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Foreword

Lifestyle: Back to the Future Medicine

Of all the haloed names tethered to the lore of medical practice—Maimonides, Osler, Har-
rison, Cushing—none looms so large as Hippocrates. We invoke his name when we first don 
the white coat and cross over into the rarefied privileges and responsibilities of patient care. 
Hippocrates’ admonition on the topic of lifestyle is so often repeated as to be all but trite: “Let 
food be thy medicine, and medicine be thy food.” We may perhaps presume that “food” was 
really a stand-in for lifestyle practices in general.

Lifestyle, then, was once salient to the practice of medicine. Here, on these carefully col-
lated pages, we have the argument that it must be comparably so in the future.

The case is strong. A steady drumbeat of modern publications has attributed roughly 80 % 
of all premature deaths and chronic diseases, in modern societies, to modifiable lifestyle prac-
tices. A reciprocal cadence of studies reveals the converse; when lifestyle practices are opti-
mized, as much as 80 % of chronic diseases and premature deaths indeed disappear. Perhaps 
even more compelling still, where salutary lifestyle practices prevail as the cultural norm, 
namely in the Blue Zones, there are, routinely, more years in life, more life in years, and a 
peaceful exit at the gentle close of such bounty.

That, then, is the luminous promise of lifestyle as medicine. But more than that it makes 
the case for the important contribution of these chapters, so, too, do the ominous projections 
of a doomed status quo. Should current epidemiologic trends persist, some 40 % of Ameri-
cans could be diabetic by mid-century, with related and even more dire projections elsewhere 
around the globe. Leaving aside the ghastly human cost of this, it is untenable on economic 
grounds alone. Lifestyle is the remedy.

This text willfully emphasizes lifestyle in clinical context, but views the relevant land-
scape through a suitably large window. Lifestyle is, implicitly if not explicitly, an aggregated 
set of choices; but the choices any of us makes are subordinate to the choices any of us has. 
The authors here recognize that, considering social and environmental determinants of, and 
influences on, the lifestyle practices that are, in turn, major determinants of health across the 
lifespan.

The content here is far ranging, as required to encompass the many ramifications of the 
topic. The particular emphasis on clinical practice invites the requisite attention to customary 
tools of that trade: biometrics, clinical evaluation tools, standardized measures, and risk analy-
sis. An entire section of the book views the application of lifestyle medicine through the lens of 
disease specificity. Other chapters appropriately follow the implications of lifestyle medicine 
from clinic to community. Attention is given to cultural context, the built environment, policy 
and legislation, practice settings, and even the clearly important intangibles of this field, such 
as friendship and spirituality.

That the emphasis is on clinical practice is true to the declared mission, and thus only right. 
Readers are nonetheless well advised to consider that where lifestyle medicine is doing the 
most good for most members of a population, the delivery is far more a cultural than a clinical 
enterprise.



vi Foreword

In the modern cultures shared by this book’s authors, and presumably most readers, much of 
what accounts for them being “modern” conspires against health. Throughout most of human 
history, calories were relatively scarce and hard to come by, and physical activity was called 
survival and was unavoidable. We have devised new worlds where physical activity is scarce 
and hard to come by, and hyperpalatable calories, engineered to be irresistible, are unavoid-
able. Hectic schedules conspire against motion, propagate stress, and sabotage sleep. Social 
insularity, career-related itineracy, and the dissolution of the extended family erode the defense 
of social connections. Increasing preoccupation with glowing screens, perhaps at the expense 
of time-honored human connections as fundamental as eye contact, threatens our ambient 
empathy. The perils of toxic and addictive substances tempt as salves against the barrage of 
such assaults to which we are newly exposed and poorly adapted.

One would hope, then, that the needed transformation will begin in the clinics but not end 
there. The clinicians reading this book have the opportunity to ply the potent wares of life-
style medicine more effectively on behalf of one patient at a time. That is progress. But in the 
aggregate, we clinicians have the potential to be the cutting edge of more expansive change at 
the level of culture. How much better, for instance, to counsel proficiently for good nutrition 
and daily activity, and send our patients out into an environment that facilitates these practices, 
rather than conspiring against them. This, too, is part of our mandate and implicit to the invita-
tion of these pages.

This diversity of authorities looks at lifestyle medicine from both within and without. By 
so doing they offer the advantages of a sermon that is not of, by, and for the choir, but tailored 
to a large and comparably diverse congregation of clinicians. Lifestyle as medicine is not new, 
but many of the voices rallying to its support here are. The proposition is not new, but new data 
and new studies, populating these pages, validate its promise anew.

