple-
mented by findings from mechanistic studies [47]. Dietary recommendations have evolved from 
nutrient-based to food-based dietary patterns which are more easily translatable when counseling 
patients [49]. In this section we review the current evidence and recommendations for nutritional 
interventions in the prevention and treatment of cardiometabolic disease.

 Excess Caloric Intake

Excess caloric intake, usually in the form of saturated fatty acids, added sugars, sodium-laden foods, 
and refined grains, results in accumulation of fat and weight gain. Selection of a nutrient-dense dietary 
pattern that leads to maintenance of a healthy body weight is crucial for maintaining cardiometabolic 
health. Currently, the US Department of Health recommends adult women and men consume between 
1600–2400 and 2000–3000 calories per day, respectively, depending on activity level [50]. Caloric 
restriction leads to significant improvements in inflammation and insulin sensitivity resulting in 
decreased atherosclerosis [51]. Unfortunately, significant sustained weight loss through dieting can be 
difficult to maintain. Evidence suggests that low-carbohydrate and Mediterranean diets are superior 
to low-fat diets in maintaining weight loss [52].

 Dietary Patterns and Food Groups

Dietary patterns represent the overall combination of foods habitually consumed, which produce syn-
ergistic effects on cardiovascular health. The dietary patterns with the most evidence of cardiovascular 
benefit are the Dietary Approaches to Stop Hypertension (DASH), Mediterranean, and American 
Heart Association (AHA) patterns. Importantly, they share several fundamental characteristics. These 
include the high consumption of minimally processed food from plant sources such as fruits, nuts/
seeds, vegetables (excluding corn and white potatoes), legumes, and whole grains and, in addition, a 
focus on low-to-moderate consumption of dairy, eggs, poultry, and seafood, as well as minimal con-
sumption of red meats, processed meats, foods rich in refined grains, starches, and added sugars 
(Table 17.1). These diets are higher in fiber, vitamins, antioxidants, minerals, phenolics, and unsatu-
rated fats and lower in carbohydrates, salt, and saturated fats.

The consumption of minimally processed, plant-derived foods such as fruits, non-starchy vegeta-
bles, beans/legumes, and nuts/seeds has been consistently associated with improved cardiometabolic 
outcomes [53, 54]. Observed long-term benefits are supported by controlled trials using dietary pat-
terns rich in these food groups [55]. Various phytochemicals and micronutrients such as folate, potas-
sium, fiber, and flavonoids are hypothesized to be responsible for the observed benefits. Potatoes are 
a widely consumed starchy vegetable and are rich in fiber and vitamins C and B6. However, their 
consumption results in a high-glucose load and has been associated with greater weight gain, type 2 
diabetes, and CVD [56]. As a result, potato consumption is excluded from recommendations to 
increase vegetable intake.

The consumption of whole grains is associated with a substantially lower risk of CVD and mortal-
ity [57]. Whole grains consist of an endosperm (starch) encased by bran and germ layers rich in fiber, 
protein, B vitamins, flavonoids, antioxidants, and phytochemicals. When whole grains are intact 
(e.g., quinoa) or partially intact (e.g., stone ground oats), the bran protects the starchy endosperm 
from rapid oral and gastric digestion resulting in greater satiety and a lower glycemic response [58]. 
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Table 17.1 Dietary Principles for Cardiometabolic Healtha, b [45]

Food group Goal One serving equals Examples

Consume more

Fruits 3 servings/day 1 medium-sized fruit
½ cup of fresh, frozen, dried 
or unsweetened canned fruit
½ cup of 100% fruit juice

Blueberries, strawberries, apple, orange, 
banana, grapes, avocado, mango, and tomato. 
Whole fruits are preferable to 100% juice 
which should be limited to ≤1 serving/day

Vegetables 
(including 
legumes, 
excluding 
potatoes)

3 servings/day 2 cups of raw leafy 
vegetables
1 cup of cut raw/cooked 
vegetables
1 cup of 100% vegetable 
juice
½ cup of cooked beans

Focus on spinach, kale, and other green leafy 
plants, broccoli, carrots, onions, peppers, 
peas, beans, and lentils. Minimize starchy 
vegetables, especially corn and potatoes

Whole 
grainsc

3 servings/day 1 slice of bread
1 cup of cereal
½ cup of cooked rice, pasta, 
or cereal

Oats, quinoa, bulgur, couscous, barley, 
whole-grain breads, cereals, and brown rice

Nut, seeds 4 servings/week 1 ounce (24 almonds, 18 
cashews, 15 pecans or 
walnut halves)

Almonds, walnuts, hazelnuts, cashews, 
pecans, sunflower seeds, and sesame seeds

Fish, shellfish ≥2 servings/week 3.5 ounces (100 g) Prefer oily fish such as salmon, tuna, 
mackerel, trout, herring, and sardines

Dairy 
products 
(especially 
yogurt and 
cheese)

2–3 servings/day 1 cup of skim milk or yogurt
1 ounce of cheese

Yogurt, cheese, or low-fat/skim milk

Vegetable 
oils 
(especially 
phenolic and 
unsaturated 
fat-rich oils)

2–6 servings/day 1 teaspoon of oil
1 tablespoon of vegetable 
spread

Prefer extra virgin olive oil, soybean, and 
canola oil. Consider safflower and peanut oil 
and margarine spreads

Eggs 1 egg or 2 egg 
whites per day

Consume less

Refined 
grains, 
starches, and 
added sugarsc

No more than 1–2 
servings/day

1 slice bread
½ cup of rice or cereal
1 sweet or dessert

White bread, white rice, most breakfast 
cereals, crackers, granola bars, sweets, 
bakery desserts, and added sugars

Processed 
meats

No more than 1 
serving/week

1.75 ounces (50 g) Preserved (sodium, nitrates) meats such as 
bacon, sausage, hot dogs, pepperoni, salami, 
and low-fat deli meats (turkey, chicken, ham)

Unprocessed 
red meats

No more than 1–2 
servings/week

3.5 ounces (100 g) Fresh/frozen beef, lamb, or pork

Trans fat Avoid Any food containing 
partially hydrogenated 
vegetable oil

Certain stick margarines, commercially 
prepared baked foods, snack foods, and deep 
fried foods

Other nutrient considerations

Fiber Consume 28–30  
g/day

Whole grains, fruits, vegetables, legumes, nuts, and seeds

Saturated fat <7–8% of daily 
caloric intake

Soft margarines or meat; avoid butter, cream, beef tallow, lard, and tropical 
oils (palm and coconut oil)
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Refined and highly processed grains (e.g., white bread or pasta) should be consumed in moderation or 
avoided. A ratio of total carbohydrate to dietary fiber of <10:1 can be useful when trying to identify 
healthier grain choices [59].

Nuts and legumes are rich sources of plant proteins, fatty acids, fiber, antioxidant vitamins, miner-
als, and phytochemicals [53]. Frequent nut consumption is associated with decreased inflammatory 
markers, increased resistance to cholesterol oxidation, and decreased LDL-C and increased HDL-C 
[60]. In high-risk individuals the consumption of a Mediterranean dietary pattern supplemented with 
olive oil or nuts significantly reduced cardiovascular events by 30% compared to a control reduced- 
saturated fat diet [55]. A meta-analysis of 25 observational studies found that 4 servings per week of 
nuts was inversely associated with fatal CVD [HR = 0.76 (95% CI: 0.69–0.84)] and nonfatal CVD 
[HR = 0.78 (95% CI: 0.67–0.92)] [53].