Lifestyle, once, figured among the salient imperatives of medical practice. It now figures 
again among the best, if not only, good options at the confluence of patient care, public health, 
human potential, environmental sustainability, and economic viability. Lifestyle is the best 
medicine we know for most of the people most of the time, and requires that we look ahead, 
and back, to the future. With expertise, authority, insight, and hybrid vigor, the authors here do 
just that and light the way forward.

-fin

President, American College of Lifestyle Medicine David L. Katz
Drafted: July 14, 2015 MD, MPH, FACPM, FACP
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Preface

Lifestyle—the manner in which people live—is fundamental to health, wellness, and preven-
tion of disease. It follows that attention to lifestyle is critically important to effective and suc-
cessful health care. But here is the challenge: Health-care professionals receive very little, if 
any, formal training about lifestyle counseling and, therefore, are ill equipped to incorporate 
lifestyle issues into clinical practice.

In response, “lifestyle medicine” is evolving as a means to fill this knowledge gap. Strictly 
speaking, lifestyle medicine approaches health and wellness by harnessing the power of life-
style-related behaviors and influencing the environment we live in. In more colloquial terms, 
lifestyle medicine addresses how we should live in order to be healthy. This is more than a 
trite semantic, more than just conjoining two words lifestyle and medicine to create yet another 
discipline to learn in an already overburdened system of health care. Rather, it is a formal 
approach that promises to enhance and strengthen a reinvigorated health-care system that is 
still outpaced by the epidemic proportions and complexity of chronic disease: obesity, diabe-
tes, depression, hypertension, and cancer, among others.

Lifestyle Medicine—A Manual for Clinical Practice presents this formal approach in a prag-
matic context. This is a manual that provides clear and succinct text on nearly all aspects 
of lifestyle medicine. The approach is both explanatory and pragmatic, providing case stud-
ies and bulleted translation of academic information into clinical practice recommendations. 
There is an emphasis on scientific evidence wherever possible as well as expert opinion by 
those who practice lifestyle medicine. There is a “how to” rationality to the book, consistent 
with a premise that any and all health-care professionals should, and perhaps must, incorporate 
lifestyle medicine. We include a checklist at the end of the book that summarizes key points 
and provides a practical tool for routine patient encounters.

The book begins with a set of introductory chapters that detail the why’s, what’s, and where-
fore’s of lifestyle medicine in current clinical practice. Next, a portfolio of paradigms, tools, 
models, and programs that are critical to this formal approach are provided. These chapters 
begin with generalized discussions but then migrate into specific descriptions on healthy 
eating, physical activity, sleep hygiene, behavior, smoking cessation, managing substance 
abuse, and alcohol moderation. To complete these discussions, chapters are included on inte-
grative medicine, transculturalization for adapting recommendations to different regions and 
ethnicities, and the need for community engagement. Finally, specific disease states are pre-
sented within a lifestyle medicine context to provide clear explanations and examples of how 
to implement lifestyle medicine, including cardiometabolic risk reduction (obesity, diabetes, 
hypertension, and dyslipidemia), cancer, depression, musculoskeletal disorders, neurodegen-
erative conditions, chronic kidney disease, liver disease, gastrointestinal disorders, chronic 
pulmonary disease, and AIDS. We suggest that the reader not only spend time on each chapter 
in succession but also prepare to refer to relevant chapters when needed for specific patient 
management issues.

Will this book enhance and improve your clinical practice? Yes, we believe it will, by better 
understanding key principles and implementing the proposed formal approach.

What can be expected as a result of this enriched clinical practice? With widespread imple-
mentation of lifestyle medicine, we anticipate better clinical outcomes in chronic disease pro-
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cesses, introduction and facilitation of lifestyle education and training, more lifestyle-centered 
research with practical metrics and findings, and an overall improvement in the epidemiology 
of chronic diseases across local, national, and perhaps even global scales. We hope you share 
our vision for the future of medicine and need to optimize health care by actualizing principles 
of lifestyle medicine, for your own personal benefit, for the benefit of your patients, and for the 
aggregate benefit of a society in need.

 Jeffrey I. Mechanick, MD
 Robert F. Kushner, MD
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QALY Quality-adjusted life year

Introduction

Medicine has witnessed exponential growth and successes 
over a long history spanning millennia. Throughout this time, 
physicians and other health-care professionals have accepted 
a primarily reductionist philosophy. As more information has 
been discovered, learned, and then categorized, medical spe-
cialization became an expedient solution to the challenges of 
effective clinical practice, research, and education. Moreover, 
as pathophysiological states have been interpreted as com-
plex, the emergent nature of disease management prompted 
newer humanistic patient care models. This evolution in 
medical care will be explored in the context of lifestyle.

The question “Why Lifestyle Medicine?” will be ad-
dressed by focusing on two key components: chronic disease 
and risk reduction. This chapter intends to provide not only 
sufficient rationale for the existence of lifestyle medicine but 

an imperative for the routine practice and teaching of lifestyle 
medicine throughout medical and allied health education.

The Problem: Chronic Disease

Lifestyle medicine can be broadly defined as the non-phar-
macological and nonsurgical management of chronic dis-
ease. Chronic disease is a pathophysiological state lasting 
beyond an acute insult and initial physiological response, 
consisting of adaptive and maladaptive processes, and evolv-
ing toward a steady state, which may never be achieved. In 
general, chronic disease states are those lasting for more 
than 3 months (though this metric is not uniformly accepted; 
[12, 13]), often lasting a lifetime, and since they involve 
multiple interacting factors (hormones, neurons, organs, 
drugs, behaviors, psychosocial factors, etc.), they are often 
described as complex.

Historically, chronic disease was viewed as merely the 
prolongation of signs and symptoms related to an underly-
ing, discrete disease process that oftentimes, but not exclu-
sively, presents acutely. Thus, the management strategy, in 
this traditional framework, was to continue treatment di-
rected to the dominant signs and symptoms, as well as the 
underlying known pathophysiological state. Over time, and 
concurrent with technological advances in pharmacotherapy 
(including molecular-targeted therapy) and device manufac-
turing (including surgery and other noninvasive interven-
tions), the management of chronic disease became focused 
on interventions and complication management.

What changed? There are three principal drivers for a new 
chronic disease model:

• Awareness of epidemiological dimensions that expose 
flaws in our current biomedical paradigm

• Creation of global and domestic messaging and cam-
paigns about the significance of chronic disease, in terms 
of mortality, morbidity, and economic cost
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• Synthesis of a systems-based understanding of disease 
complexity and the need for new management strategies

Once this nature of chronic disease is reenvisioned, a call for 
action can be fashioned. This mandate may take the form of 
a modified medical model that clarifies the roles for lifestyle 
medicine while also recognizing shortcomings and direc-
tions for improvement.

Driver 1: Epidemiologic Dimensions

Chronic diseases afflict about half of all Americans (in 
2012), account for 84 % of health-care spending (in 2006), 
and in general can be prevented [14]. The Centers for Dis-
ease Control and Prevention (CDC) regularly updates and 
publishes epidemiological data and statistics for chronic 
diseases on their Healthy People 2020 website and in their 
Morbidity and Mortality Weekly Report (MMWR; [15]. 
Prevalence rates for selected chronic diseases among adults 
were extracted from these and other sources and are provid-
ed in Table 1.1. Pediatric prevalence rates are not depicted, 
but, particularly in the case of obesity, the prevalence rate of 
children with features of metabolic syndrome is alarming. 
However, early evidence demonstrating effectiveness of pre-
ventive programs among this population is encouraging [16, 
17]. The increasing prevalence rates and socioeconomic im-
pact of prediabetes are also concerning and bring into focus 
the role of prevention [18–21]. Due to multiple ill-defined 
factors, dynamic modeling of the US obesity epidemic in-
dicates that prevalence rates are stabilizing, although con-
founded by racial disparities and still burdened by increased 
costs [22–24].

Cardiometabolic risk factors account for many of the 
high-prevalence-rate statistics in Table 1.1. Each of these 

chronic disease states poses great threats to individual and 
population-based health. These numbers likely underesti-
mate the prevalence of total chronic disease since one spe-
cific disease may increase the risk for other chronic diseases. 
For instance, in a study by Tarleton et al. [25], adult can-
cer survivors in California from 2009 to 2010 had a greater 
chance of having obesity, or having a diagnosis of asthma 
or arthritis. Chronic disease prevalence rates have, for the 
most part, increased over time and have not been sufficiently 
impacted by the current high-technology and high-cost care 
models in the USA. There are several implications of this 
statement: (a) chronic disease prevalence rates may in fact be 
increasing due to unknown and/or changing drivers, (b) cur-
rent intervention strategies are appropriate but inadequately 
implemented, and/or (c) simply put, current knowledge and 
conceptualization of chronic disease processes are critical-
ly incomplete and therefore, in theory, can never bend the 
curve. In order to better understand this problem to effective-
ly synthesize an improved chronic disease care model, two 
metrics require discussion: the disability-adjusted life year 
(DALY) and the quality-adjusted life year (QALY).