Fish are a rich source of polyunsaturated omega-3 fatty acids (PUFA). Deep saltwater fish, such as 
salmon, mackerel, and tuna, are generally fattier and contain higher concentrations of omega-3 free 
fatty acids than other fish. Omega-3 fatty acids improve cholesterol profiles, endothelial function, 
blood pressure, and reduce inflammation, thrombosis, and myocardial oxygen demand [61]. In com-
parison with little or no consumption, moderate consumption of fish (2–4 servings/week) is associated 
with lower risk of fatal CVD (HR = 0.79 (95% CI: 0.67–0.92)]; however, this benefit was not seen 
with higher consumption [62]. The effects of fish consumption on other vascular conditions such as 
stroke and heart failure have been inconclusive [61]. The bioconcentration of organic pollutants, such 
as methylmercury and dioxins, in larger wild-caught predatory fish may reduce some of the cardiovas-
cular benefits of their consumption [63]. The danger is greatest in the neurocognitive development of 
the fetus. Pregnant and nursing women should follow US Food and Drug Administration guidance to 
eat 2–3 servings/week of a variety of fish lower in mercury [64].

Dairy products represent a diverse class of foods with complex effects on cardiometabolic health 
that may be a result of their differing amounts of calcium, vitamin D, fat, fermentation, and probiotic 
composition in milk, cheese, and yogurt products [45]. The consumption of dairy, especially yogurt, 
is weakly associated with decreased systolic and diastolic blood pressure, abdominal obesity, and 
cardiovascular events [65, 66]. Current evidence supports moderate consumption of yogurt and pos-
sibly cheese, with the choice between low fat and whole fat being up to personal preference [45].

Meat is a rich source of protein and fat but contains no fiber and few antioxidant nutrients; its energy 
displaces that from plant foods, which contain an abundance of essential nutrients and antioxidants [67]. 

Table 17.1 (continued)

Food group Goal One serving equals Examples

Sodium <2000 mg/day
<1500 mg/day if 
hypertensive

Often used as a preservative. Common hidden sources include bread, 
chicken, cheese, processed meats, soups, and canned foods

Alcohol No more than 2 
drinks/day men and 
1–1.5 drinks/day 
women

12 ounces of  beer
8 ounces of malt liquor
5 ounces of wine
1.5 ounces of distilled spirits

Sugar-
sweetened 
beverages

Avoid 8-ounce beverage
1 small sweet pastry or 
dessert

Soda, fruit drinks, sports drinks, energy 
drinks, and iced teas

Coffee 
(black)

3–4 cups daily 8-ounce cup n/a

aBased on a 2000 kcal/diet. Servings should be adjusted accordingly for lower or higher energy consumption
bAdapted from Mozaffarian [45]
cWhen selecting whole grains, use and consider the ratio of carbohydrate to dietary fiber. Food with ratios <10:1 (or 
>1 g of fiber for every 10 g of carbohydrate) are preferable. Minimally processed whole grains are preferable to finely 
milled whole grains
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The consumption of processed meats (i.e., hamburgers, hot dogs, cold cuts) has been shown to increase 
the risk of CVD in a linear fashion [68]. This is thought to be due to the high concentrations of sodium 
and nitrites, which are used as preservatives in processed meats. The consumption of red meats (i.e., 
beef, lamb, pork) is associated with an increased risk for type 2 diabetes and cardiovascular disease [68, 
69]. In comparison the consumption of eggs and poultry has not been consistently shown to negatively 
impact cardiometabolic health [70, 71]. The substitution of processed and red meats with other sources 
of protein such as fish, poultry, and eggs is associated with a lower incidence of cardiovascular disease 
and mortality [69, 72]. These recommendations are summarized in Table 17.1.

 Beverages

Numerous studies have shown that higher consumption of sugar-sweetened beverages (SSB), such as 
sodas, energy drinks, and artificial juices, is associated with an increased prevalence of obesity, type 
2 diabetes, and cardiovascular disease [73, 74]. These associations are likely attributable to a high 
glycemic/insulin response in combination with low satiation resulting in increased adiposity [75]. The 
consumption of black coffee has a J-shaped relationship with CVD – with the consumption of 3–4 
cups daily associated with lowest risk [76]. Similarly, alcohol also demonstrates a J-shaped relation-
ship with cardiovascular disease, with both abstainers and heavy drinkers having increased risk com-
pared to moderate drinkers [77, 78]. The exact nadir of risk varies by age, sex, and ethnicity but is 
lowest in individuals who consume 1–2 drinks per day [78]. In addition, the pattern of drinking is 
important: benefits are seen with moderate use across multiple days per week, not with high levels on 
a few days [79]. The consumption of alcohol is not benign and is associated with an increased risk of 
cancers, liver disease, cardiomyopathy, and accidents [80]. Alcohol intake should not be encouraged 
solely as a means to reduce CVD risk; rather patients who already drink should be advised to do so in 
moderation.

 Sodium

Dietary sodium raises blood pressure in a dose-dependent fashion with stronger effects among the 
elderly, those with preexisting hypertension, and blacks [81]. High sodium intake is associated with 
increased risk of stroke, CVD, and mortality [82]. Overall, the sum of the evidence suggests that opti-
mal levels of sodium intake are <2  g/day with possible additional benefit down to <1.5  g/day in 
patients with hypertension, HF, or chronic kidney disease [81, 83]. In North America, ~75% of dietary 
sodium comes from packaged foods and restaurants, with minor contributions from home cooking or 
table salt [84]. Patients should be warned to avoid these “hidden” sources of dietary sodium, such as 
the AHA’s salty six common foods, including breads and rolls, sandwiches, cold cuts and cured meats, 
pizza, soup, and burritos and tacos.

 Summary

Dietary patterns have been found to significantly influence cardiometabolic risk factors (Fig. 17.1). 
Recommendations should focus on specific foods or dietary patterns instead of focusing on single 
isolated nutrients. Selection of a nutrient-dense dietary pattern that leads to maintenance of a healthy 
body weight is crucial for maintaining cardiometabolic health. Dietary patterns that are rich in fruits, 
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vegetables, nuts, whole grains, and fish; encourage moderate consumption of dairy, poultry, and eggs; 
and have minimal consumption or avoidance of red meats, processed foods, refined grains, and sugars 
demonstrate the greatest cardiometabolic health benefits. These recommendations are summarized in 
Fig. 17.2.

 Conclusion

Approximately 90% of cardiovascular risk can be mediated via control of modifiable risk factors [85]. 
The interventions listed above represent low-cost, low-risk interventions that add to the therapeutic 
armamentarium for clinicians and patients. Implementation of programs and strategies to support the 
adoption of these interventions in those at risk is an important component of cardiovascular disease 
prevention going forward.

1. Vegetable Oils: Minimal use of healthy plant-based oils, such as olive and canola oils. Avoid saturated fats,
such as butter, and tropical oils such as coconut and palm oil.
2. Water: Drink 1-2 L of water daily. Drink tea or black coffee. Limit milk and juice to 1 serving/day. Avoid
sugar-sweetened beverages, such as soda and energy drinks. Limit alcohol to 2 servings/day in men and
1.5 servings/day in women.
3. Vegetables: Approximately half of your plate should consist of non-starchy vegetables, such
as spinach, kale, peppers, carrots, and broccoli. The greater the variety the better. Limit/avoid
the consumption of starchy vegetables, such as potatoes and corn.
4. Whole Grains: Approximately one quarter of your plate should consist of whole grains, such as quinoa, farro, 
oats, or brown rice. Avoid refined "white" grains such as white bread or rice.
5. Fruits: Approximately one fifth of your plate should consist of a variety of fruits, such as apples, oranges, and
berries. These make an excellent dessert.
6. Protein: Approximately one quarter of your plate should consist of a protein such as fish, poultry, soy, or nuts.
Limit red meats and avoid processed meats, such as bacon, hot dogs, or cold cuts.