The DALY unites mortality and morbidity into a repre-
sentation of healthy life lost due to disability and/or prema-
ture death. Simply put, DALY can be described:

• As a measure of disease burden,
• In terms of years of healthy life lost, and
• As equal to “years of life lost” plus “years lived with dis-

ability” [26].

An example of DALY is the effect of diet and exercise on 
disease burden in overweight/obese patients.

This metric can be modified to improve performance. For 
instance, DALY computations include both disability and 
social weighting; details may be found in Devleesschauwer 

Table 1.1  Summary of prevalence rates of selected chronic diseases in the USA
Chronic disease Year(s) Prevalence rate (%) Comments Ref.
Obesity/overweight 2010 68.2 Based on BMI ≥ 30 kg/m2 [1]
≥ 1 of 3 heart disease risk factors 2007–2008 49.7 Uncontrolled BP, LDL-C, smoking [2]
Hypertension 2007–2010 33.0 Higher in African-Americans [1]
Arthritis 2010–2012 22.7 Doctor diagnosed [3]
Hypercholesterolemia 2012 13.8 Total cholesterol ≥ 240 mg/dl [1]
Kidney disease 1999–2004 13.1 Stages 1–4 only [4]
Alzheimer’s disease 2014 12.0 Estimates, age ≥ 65 years [5]
Osteoporosis 2010 10.3 Adults ≥ 50 years old [6]
Diabetes 2012  9.3 Increased from 8.3 % in 2010 [7]
Depression 2006, 2008  9.1 4.1 % major depression [8]
Asthma 2012  8.9 Adults [9]
COPD 2012  6.4 Adults [9]
Cancer survivors 2012  4.4 13.7 million/312.8 million total US population [10]
HIV 2011  0.37 CDC estimates, age ≥ 13 years [11]

BMI body mass index, BP blood pressure, CDC Centers for Disease Control and Prevention, COPD chronic obstructive pulmonary disease, LDL-C 
low-density lipoprotein cholesterol
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et al. [27] and Larson [28]. In addition, computation meth-
odologies vary and are prone to error, especially with low-
quality data, which is why more transparency is needed in 
DALY studies [29, 30]. The DALY metric is more appropri-
ate than incidence rates or mortality figures since, in general, 
life expectancies are rising [31]. Based on the premise that 
each person is born with a certain number of life years spent 
in optimal health, one DALY would correspond to one lost 
year of healthy life. Moreover, the number of DALYs cor-
relates with overall public health impact and has been a prin-
cipal metric in global burden of disease (GBD) studies [27] 
and determination of health-based targets (HBTs; [32]). By 
extension, DALY and HBT can be used to prioritize disease 
severities, relativize positive and negative outcomes, and 
optimize public health interventions [28]. Collectively, the 
top chronic diseases in four GBD studies in 1990 [33], 2001 
[34], 2004 [35], and 2010 [36] are lower respiratory infec-
tions, diarrheal diseases, ischemic heart disease, unipolar de-
pression, and stroke [27]. In cancer patients from 184 coun-
tries in 12 world regions, the GBD correlates with degrees of 
human development and country resources [37].

The economic dimension of chronic disease management 
is important but somewhat elusive. On the one hand, nearly 
80 % of preventive options add to medical costs [38]. On 
the other hand, it is the downstream, anticipated cost sav-
ings, along with improved quality-of-life measures, longev-
ity, and drug adherence, as well as reduced doctor visits and 
adverse events, which prompt this medical investment [39]. 
Cost-benefit analyses are useful in the assessment of chronic 
disease prevention, as exemplified by the positive effects 
of the Expanded Food and Nutrition Education Program on 
prevention of diet-related chronic disease [40]. The QALY 
metric unites quality and quantity of life into a representa-
tion of healthy life years gained or lost by a specific medical 
intervention in the context of cost for each life year. Simply 
put, QALY can be described:

• As a measure of disease burden,
• In terms of economic impact of a specific medical inter-

vention on life years, and
• Where cost-utility analysis is based on the ratio of cost to 

QALY saved for an intervention [41].

An example of QALY is the monetary cost of lifestyle inter-
vention and primary prevention in patients with prediabetes.

The QALY metric imparts relevance of an intervention 
in a setting of limited resources, and similar to DALY, in-
corporates a weighting calculus to optimize performance. 
Economic burden of chronic disease can also be reflected by 
measures of annual medical expenditures or annual produc-
tivity losses [42]. Regarding the former, Medicare payments 
for all chronic conditions in 2005 amounted to US$2.5 tril-
lion with the following breakdown:

• Cardiovascular disease: US$442 billion in 2011,
• Diabetes: US$245 billion in 2012,
• Lung diseases: US$174 billion in 2010,
• Obesity: US$147 billion in 2008,
• Joint diseases: US$128 billion in 2003, and
• Alzheimer’s disease: US$183 billion in 2011 [43].