Stay physically
active.

Consume
unprocessed
whole foods.

Enjoy meals with
family and friends.

1. VEGETABLE
OILS

2. WATER

3. VEGETABLE

4. WHOLE
GRAINS

6. PROTEIN
5. FRUITS

Fig. 17.2 Heart-healthy plate
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 Introduction

Chronic kidney disease (CKD) is a multidimensional chronic medical condition defined as an abnor-
mality of kidney structure or function, present for more than 3 months, with a detrimental impact on 
overall health. CKD has emerged as a global public health problem [18]. According to the Centers for 
Disease Control and Prevention, in 2017, 30 million people or approximately 15% of the US adults 
were estimated to have CKD with higher prevalence among women and blacks [33]. CKD is classified 
based on the etiology (diabetic vs. nondiabetic), how well the kidney filters blood (glomerular filtra-
tion rate [GFR] category), and the amount of albumin (or protein) excretion in urine. While a signifi-
cant proportion of patients with CKD die of cardiovascular disease, end-stage kidney disease (ESKD) 
requiring dialysis or kidney transplantation is a significant problem with a substantial economic bur-
den for health-care systems [36, 47]. Worldwide, the leading causes of CKD are diabetes and hyper-
tension. However, other risk factors include obesity, glomerulonephritis, cystic kidney disease, chronic 
interstitial nephritis, and various causes of acute kidney injury (AKI). Often, individuals with CKD 
are not aware of underlying kidney disease and are referred late to nephrologists. The multifaceted 
nature of CKD requires a holistic and integrative approach to treatment and management by both 
patients and clinicians (from various specialties) by not only medications but also nutrition, fitness, 
and promoting an overall sense of well-being.

 Nutrition in CKD

 Protein Intake

Experimental studies conducted three decades ago suggested the relationship of high-protein intake 
with glomerulosclerosis and tubulointerstitial injury and proposed that protein restriction improved 
the pattern of injury [16, 46]. This was later confirmed in patients with diabetic nephropathy, nephrotic 
syndrome, and non-proteinuric diabetes [6, 7, 19, 25]. The proposed mechanism of injury is dilatation 
of afferent arteriole by high-protein diet leading to glomerular hyperfiltration [42]. However, in recent 
years, the focus has shifted to a concept known as net endogenous acid production (NEAP), which 
describes a balance between the generation of acid from sulfur-containing amino acids in diet and 
alkalinity from potassium salts of organic acids [40]. In other words, not all proteins are created equal 
when it comes to adversely affecting the patients with CKD. The net decline in GFR is dependent on 
NEAP and is ameliorated by alkali therapy. Proteins from plant sources (fruits and vegetables) have 
beneficial effects by generating bicarbonate load and reducing NEAP. Increasing alkali load by intake 
of fruits and vegetables is comparable to [13], or slightly better than [14], oral sodium bicarbonate or 
sodium citrate therapy in reducing progression of CKD. Conversely, high consumption of red and 
processed meat is associated with increased risk of CKD progression and mortality.

Protein intake of 0.6–0.8 g/kg edema-free, lean body weight is recommended for patients with CKD 
while trying to maintain adequate calorie intake of 30–35 kcal/kg body weight. This goal should be 
liberalized if there are clinical signs of protein-energy wasting (PEW), and in general, high-protein 
intake (>1.3 g/kg) should be avoided. Clinicians can monitor compliance with dietary protein restric-
tion using the formula described by Maroni et al. [30], utilizing the fact that dietary proteins are excreted 
either as urea or non-urea nitrogen (NUN) after degradation. NUN averages about 0.031 g N/kg body 
weight/day and can be added to measured 24-hour urinary urea nitrogen to assess total nitrogen intake. 
As protein is 16% nitrogen, total nitrogen intake can be converted to protein intake by dividing it by 
0.16. These calculations assume steady-state nitrogen balance and require a steady level of blood urea 
nitrogen and patients’ body weight applicable usually to clinically stable outpatients.
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Clinicians have always expressed concern that low-protein diet may lead to hypoalbuminemia that 
increases the risk of mortality in this patient population. However, patients with CKD who are fed 
restricted amount of protein reduce their oxidation of amino acids and degradation of proteins, leading 
to a neutral nitrogen balance. This is true even in patients with nephrotic syndrome, where restricting 
dietary protein intake paradoxically leads to a small but significant decrease in proteinuria and an 
increase in serum albumin levels [11, 21]. Recommended protein intake for patients with nephrotic 
syndrome is 0.8 g protein/kg body weight (plus 1 g per g of proteinuria). However, a low-protein diet 
is not recommended for proteinuria of >15 g or in the presence of catabolic milieu (vasculitis, gluco-
corticoids, etc.). Table 18.1 provides recommendations from various societies regarding dietary intake 
of protein.

Limited data exist on the role of very low-protein diet to delay dialysis. Brunori et al. [3] conducted 
a study in Italy including elderly (>70 years) patients with GFR of 5–7 ml/min/1.73m2 BSA without 
uremia and randomized them to dialysis vs. very low-protein diet (0.3 g/kg body weight) supple-
mented with keto-analogues, amino acids, and multivitamins (sVLPD). Patients were started on dialy-
sis if they developed uremic symptoms, significant electrolyte abnormalities, fluid overload, or 
evidence of malnutrition. The study was designed to evaluate possible non-inferiority in mortality in 
the diet group compared with dialysis group. Results suggested that sVLPD is safe when postponing 
dialysis treatment by a median of 10.7 months (range: 1–54 months). More importantly, there were 

Table 18.1 Nutritional guidelines from various societies for adults with non-dialysis-dependent CKD

Nutrient KDIGO 2012 KDOQI 2007

ADA (for diabetic 
kidney disease) 
2014

NICE UK 
guidelines 
(updates 2014)

Protein 
intake

Avoid high-protein intake >1.3  
g/kg/day in adults with CKD at 
risk of progression
0.8 g/kg/day in adults with GFR 
<30 ml/min/1.73m2

For GFR <25  
ml/min/1.73 m2, 0.6  
g/kg/d should be 
considered
However, if unable to 
tolerate or cannot 
meet energy 
requirements, 0.75  
g/kg/d may be 
prescribed

Specific target not 
provided. 
Recommends 
“usual” (not high) 
protein intake

Do not offer 
low-protein diets 
(dietary protein 
intake of less than 
0.6–0.8 g/kg/day) 
to people with 
CKD

Sodium 
intake

Less than 2 g per day of sodium 
(5 g of sodium chloride)

Reduction of intake to 
2.3 g/d as 
recommended by 
DASH diet

Reduce sodium to 
less than 2.3 g/d 
as recommended 
for the general 
population

Offer dietary 
advice about salt 
intake appropriate 
to the severity of 
CKD

Potassium 
intake

No specific target but “recommend 
that individuals with CKD receive 
expert dietary advice and 
information in the context of an 
education program, tailored to the 
severity of CKD and the need to 
intervene on salt, phosphate, 
potassium, and protein intake 
where indicated”

No specific 
recommendation but 
recommends 
nutritional counseling

No specific target 
provided

Offer dietary 
advice about 
potassium intake 
appropriate to the 
severity of CKD

Phosphorus 
intake

No specific target but 
recommendation as above

No specific target but 
recommends 
nutritional counseling

No specific target 
provided

Offer dietary 
advice about 
phosphate intake 
appropriate to the 
severity of CKD.

KDIGO Kidney Disease: Improving Global Outcomes, KDOQI Kidney Disease Outcomes Quality Initiative, ADA 
American Diabetes Association
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fewer hospital admissions and reduced length of stay in the dietary restriction arm, due to reduced 
complications related to vascular access. Notably, people with diabetes and patients with left 
 ventricular ejection fraction <30% were excluded from the study. Walser et al. have previously shown 
that renal replacement therapy can be delayed using 0.3 g/kg/day protein diet in patients with GFR of 
less than 10 ml/min (<15 ml/min in people with diabetes) for a median duration of 353 days [48]. 
Although these studies have relatively small sample sizes and such stringent dietary restriction may 
not be easy to implement in all patients with significantly reduced GFR, it certainly is a viable option 
for elderly patients who do not wish to start dialysis.

 Sodium Intake in CKD

Patients with CKD are usually “salt sensitive” (a term used to describe the inability to regulate blood 
pressure and extracellular fluid volume status in the face of salt load) and benefit greatly from restrict-
ing dietary salt intake. Reduced salt intake not only reduces systolic blood pressure and positively 
affects volume status of the patient but also reduces the proteinuria and may augment the beneficial 
effects of diuretics and renin-angiotensin-aldosterone system blockade in patients with nephrotic syn-
drome [26, 31]. However, it is not established beyond doubt that a low-sodium diet slows the progres-
sion of CKD [43]. Observational studies in the general population and those with CKD reported a 
J-shaped relationship between dietary salt intake and adverse outcomes, with sodium intake less than 
2–3  g and more than 5  g being associated with worse CV outcomes [9, 32, 45]. Kidney disease 
improving global outcomes (KDIGO) guidelines recommend lowering salt intake to less than 2 g per 
day of sodium (corresponding to 5 g of sodium chloride) in adults unless contraindicated. Keeping in 
mind that there is no proven benefit of the generally recommended target of less than 2.3 g/d [17], the 
compliance may be reduced due to issues with palatability, and low-sodium intake may lead to inad-
equate calorie intake (especially in the USA) in this patient population; a target of less than 4 g (3 g 
for patients with fluid overload problems) may be more practical and has also been advocated [20]. 
Dietary salt restriction is only possible if patients are willing to prepare meals at home using fresh 
ingredients due to the high sodium content of foods bought at fast-food restaurants and from pro-
cessed or tinned food products.

 Phosphorus Intake in CKD

There has been consistent observational evidence from epidemiologic studies linking hyperphos-
phatemia with poor clinical outcomes, especially for cardiovascular events and mortality as well as 
CKD mineral and bone disorders. However, substantial evidence confirming that reduction in serum 
phosphate levels improves patient outcomes is lacking. Both dietary and pharmacologic interven-
tions are currently employed to reduce serum phosphorus levels in CKD. Accordingly, the recom-
mendation is to reduce daily phosphorus intake to no more than 800 mg/day. Table 18.2 lists foods 
that contain high amounts of phosphorus. Besides these apparent sources, phosphorus is a hidden 
but integral component of most processed and packaged foods and may not be listed on the nutri-
tional labels. Clinicians should also be aware that phosphorus is also present in some of the medica-
tions commonly prescribed to kidney patients, like amlodipine and lisinopril, and quantity may 
vary depending on the manufacturer [44]. Patient education regarding various sources of exogenous 
phosphorus is the cornerstone of dietary management of CKD and plays a significant role in reduc-
ing pill burden of phosphate binders and avoiding complications of secondary hyperparathyroid-
ism. The type of phosphate consumed also affects serum phosphate levels, with higher levels after 
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consumption of dairy products compared to the similar amount of phosphate ingested with meat or 
grains. In contrast, less than 50% of organic phosphate derived from plant sources (nuts, legumes, 
cereals, etc.) is absorbed.

 Potassium Intake in CKD

Hyperkalemia is a common complication in CKD (especially among those with advanced CKD), and 
both hypo- and hyperkalemia are associated with increased risk for death in this population. The rec-
ommended potassium intake for patients with CKD is less than 2 g/day, although consensus is lack-
ing. Table 18.2 lists foods containing high potassium content.

 Role of the Renal Registered Dietitian Nutritionist

Patients with CKD are faced with an uphill task of following myriad dietary restrictions while trying 
to maintain adequate caloric intake and avoiding protein-energy wasting (PEW). This task is even 
more complex among those with comorbidities such as hypertension, diabetes, or congestive heart 
failure. A dedicated renal dietitian can help them navigate this maze and answer the question that 
CKD patients invariably pose to their physicians: “What’s left that I can eat?” Renal dietitians can 
suggest various sample meal plans (see Table 18.3) and tailor them according to patients’ ethnic back-
ground (American, Hispanic, Asian Indian, etc.) and personal preferences while trying to avoid the 
risk of excluding vital nutrients. Dietitians are not only skilled at recommending nutritional changes 
but also monitoring and implementing them by following the outcomes expected from dietary manip-
ulations. Frequent visits with a renal dietitian are required to reinforce various recommendations, 
follow progress, and establish a partnership where the patient starts taking charge of their health with 
support and encouragement from the dietitian. An assessment of patients’ food and nutrition knowl-
edge deficit and a detailed nutritional history is vital before any recommendations for dietary restric-
tions are made. Food diaries can be used as a tool for monitoring the progress. To make it less 
cumbersome for the patient, some dietitians use a stepwise approach, where protein restriction is 

Table 18.2 Foods containing high levels of phosphorous and potassium

Foods containing high levels of phosphorous Foods containing high levels of potassium

Cheese (Swiss, Cheddar, American) Spinach
Milk, yogurt Brussels sprout
Custard, pudding, ice cream Potato (higher content if eaten with peel)
Carbonated drinks (Coke, Pepsi, Dr. Pepper) Broccoli
Chocolate Beans and lentils
Dried fruit Artichokes
Peanuts Tomatoes
Almonds Bananas
Cashews Avocados
Peanut butter Cantaloupe
Salmon, lobster, crab Mango
Liver Orange
Beef Juices of high potassium fruits and vegetables
Brown rice Milk, yogurt, cheese
Pumpkin seeds, sunflower seeds Salt substitutes
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discussed and implemented during the initial visit, and sodium, potassium, and phosphorus restriction 
is deferred to later visits when protein intake is near target. In the USA, dietitians are approved provid-
ers of medical nutrition therapy for patients with GFR of less than 50 mL/min/1.73 m2, as well as 
patients who have diabetes. The Centers for Medicare and Medicaid Services allows 3 hours of medi-
cal nutrition therapy in the first year (can be achieved over multiple visits) and 2 hours in second year 
and beyond.

 Exercise in CKD

KDIGO guidelines recommend moderate physical activity for 30  minutes five times per week in 
patients with CKD [22]. Similar to the non-CKD population, there is a significant association between 
physical inactivity and increased morbidity in patients with CKD [1, 35]. Physical activity can 
improve neuromuscular functioning and muscle mass, exercise tolerance, and cardiorespiratory fit-
ness besides improving control of hypertension and diabetes. However, observational data show that 

Table 18.3 Sample dietary plan for a 70 kg patient with CKD stage 4–5 not on dialysis (56 g of protein, almost 2100 
kcals)

Meal pattern:
4 oz. of meat, fish, poultry, or egg for high biological value protein
½ cup milk/yogurt
3 portions of low potassium fruit
3 portions of low potassium vegetables
6 portions of low potassium/phosphorus bread/cereals/starches
Breakfast Lunch Dinner
Homemade parfait:
½ cup plan or vanilla 
yogurt
½ cup mixed berries
1 cup of corn or rice 
dry cereal

Chicken wrap:
2 oz. cooked chicken
2 flour tortillas
1 cup of raw spinach
½ cup sliced cucumbers
¼ cup shredded carrots
1 Tb mayonnaise
1 clementine/tangerine
Homemade lemonade/clear color soda/ tea