This problem is further highlighted by Parekh et al. [44] 
who point out that more than one third of Americans have 
multiple chronic conditions, prompting a more aggressive 
stance and multi-platform approach by the US Department 
of Health and Human Services. In short, epidemiological 
data indicate that chronic diseases are becoming more preva-
lent and complex, exceeding our current workforce numbers, 
and resistant to our current care models; therefore, action is 
needed.

Driver 2: Campaigns and Messaging

The dimensions of any solution to chronic diseases need 
to be scalable. That is, the new medical model will need to 
grow and address chronic care problems across geographies, 
socioeconomic classes, ethnicities, and genetic makeups. 
For instance, social determinants of poor health outcomes 
(e.g., disparities in access to health care [45]) and cost barri-
ers in low-income individuals [46] would need to enrich the 
current care model for better results at a population-based 
scale. Patient expectations for a new chronic disease model 
also contribute to the need for effective communication and 
messaging. Thus, a prerequisite to this approach is an effec-
tive social marketing messaging strategy or campaign that 
can disseminate valuable information and successfully mo-
tivate and inform patients, health professionals, and other 
stakeholders.

Campaigns on a global scale were boosted by “Disability-
adjusted life years (DALYs) for 291 diseases and injuries in 
21 regions, 1990–2010: a systematic analysis for the Global 
Burden of Disease Study 2010”, which investigated DALYs 
for 291 diseases and injuries in 21 regions [36]. The key find-
ing was that GBD was transitioning from communicable to 
noncommunicable diseases (NCDs; mental and behavioral 
disorders, musculoskeletal disorders, and diabetes) and from 
premature death to disability [36]. In 2012, 68 % of deaths 
worldwide were due to NCDs (up from 60 % in 2000; [47]). 
Thus, it is not surprising that the United Nations created 
the draft resolution “Political Declaration of the High-level 
Meeting of the General Assembly on the Prevention and 
Control of Non-communicable Diseases” (A/66/L.1; agenda 
item 117, 66th session, September 16, 2011) [48]. This was 
followed by the World Health Organization’s “2008–2013 
Action Plan for the Global Strategy for the Prevention and 
Control of Noncommunicable Diseases”; the four NCDs 
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were cardiovascular, diabetes, cancer, and chronic respira-
tory [49].

At the domestic level in the USA, tobacco smoking, 
poor diet, physical inactivity, and alcohol use top the list of 
leading causes of preventable deaths [50]. A recent analy-
sis of the problem of chronic disease in the USA, specifi-
cally addressing why obesity prevalence, related morbidity, 
and mortality rates are not responding as hoped to a wide 
range of interventions, identified health literacy, messaging, 
and ascribing “value” to a preventive care model as impor-
tant focal points [51]. In other words, people are not placing 
sufficient value on receiving preventive medicine care, are 
therefore not asking for or purchasing insurance policies (or 
the medical care itself), and as a result, not receiving neces-
sary lifestyle medicine services.

Driver 3: Synthesis That Addresses Chronic 
Disease Complexity

Process terms [52] often interfere with communication and 
comprehension, but here the concept of complexity and non-
linear thinking requires some discussion. Chronic diseases 
are complex due to multimorbidities, interactions with the 
external environment, effects on health perceptions and be-
haviors, and changes induced by various interventions [53]. 
There is also a defined level of uncertainty implicit to all 
complex systems, and in the case of chronic disease, this 
applies to both the biomedical and social spaces [54]. Tra-
ditional therapeutic strategies involve one intervention, one 
target, and an evidence base to support the action. This type 
of linear approach works very well when there is a clear 
dominant driver for the pathology, typically found in acute 
illness. However, in chronic disease states, where there are 
multiple drivers, many of which are networked without a 
clear dominant node, nonlinear approaches involving mul-
tiple interventions concurrently or in a special sequence may 
be optimal [55].

If chronic diseases are to be addressed in a manner that 
is associated with better outcomes, and this is now deemed 
to require complex event processing strategies, then a new 
mind-set is required. This new approach should capture not 
only disease-oriented and technologically obtained data but 
as many parts as possible pertaining to a patient’s life, their 
story, and their needs. It is this synthesis of the individual 
parts, recognition of the holistic partnerships among patho-
physiology, behavior, and environment, and detection of rel-
evant, emergent properties that now allow us to create a new 
chronic disease model to improve health care.