Turkey sandwich:
2 oz. cooked turkey breast
2 slices of toasted white bread
1-cup of shredded lettuce or cabbage
½ cup of sliced bell pepper and red onion
1 Tb mayonnaise
1 apple
Homemade lemonade/clear color soda/tea

Half cup of dry 
cereal (rice/corn 
preferably)
1 cup rice milk
½ cup strawberries
1 slice of bagel
1 Tb cream cheese
1 TB of jam (apricot/
strawberry/grape)

Mediterranean sandwich:
2 oz. cooked beef
½ small pita bread
1 cup grilled eggplant, zucchini, and onions
1 cup shredded lettuce
1 Tb olive oil mixed with dry herbs
1 peach
Homemade lemonade/clear color soda/ tea

Salmon dinner:
2 oz. of cooked salmon (seasoned with TB 
of olive oil and lemon)
1 cup of white rice cooked with peas, and 
carrots
1 cup of green beans (seasoned with olive 
oil, lemon, smashed garlic, and black 
pepper)
½ cup fruit cocktail
Homemade lemonade/clear color soda/tea

1 English muffin
1 Tb kefir cheese
½ cup of berries
1 cup of coffee with 
cream and sugar

Egg salad:
2 boiled eggs
½ cup of shredded lettuce (iceberg, arugula, 
Bibb, Boston, red leaf, or green leaf lettuces)
½ cup of sliced red onions and bell peppers
½ cup of sweet corn
12 unsalted crackers
½ cup of grapes
Homemade lemonade/clear color soda/tea

Tuna dinner:
2 oz. fresh tuna
1 cup of asparagus
1 cup of pasta (seasoned with olive oil, 
fresh smashed garlic, and Italian herbs)
½ cup pineapple chunks
Homemade lemonade/clear color soda/tea
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physical activity declines with the progression of CKD, especially in elderly patient population and is 
associated with increased risk of death [41].

Exercise is a specific form of physical activity that is structured, repetitive, and intended to main-
tain or improve physical fitness [5]. Multiple barriers and facilitators of exercise have been identified 
and can be addressed in a multidisciplinary fashion (Table 18.4) [51]. Although there is a dearth of 
evidence-based exercise programs in patients with CKD, a simple prescription of home-based, 
moderate- intensity aerobic exercise like brisk walking or cycling for 30 minutes to 1 hour, 3–5 times 
a week has been shown to improve physical functioning and reduce cardiovascular risk [15]. Resistance 
exercise can promote anabolic triggers including serum IGF-1, testosterone, and human growth hor-
mone, which has the potential to prevent or slow muscle wasting. However, professional supervision 
is recommended for patients undergoing resistance training to prevent injury. Among dialysis patients, 
physical activity is limited, and recent clinical trial evidence suggests that simple, personalized, home- 
based, low-intensity exercise program managed by dialysis staff may improve physical performance 
and quality of life [29]. From a medical standpoint, treatment of anemia is a modifiable risk factor for 
decreased exercise tolerance and fatigue. Therefore, treating anemia can help patients’ exercise capac-
ity and willingness to participate in physical activity.

 Social Support and Role of Renal Social Worker

As evident from the discussion above, management of CKD requires a significant change in a patient’s 
lifestyle, dietary habits, and daily routine and has the potential to impact social interactions and per-
sonal relationships. Thus, it is challenging for a person to be compliant with dietary and medication 
regimens and keep up their motivation to stay healthy without vigorous support from family and 
friends. It wouldn’t be an exaggeration to say that “it takes a village” to take good care of a patient 
with CKD and to keep them an active and functioning member of the society. This becomes even more 
important with the progression of CKD and when it comes time to start renal replacement therapy in 
the form of dialysis or transplant [8]. A multidisciplinary approach, including physicians, dietitians, 
nurses, health-care technicians, and renal social workers, is required to facilitate patients’ transition to 
the optimum renal replacement therapy and to help them deal with the strain this endeavor places on 
their schedules, employment, personal relations, finances, and appearances. Renal social worker has 
a pivotal role to play in the care of patients with CKD [4]. They can provide psychosocial perspective 
to the health-care team and help them better understand the perspectives of patients coming from 
diverse cultural, religious, and socioeconomic backgrounds. The renal social worker can also be a 
patient advocate and help them navigate and secure health-care insurance based on their employment 
status, work history, and income category. Social workers are also trained to recognize early signs of 
depression and mental health issues in patients with CKD (as described later) and can offer useful 
insights into a patients’ noncompliance with treatments and follow-up [39].

Table 18.4 Barriers and facilitators to exercise and physical activity

Barriers Facilitators

Sickness or fatigue Support from family and friends
Shortness of breath CKD-specific exercise classes
Lack of motivation Desire to feel better
Lack of time Exercising with others
Lack of access to exercise facilities Enjoying how exercise feels
Lack of encouragement and support Feeling healthy
Lack of knowledge about the benefits of physical activity Belief in one’s ability to be physically active

Wanting to manage weight
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 Pre-End-Stage Kidney Disease (ESKD) Care

Timely referral to nephrologists by primary care physicians has been shown to improve long-term 
outcomes for patients with CKD. According to the National Kidney Foundation-Kidney Disease 
Outcomes Quality Initiative (NKF-KDOQI) clinical practice guideline for CKD, patients should be 
referred to a nephrologist when they have CKD stage 4 with their GFR less than 30 mL/min/1.73 m 
[34] among other indications. Late nephrology referral is an independent risk factor for early death on 
dialysis [50]. Additionally, early pre-ESKD care for patients by nephrologists is associated with 
greater likelihood of access to the kidney transplantation wait list, initiating hemodialysis with the use 
of arteriovenous fistula or graft, and selecting home dialysis as modality of choice [10, 49].

As a result of a timely referral, nephrologists can build rapport with their patients and help manage 
their related comorbidities to delay progression to ESKD, improve quality of life, and reduce hospi-
talizations and emergent-start dialysis. They can educate patients approaching ESKD on possible 
kidney transplantation and various dialysis modalities, including home dialysis vs. in-center dialysis 
by discussions during office visits and also through participation in CKD education classes. Clinicians 
can also work closely with dietitians and use online resources to educate and guide patients on their 
respective dietary modifications.

In addition to providing medical care, clinicians can aid patients by trying to improve their quality 
of life and tailoring therapy to their respective long-term goals. For example, if a patient wishes to 
continue working and needs a flexible schedule when initiating dialysis, peritoneal and/or home dialy-
sis may be a better option as opposed to thrice weekly in-center hemodialysis. Likewise, if patients 
wish to pursue palliative care instead of starting dialysis, clinicians can collaborate with the palliative 
care team to help ensure the best supportive care for their patients while honoring their wishes and 
personal preferences.

 Depression in CKD

Depressive symptoms have been associated with increased mortality among patients with CKD and 
ESKD [23, 24]. In a meta-analysis of cohort studies examining the association between depression 
and death in people with CKD, depression was associated with an increased risk of mortality [38]. 
Likewise, in a systematic review and meta-analysis of observational studies examining the preva-
lence of depression in CKD, Palmer et al. noted approximately one-quarter of adults with CKD are 
depressed when assessed by clinical interview. When questionnaire-based tools are used to identify 
depressive symptoms, prevalence is estimated to be higher in patients on dialysis. Furthermore, 
approximately one-quarter of patients with CKD stages 1–5 or kidney transplant recipients are 
thought to have depressive symptomatology when questionnaires are used for assessment [37]. 
According to the KDOQI clinical practice guidelines, every dialysis patient should be seen by a 
social worker at dialysis initiation and biannually to assess their psychological state, focusing on 
the presence of depression, anxiety, and hostility. If present, patients should be treated [12]. 
Psychopharmacological and psychosocial interventions are often used to help with depressive 
symptoms in patients with CKD/ESKD. Treatment options range from counseling and referral to 
psychiatrists to use of antidepressant medications and cognitive behavioral intervention (CBI). 
Lerma et al. demonstrated the beneficial effects of 5 weeks of CBI for reducing depression and 
anxiety symptoms and improving the overall quality of life in ESKD patients on hemodialysis [27]. 
Insight into the various psychosocial factors affecting individuals with CKD can lead to improved 
screening by providers and timely referral to mental health experts to improve long-term outcomes 
for this population.
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 Use of Technology in CKD

With growing reliance on technology and the use of the internet in everyday life, care of patients with 
CKD has also been transformed. Incorporation of technology and associated resources for patient care 
is slowly improving and has tremendous growth potential. Both patients and health-care workers can 
use available technology via smartphones, smartwatches, laptops, and other devices to improve access 
to care, delivery of information, and educational support.

Telehealth is defined by the US Department of Health and Human Services as “the use of elec-
tronic information and telecommunications technologies to support and promote long-distance clini-
cal health care, patient and professional health-related education, public health and health 
administration” (https://www.healthit.gov/topic/health-it-initiatives/telemedicine-and-telehealth). 
Examples of such technologies include the use of the internet, video conferencing, media streaming, 
text messaging, and wireless communications—all of which can be used by providers to help improve 
CKD related care and education, especially for patients in remote areas who do not have quick access 
to clinicians. Online health-care system portals have drastically improved physician-patient commu-
nication, with expedited refill requests for medications and access to their test results electronically at 
home or on the go.

Mobile health (mHealth) is an essential and popular telehealth-related application that provides 
health-care information through mobile devices (https://www.healthit.gov/topic/health-it-initiatives/
telemedicine-and-telehealth). Individuals can access various applications on their mobile devices to 
help track their fitness and nutrition, which would be helpful for patients monitoring their weight and 
electrolyte intake closely, store their personal health information that they can share with their health- 
care professionals, and help interpret their health information. Furthermore, clinicians can use various 
“apps” and various trusted websites in their day-to-day practice for patient care. For example, there 
are several calculators for clinician reference that can be accessed through different apps including 
some that help calculates individual patients’ risk of CKD progression and those that help interpret 
acid-base disturbances. “My food coach” app developed by the National Kidney Foundation helps 
patients to understand the complex nutritional requirement of CKD patients. Table 18.5 lists some 
useful online resources and applications for CKD patients and practitioners who take care of them.

The use of social media (e.g., Twitter) in medical education is a growing trend that can help 
improve clinician engagement and expand collaboration among physicians but can also be associated 
with controversy. It can be an excellent venue for clinicians to obtain helpful and up-to-date clinical 
information and network with other health-care professionals which can benefit their patients and 
research. However, given the vast amount of information available online, clinicians should be careful 
of their resources and rely on evidence-based medicine for verification and should always respect and 
protect patient confidentiality.

Table 18.5 Online resources for patients and health-care professionals

My food coach application by the 
National Kidney Foundation

Helps understand and manage nutritional requirements in CKD

H2Overload application by the 
National Kidney Foundation

Helps manage fluid intake/balance, weight, and blood pressure

CRN pocket guide application by 
the National Kidney Foundation

Pocket guide for nutritional assessment of patients with kidney disease

www.kidney.org/nutrition National Kidney Foundation website for information on diet and kidney disease
www.niddk.nih.gov/health-
information/kidney-disease

National Institute of Diabetes and Digestive and Kidney Diseases website for 
kidney disease information

www.nutrition.va.gov/kidney.asp US Department of Veterans Affairs website for medical nutrition therapy 
(MNT) related to CKD
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While incorporation of technology into medical practice offers many benefits, it does come with 
limitations, especially for those with limited access to and literacy for technology including comput-
ers and smartphones. Therefore, clinicians need to evaluate each patient individually for their needs 
and face-to-face communication and education remains vital [2].

 Conclusions

CKD is a complex chronic disease that begins as damage to kidney structure and function but with pro-
gression affects all the organ systems of the body and numerous aspects of a patient’s life. Just as the 
scope of this disease is broad so is the management that requires constant input from a multidisciplinary 
health-care team as well as significant support of patients’ family and friends. The multidisciplinary care 
could also be cost-effective [28]. Prompt recognition of CKD by primary care physicians is essential to 
institute early dietary and lifestyle interventions, and referral to nephrologists as kidney function 
declines. Health-care teams must recognize the individual needs of each patient and tailor therapy 
according to patients’ educational, cultural, and socioeconomic background. There are various aspects 
to the treatment of patients with CKD and interventions should be introduced in a stepwise fashion, to 
avoid overwhelming the patient. Due to the chronic, unrelenting nature of the disease and tough lifestyle 
modifications, some noncompliance from the patients should be expected, and the health-care team 
should not get frustrated in their efforts to counsel the patient and express compassion. With an integra-
tive approach to CKD, we can successfully attempt to slow down the progression of disease and buy our 
patients precious years off renal replacement therapy and when its time, transition them to renal replace-
ment therapy in an optimal manner, so they can continue to stay active members of their family and 
productive members of the society.
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Key Points
• Professional healthcare education typically does little to address nutrition and physical activ-

ity and mindfulness, which usually form a very small part of medical school curricula.
• The evidence for these lifestyle interventions is reviewed in detail with practical tips for the 

busy clinician.
• Four dietary approaches that are emphasized include the Mediterranean, DASH, and plant- 

based diets as well as the low-AGE diet.
• Physical activity with practical interventions for walking and resistance training and its rela-

tionship to cardiovascular outcomes are reviewed.
• Adequate sleep as part of a complete healthy lifestyle is emphasized.
• The importance of mindfulness, spirituality, and yoga as effective therapies for the receptive 

patient is developed by several authors.
• Particularly for people with established chronic medical conditions, lifestyle modification is 

an important adjunctive therapy for cardiovascular disease, chronic kidney disease, diabetes, 
and other chronic ailments.
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 Introduction

The editors’ experience as nephrologists with several decades in clinical care has culminated in great 
respect for the importance of nutritional interventions as well as an appreciation for the frustration of 
our patients in navigating the forbidden approach to food choices. Perhaps this is best expressed by 
experts as the “is there anything left to eat” dilemma [8]. Although this experience mostly applies to 
individuals with chronic kidney disease, the approach to healthy nutrition concepts can also be applied 
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to patients with other medical conditions and to the general population. This book incorporates the 
complete spectrum of healthy lifestyle, which also considers physical activity or fitness and mindful-
ness, based on the available evidence. The book supports healthcare professionals with a holistic 
approach to medicine recommending a lifestyle that should prevent the development of and/or slow 
chronic disease progression, independently of or synergistically with medications. Drug therapy is the 
emphasis of traditional medical education. Although medications are not specifically discussed, life-
style therapies can be considered as adjunctive to drug therapy. For example, high sodium intake blunts 
the effectiveness of diuretics, angiotensin-converting enzyme inhibitors, and angiotensin receptor 
blockers in the treatment of hypertension, and therefore decreased sodium intake will improve the 
effectiveness of these medications [1]. The scope of the book is intended to apply to adults in the medi-
cal outpatient setting or even to healthy subjects who are motivated to remain this way throughout life.