A key aspect of the emergent nature of chronic disease 
is the notion of residual risk. This is a quantification of the 
risk occurring after evidence-based interventions for specific 

risk-reduction indications [56]. In other words, even after 
taking into consideration all of the specific risk-reduction 
strategies (e.g., lipid lowering, blood pressure lowering, 
weight loss, et al.) for cardiovascular disease (CVD), there 
is still a residual risk for developing CVD due to unknown 
variables. The notion of residual risk stems primarily from 
the statin intervention studies in patients with cardiometabol-
ic risk factors where secondary predictors and classifiers are 
discovered. Residual risk has also been described in a variety 
of cancer models where there is relapse after optimal primary 
therapies, arguing for genomic signatures to guide molecular-
targeted therapies [57] or broader nutritional medicine ap-
proaches [58]. In depression, factors contributing to residual 
risk may be unhealthy eating patterns, other adverse lifestyle 
habits, and socioeconomics [59]. The concept of residual risk 
can be viewed as risk emanating from pathology that is still 
unrecognized (or under-recognized) relative to the known 
risks targeted by evidence-based guidelines and standards of 
care. (Of course, residual risk could also arise from flaws, 
shortcomings, and misinterpretations of evidence-based clin-
ical practice guidelines or the risk engine employed.) Indeed, 
residual risk is a marker of complexity and incompleteness of 
medical knowledge and know-how; here, it is a hallmark of 
chronic disease and target for lifestyle medicine.

Call for Action: A Chronic Disease Care Model

The use of models to describe health-care activities is predi-
cated on notions of “health,” “disease,” and their respective 
root causes. Chronic disease care models should be able to 
address the drivers and management goals of a chronic dis-
ease state in a safe, effective, and ethical manner within the 
societal constraints of cost factors, health-care policy, and a 
belief system of a target population. These models incorpo-
rate the aspects of clinical practice, research, and education. 
Moreover, recent advances in patient-centered care, behav-
ioral medicine, and socioeconomics in health care have af-
firmed the biopsychosocial model.

From a systems standpoint, the biopsychosocial model 
is robust, especially with changing cultures, and can repre-
sent chronic disease more comprehensively in the context 
of multiple biological and environmental drivers with their 
complex interactions. In many cases, this type of chronic dis-
ease model can facilitate wellness visits and community en-
gagement, promote interprofessional collaboration, include 
spirituality, and destigmatize illness [60–62].

Chronic disease management is distinctly challenging 
in the young and very elderly [63]. In Australia, an aging 
population, inadequate health-care workforce, and increased 
prevalence of chronic disease prompt collaborative chronic 
disease management, which has brought together the gen-
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eral practitioner and community pharmacist [64]. In Canada, 
efforts are under way to transition from embedded to dedi-
cated chronic disease self-management programming [65]. 
Patient engagement and health coaching enhance knowl-
edge, confidence, and concrete skills that are necessary in 
a comprehensive care model [66]. Other components of this 
model include genetic risk testing, medical specialties, nutri-
tional counseling, physical activity, occupational and phys-
iotherapy, behavioral therapy, and social support structures, 
including spirituality [67–70]. Prompt delivery, continuity 
of care, and easy access to health care are also necessary 
[71]. To facilitate these factors, traditional settings, such as 
the outpatient clinic, are supplemented by “telehealth” (the 
use of secure information and communication technologies), 
Accountable Care Organizations, and the Patient-Centered 
Medical Home [72].

From a research standpoint, high-quality prospective ran-
domized controlled trials are necessary, though other meth-
odologies remain valuable, such as surveillance studies to 
determine the social determinants for specific risk factors in 
specific populations [73]. These methodologies will need to 
be transparent about the details of the intervention. Clini-
cal end points are another challenge in the chronic disease 
model, and future research designs will need to focus on 
clinically relevant, patient-oriented evidence that matters 
(symptom scores and quality-of-life measures) in addition to 
disease-oriented evidence (hard outcomes, biochemical, and 
other surrogate markers; [74, 75]). Additionally, the transla-
tion of the results into clinical practice will require standard-
ization, diligent monitoring of performance, and agility to 
adapt to a variety of settings [75].

From an educational standpoint, chronic care models will 
need to be taught to health-care professionals, as well as 
patients (as part of a patient-centered approach) and other 
stakeholders in the social space. Teachers are not limited to 
physicians and should include all participants in the health 
professional team [76]. Programs are designed to be transfor-

mational and range from traditional professional school set-
tings to continuing educational curriculum, and to workplace 
events. Programs contain baseline content, on-the-job train-
ing, and interactive follow-up, utilizing direct interpersonal 
contact, interprofessional team teaching and group learning, 
community projects, and web-based materials [77, 78]. Any 
potential progress with implementing a chronic disease care 
model will depend on effective education and expansion of a 
well-trained health-care workforce [79].