 Nutrition

Part I of the book describes several comprehensive nutritional interventions. Instead of focusing on a 
magical beneficial food or a deleterious unhealthy one as is often the case in the media or advertise-
ments, an approach that incorporates the patient’s lifestyle to consider healthy dietary patterns is more 
likely to be impactful. Unfortunately, processed products are the most widely available, inexpensive, 
and often most convenient food choices [3]. Moreover, surveys of primary care clinicians and cardi-
ologists show that 90% or more believe their role includes providing patients with nutritional informa-
tion in the context of the majority reporting minimal or absent nutritional education during training 
[4, 5]. The three major dietary patterns that share low-processed food content with demonstrated 
significant health benefits in trials are the dietary approaches to stop hypertension (DASH) diet, the 
Mediterranean diet, and the plant-based diet. These are not really “diets” in the sense of the lay per-
ception of an extreme usually short-term approach to weight loss, but a long-term approach to health 
or even a way of living. The best way to individualize the use of one of these healthy eating patterns 
or modified patterns is with an interdisciplinary approach that may include a registered dietitian to 
incorporate the patient’s personal preferences, financial constraints, and comorbidities and complica-
tions, such as hyperkalemia or heart failure.

Chapter 1 on the DASH diet reviews the literature that demonstrates this pattern of eating is effica-
cious in lowering blood pressure, improving lipid parameters, achieving weight control, and reducing 
risk of chronic diseases. The DASH diet composition is similar to the Mediterranean diet, except that 
lean dairy products are the major source of fat. Clinicians can play a critical role in promoting DASH 
use, since adherence to the DASH pattern remains low throughout the USA across demographics. The 
authors offer practical tools and useful tips for clinicians to implement the DASH eating pattern with 
their patients.

The comprehensive review of the Mediterranean diet in Chap. 2 includes the Mediterranean diet 
pyramid, which is particularly useful to understand with olive oil as the main source of fat using tra-
ditional foods from wide variety of fresh and local and season products prepared with traditional reci-
pes. The medical literature is described supporting the Mediterranean diet’s cardioprotective properties 
and beneficial effects on the incidence and control of the clinical features of metabolic syndrome, 
obesity, diabetes mellitus, neurodegenerative diseases, and aging. The Prevención con Dieta 
Mediterránea (PREDIMED), a multicenter interventional randomized controlled study involving 
7447 subjects, clearly demonstrated that participants that followed the Mediterranean diet had lower 
incidence of major cardiovascular events versus those following the control diet [6]. Recently this 
study received a great deal of attention, requiring reanalysis and republication that confirmed the find-
ings [7]. Personal preference is an important consideration to determine if implementation of this diet 
fits the lifestyle of an individual patient.
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Chapter 3 on plant-based diet discusses the substantial evidence from multiple observational stud-
ies and clinical trials supporting the beneficial effects of plant-based dietary patterns for reduction of 
cardiovascular risk mediated at least in part by reducing hypertension and type 2 diabetes and improv-
ing overall health. The myth that plant-based diets are tantamount to inadequate protein intake is 
addressed with careful planning and nutritional education. Thus, plant-based nutrition, which is not 
necessarily purely vegetarian or vegan, should be recommended as part of an overall cardiovascular 
prevention or management care plan in the motivated patient.

Chapter 4 on low-AGE diet presents data on reduction of oxidative stress and inflammation bio-
markers in several populations. Large-scale clinical trials must be performed to replicate these pre-
liminary results using hard outcomes, in addition to biomarkers, to substantiate the benefit of this 
approach. An attractive aspect of the low-AGE diet is the emphasis on slow cooking of foods with 
indirect heat to minimize browning and avoid charring. Therefore, this diet can be easily incorporated 
to the other eating patterns, including the Mediterranean, DASH, and plant-based diets.

Intermittent fasting, defined as eating only for 8–10 hours daily, has received significant attention 
recently and can also be incorporated into other healthy patterns. The editors chose not to include 
intermittent fasting as a chapter, while the evidence for efficacy is still being investigated.

Chapter 5 on healthy drinks emphasizes the importance of incorporating beverage choices, which 
are hidden calories that account for approximately 20% of calorie intake and almost half of the added 
sugar according to the average contemporary American intake. The substitution of plain water, either 
tap or bottled, for sugar-sweetened beverages is a simple and inexpensive intervention. Artificially 
sweetened beverages are probably less healthy than water but generally preferable to sugar-sweetened 
beverages.

Chapter 6 on beneficial herbs and spices reviews the available evidence to support the use of these 
as condiments and beverage enhancers. The most robust evidence from trials of short duration is for 
the herb green tea and the turmeric spice. A plan for necessary additional investigation and engage-
ment of regulatory agencies in the evaluation of the benefits and risks for herbs and spices is 
outlined.

The last chapter in this part, Chap. 7, on integrating healthy eating and drinking into daily life 
emphasizes the role of the registered dietitian and the use of resources and tools for healthy eating 
such as the 2015–2020 Dietary Guidelines for Americans. Strategies for healthy eating are offered 
including volumetrics, mindful eating, and intuitive eating. Of interest, the chapter also describes how 
to use the Internet and social media to find reliable information and tools for implementing healthy 
dietary patterns.

 Fitness

“Sitting is the new smoking.” This aphorism attributed to public health professionals demonstrates the 
under-recognized hazards of a sedentary lifestyle are as concerning as tobacco use [2]. Accordingly, 
the Part II of the book deals with physical activity and yoga. A growing body of observational data and 
more recently randomized trials support the importance of physical activity for chronic disease pre-
vention and management. The sedentary lifestyle is a risk factor for cardiometabolic morbidity and 
all-cause mortality, even when controlling for confounders [2].

Chapter 8 on aerobic physical activity focuses on walking and bicycling as the most practical 
among many forms of aerobic exercise. Evidence is reviewed that practicing regular moderate- 
intensity aerobic physical activities decreases the risk of many of common chronic diseases and sys-
tematic aerobic exercise training can be incorporated into the treatment and rehabilitation of those 
conditions. Walking, as the most basic form of aerobic activity, is acceptable and safe for the largest 
population of adults who can participate in many variations. Walking is particularly attractive for 
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those who resist or are unable to participate in other forms of aerobic activity. Cycling is the second 
most useful form of aerobic exercise to recommend to patients, particularly as a mode of transport 
with health and fitness benefits similar to those of walking. Unfortunately, safe and convenient cycling 
requires skills, adequate function of many senses, knowledge of traffic rules, and suitable environ-
mental infrastructure. Practical tools for the healthcare professional to promote walking and cycling 
participation during a brief clinical encounter are outlined.

Chapter 9 on resistance activities, which include weight machines, free weights, and resistance 
tubing or bands and body weight activities, provides a stimulus to the neuromuscular system that is 
essential for neuromuscular health, healthy aging, and independence. Resistance activities are an 
effective treatment for enhancing neuromuscular capacity and physical function with aging to prevent 
muscle wasting associated with aging. Evidence is reviewed supporting participation in resistance 
activities for individuals living with chronic conditions such as diabetes, cardiovascular diseases 
(CVD), and chronic kidney disease (CKD).

Chapter 10 on yoga integrates a wide range of strategies, categorized into lifestyle and values- 
related commitments, physical practices, breathing practices, and interior practices. Yoga is suitable 
for individuals of all body shapes, physical abilities, ages, emotional states, cognitive capacities, and 
demographics. Once a practice has been established with a qualified teacher, yoga can be engaged in 
by nearly all patients at relatively low cost. Yoga is a powerful wellness practice and an effective 
intervention or adjunctive treatment for physical challenges (e.g., musculoskeletal conditions, chronic 
illness, metabolic disease, and cancer) and mental or emotional symptoms (e.g., depression, anxiety, 
stress, anger, attention deficits, trauma histories). Suggestions to build a referral network of yoga 
teachers and therapists will allow clinicians to guide patients to yoga resources that can have a signifi-
cant effect on their well-being, symptom tolerance, and course of treatment.