Each of these model components contends with challeng-
es in prevention, diagnosis, and management. All in all, there 
are many shortcomings in the current approach to chronic 
care; therefore, a new approach is needed.

The Response: A Lifestyle Medicine Care Model

A lifestyle medicine care model finds its roots in the preven-
tive medicine care model of the 1960s. The promotion of life-
style change was among several initiatives in these early pre-
ventive care model versions, along with population screening, 
safety initiatives, and vaccinations [80]. However, despite the 
obvious virtues of these tactics, the existing health-care system 
was unable to effectively fund and implement them. Contem-
porary responses to this dilemma have concluded that a cul-
tural change is needed in order to reboot these initiatives [80].

There is a conspicuous paucity of peer-reviewed publi-
cations on chronic disease and lifestyle in the medical lit-
erature, but a cursory analysis of PubMed citations provides 
some insight into recent trends (Table 1.2). More specifically, 
there are only 1% of intervention papers on lifestyle (denom-
inator = “drugs” + “surgery” + “lifestyle” as keywords) and 
only 16% of articles on “disease” (as a keyword) also includ-
ing “chronic disease” (as a keyword). However, the growth 
rate of lifestyle medicine publications (225 % increase from 
1999–2004 to 2009–2014) is greater than the growth rates for 
publications on drugs (134 %) or surgery (152 %). Of note, 

Table 1.2  Emerging literature on “lifestyle medicine”a

Keyword Citations Growth (%)b

1999–2004 2004–2009 2009–2014 Total
Drug 624,461 783,070 838,969 4,467,766 134
% non-English 14
Surgery 451,497 579,030 686,508 3,496,431 152
% non-English 22
Disease 458,415 629,504 807,286 3,149,692 176
% non-English 16
Chronic disease  72,362 103,403 130,618 504,240 181
% non-English 20
Lifestyle  15,738  26,307  35,467 104,592 225
% non-English 11

a PubMed computerized literature search was performed on July 13, 2014. The ratio of total “chronic disease” citations divided by total “disease” 
citations = 16 %. The ratio of total “lifestyle” citations divided by total (“drug” + “surgery” + “lifestyle”) management citations = 1 %
b Growth (%) = (“2009–2014” citations divided by “1999–2004” citations) × 100
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the percentage of non-English articles on lifestyle (11 %) is 
relatively low compared with the other categories (14–20 %), 
suggesting a lag in recognizing lifestyle medicine on a global 
scale. This is a simple bird’s eye view of the problem and fur-
ther analyses would need to address individual components 
(practice, research, education, public health, and economics), 
scope (organ systems, disease states, functional status, and 
ethnicities), and scales (local, regional, national, and global) 
to yield the necessary information to advance this new field. 
Thus, as a response to recognizing chronic disease models 
as a significant advance, lifestyle medicine, although nascent 
right now, is gaining popularity and poised for concrete, evi-
dence-based imperatives for implementation.

The reasons to implement lifestyle medicine can be bro-
ken down into the following:

1. increased prevalence of chronic disease and synthesis of 
chronic disease models suitable for the current health-
care climate;

2. recognition of the importance of a preventive care par-
adigm to reverse trends and lower prevalence rates for 
chronic disease; this provides benefit in terms of quality 
of life, longevity, economics and productivity, and overall 
health of a society;

3. awareness of a specific role for wellness and health pro-
motion within the preventive care paradigm; this invest-
ment of health-care dollars translates in the aforemen-
tioned benefits;

4. addressing residual risk factors in complex pathologies, 
such as cancer and metabolic syndrome, using tools not 
generally learned in traditional medical training; and

5. addressing specific risk management problems, such as 
tobacco cessation, weight management, healthy eating, 
physical activity, and glycemic control, using tools, met-
rics, and methods not traditionally taught (Fig. 1.1).