 Mindfulness

Part III on mindfulness reviews concepts and techniques supported by a growing body of evidence for 
beneficial implementation for the receptive patient. Modern living fills minds with information from 
the constant chatter of cell phones and other electronic devices that may make mindfulness challeng-
ing to practice but perhaps even more important to consider. Mindfulness is not a practice for every-
one. Mindfulness is not appropriate in certain circumstances and may carry risks for patients with 
psychosis or major depression. The practice also requires willingness to participate.

Chapter 11 on the health benefits of meditation reviews the evidence to support the intervention for 
promoting or maintaining physical and mental health, cognition, and wellness. Most of the evidence 
cited is based on systematic reviews and meta-analyses of randomized controlled trials with a few 
individual randomized trials included. Of importance, not all studies in this field are robust or well- 
designed, and most reviews still called for additional investigation. The author recommends that the 
clinicians have a personal mindfulness practice to help them understand the usefulness in offering 
implementation for their patients.

Chapter 12 on the health benefits of spirituality notes research on the physical and mental health 
benefits of religiousness and spirituality that have surged in the past few decades. Religion is described 
as having an affiliation with a denomination that has a structured set of beliefs with activities that are 
organized and reflect long-established traditions. Comparatively, spirituality is a broader concept, 
extending beyond religious experiences that are frequently associated with the search for connection 
with the sacred or transcendent. Most research published to date has focused primarily on assessing the 
impact of religiousness rather than spirituality, but considerable debate regarding the operationalization 
of these terms continues to persist. The chapter also addresses the challenges that arise from conflicts 
between the clinician’s own beliefs and the beliefs of the patient. In addition, there is variable apprecia-
tion by clinicians of the importance of cultural competency. While most of the research highlights posi-
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tive relationships between health and spirituality, some negative relationships have also been identified. 
A simple practical question that can be incorporated into a brief clinical encounter is offered. “Is there 
anything about your spiritual beliefs you want to share that might help us care for you?”

Chapter 13 is on resilience, a term widely used currently. Resilience is defined as the ability of a 
person to adapt or rebound quickly from change, illness, or bad fortune. There is evidence demon-
strating higher levels of resilience are associated with improved health outcomes in chronic disease 
and increase one’s ability to cope with certain medical diagnoses. Simple techniques to coach patients 
to enhance their levels of resilience include practicing gratitude, identifying one’s core values, deep-
ening relationships, and goal setting.

Chapter 14 on health benefits of sleep describes sleep as essential for survival and notes that 
adequate sleep duration is necessary for optimal daytime function. Unfortunately, societal demands 
and increasing rates of sleep disorders prevent individuals from obtaining enough sleep. Each of us 
has an optimal sleep duration that, if uninterrupted, can optimize daytime function. Living a healthy 
lifestyle, reducing stress, and adopting a bedtime routine are the best ways to achieve this goal. 
Despite attempts to manipulate sleep quality and quantity, either pharmacologically or behaviorally, 
sleep patterns are surprisingly challenging to modify. Even though people can become adept at con-
cealing the effects of compromised sleep on daily function, there are simple steps the clinician can 
take to identify whether an individual is obtaining adequate sleep quality and quantity. Understanding 
the myriad ways in which sleep can be compromised and learning how to identify the signs of poor 
or inadequate sleep will help clinicians formulate a plan to correct these issues. Tools for the assess-
ment of sleep that can play an important role in the detection of sleep apnea and other sleep disorders 
are suggested.

Chapter 15 entitled Integrating Mindfulness into a Routine Schedule: The Role of Mobile-Health 
Mindfulness Applications describes tools that are making mindfulness accessible to a wide audience. 
Mindfulness apps and face-to-face mindfulness courses by teachers with personal experience and 
expertise in mindfulness each have unique advantages and disadvantages. Randomized-controlled 
studies of mindfulness apps are scarce, but preliminary reports suggest positive effects in clinical and 
nonclinical populations and outcome domains.

 Integrative Approach in Different Populations

Part IV integrates the prior sections into an approach for the general population and populations with 
CVD and CKD. Chapter 16 deals with electronic health (eHealth), an important tool to leverage in 
chronic disease prevention across the lifespan. eHealth technologies transcend geographic boundaries 
to efficiently deliver programs and information to the general population about physical activity, nutri-
tion, and mindfulness, three critical and modifiable health behaviors to prevent chronic disease. Despite 
the generally low quality of commercial eHealth programs, patients continue to use them and report 
positive outcomes. Discouraging patients from using eHealth due to their inconsistent quality may 
negatively risk future disclosures and compromise the patient-practitioner dynamic. This chapter pro-
vides the current state of eHealth programs for physical activity, nutrition, and mindfulness. It high-
lights the need for clinicians to engage in proactive discussions with patients about eHealth. Clinicians 
must understand patients’ motivations and desires for eHealth programs and the process used to achieve 
their goals. Patients with a high degree of eHealth literacy are more aware of their health-related wants 
and needs from an eHealth program, and they know how to overcome adversity and negotiate with the 
technology, program, and other users to achieve that goal. Being aware of the current state of eHealth 
literacy and the factors that enhance this skillset across diverse audiences at risk for chronic disease is 
critical for culturally adapting and tailoring conversations to promote its prevention.

Chapter 17 addresses CVD, the major cause of morbidity and mortality in the developed world. Due 
to the economic impact of CVD, low-cost interventions are of particular interest. Physical activity is an 
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underutilized, but critical, component of primary and secondary prevention of CVD. Meditation and 
mindfulness may have a role in prevention of CVD, though there is inconclusive evidence at this time. 
Dietary patterns have been found to significantly influence cardiometabolic risk factors.

Chapter 18 on the integrative approach to CKD, a complex medical condition affecting millions of 
individuals across the globe with diabetes as the leading cause in the USA. CKD often impacts mul-
tiple organ systems of the affected individuals and various aspects of their personal and social life. 
Thus, only an integrated multidisciplinary approach can provide comprehensive and holistic care to 
address the complex needs of this patient population. The chapter emphasizes various nutritional 
requirements in patients with chronic kidney disease as well as recommendations for the intake of 
proteins and various electrolytes. The author describes the key roles played by the family, other social 
supports, dietitian, social worker, and nephrologist in selected cases. The importance of recognition 
and treatment of depression in this patient population along with addressing their exercise needs is 
also described in detail.

 Conclusion

In summary, this book is a journey in ideal, integrated, all-encompassing way of practicing medicine. 
Although development of newer medications has made a tremendous impact on patients’ survival, 
undoubtedly drugs are not enough to avoid or prevent the many chronic noninfectious diseases that 
have reached epidemic proportions in the Western world. The role of the right nutrition and physical 
exercise has become increasingly apparent in recent decades, and although we lack interventional tri-
als, the associations between these two parameters and overall better outcomes are becoming undeni-
able. More difficult to integrate and study are the less quantifiable aspects of human behavior such as 
mindfulness and spirituality; nonetheless, experience shows a substantial association between these 
practices and good health maintenance. We are not against the pharmacological approach, but time 
has come to make sure we approach the patients comprehensively and include a serious practice of 
prescribing eating patterns, exercise, right sleep, and mindfulness. We believe the above approach can 
also be followed by anyone, not necessarily overtly ill people. This book will help engage and moti-
vate clinicians incorporate practice lifestyle medicine into their hectic schedules as an adjunctive 
therapy to medications. In addition, healthcare professionals should consider modeling health living 
to serve as role models for their patients and society.
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