Conclusions

In this chapter, the mandate for lifestyle medicine finds its 
roots in the high prevalence rates of chronic disease and the 
vast adverse downstream effects on quality of life, longevity, 
and societal burdens. As greater knowledge accrues regard-
ing the complexity of chronic disease and the roles for non-
pharmacological and nonsurgical interventions, especially 
within a preventive care paradigm, implementation strate-
gies need to be assembled into a coherent framework ame-
nable to our current health-care landscape. The challenges 
are formidable. The solution resides in creating a suitable 
infrastructure and philosophy that merges traditional aspects 
of medicine with nuanced individualized care.
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Fig. 1.1  Rationale for a lifestyle 
medicine model.Multiple drivers 
create a chronic pathophysiologi-
cal state. The current biomedi-
cal model addresses single risk 
factors with single pharmaceuti-
cal or surgical interventions. 
The chronic disease model is 
created based on epidemiologi-
cal data, messaging to patients 
and health-care professionals, 
and complexity. Residual risk is 
depicted by the closed dots with 
single interventional successes 
in risk reduction depicted by the 
two open dots. Lifestyle interven-
tions target residual risk factors 
to create a healthy physiological 
state, promote wellness, and 
prevent disease progression or 
new disease
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Introduction

The background and rationale for development of lifestyle 
medicine as a new model of care was reviewed in Chap. 1. 
In this chapter, we revisit the burden of noncommunicable 
diseases (NCD) in greater detail, the associated risk factors 
and contributing influences that heighten risk, the rarity of 
good health, and the difference between lifestyle medicine 
and other closely aligned specialty areas.

Rationale for Development of a New Discipline

Lifestyle medicine is a nascent discipline that has recently 
emerged as a systematized approach for management of 
chronic disease. The individual elements and skillsets that 
define lifestyle medicine are determined, in large part, by the 
primary contributors to NCD. Unhealthy lifestyle behaviors 
are among the leading risk factors for increased disability-
adjusted life years (DALYs) in the USA [1] and around the 
world [2]. DALYs have become an important metric to assess 
health outcome and are defined as the sum of years of life 
lost (YLLs) due to premature mortality and years lived with 
disabilities (YLDs). Globally, NCD account for about 63 % of 
all deaths. By 2030, it is estimated that NCD may account for 
52 million deaths worldwide [3]. One of the primary aims of 
the 2011 United Nations High-Level Meeting of the General 
Assembly on Non-communicable Diseases was “reducing 
the level of exposure of individuals and populations to the 
common modifiable risk factors for NCD, namely, tobacco 
use, unhealthy diet, physical inactivity, and the harmful use 
of alcohol, and their determinants, while at the same time 
strengthening the capacity of individuals and populations to 
make healthier choices and follow lifestyle patterns that fos-
ter good health” [4]. More recently, the World Health Organi-
zation (WHO) published the 2008–2013 Action Plan for the 
Global Strategy for the Prevention and Control of Noncom-
municable Diseases to prevent and control four NCD—car-

Abbreviations

AHA American Heart Association
ARIC Atherosclerosis Risk in Communities Study
BMI Body mass index
CVD Cardiovascular diseases
DALY Disability-adjusted life year
DASH Dietary Approaches to Stop Hypertension
DSE Diabetes support and education
EPIC European Prospective Investigation into 

Cancer and Nutrition
ILI Intensive lifestyle-based weight loss inter-

vention
NCD Noncommunicable diseases
NHANES National Health and Nutrition Examination 

Survey
NIH National Institutes of Health
OR Odd ratios
PURE Prospective Urban Rural Epidemiology
SCD Sudden cardiac death
T2D Type-2 diabetes
WOH World Health Organization
YLDs Years lived with disabilities
YLL Years of life lost
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diovascular diseases (CVD), diabetes, cancers, and chronic 
respiratory diseases and four shared risk factors—tobacco 
use, physical inactivity, unhealthy diets, and the harmful use 
of alcohol [5]. These diseases are preventable. It is estimated 
that up to 80 % of heart disease, stroke, and type-2 diabetes 
(T2D) and over a third of cancers could be prevented by 
eliminating these four shared risk factors. The four types of 
diseases and their risk factors are considered together in the 
WHO action plan in order to emphasize common causes and 
highlight potential synergies in prevention and control.

In the USA, the five leading causes of death in 2010 were 
diseases of the heart, cancer, chronic lower respiratory dis-
eases, cerebrovascular disease (stroke), and unintentional in-
juries [6]. Among persons aged  80 years, these five diseases 
represented 66 % of all deaths. Selected modifiable lifestyle 
risk factors for these diseases are displayed in Table 2.1. 
Other modifiable risk factors associated with these diseases 
include hypertension, hypercholesterolemia, and T2D (heart 
diseases); sun exposure, ionizing radiation, and hormones 

(cancer); and air pollutants, occupational exposure, and al-
lergens (lower respiratory disease).

The similarity of modifiable lifestyle risk factors for the 
five leading causes of death is striking. The strength of the 
evidence regarding the impact of daily habits on health out-
comes is further supported by comparing the leading clini-
cal guidelines on prevention and treatment of disease [7–11] 
(Table 2.2).

Individual lifestyle behaviors are among the five multiple 
determinants of health as defined by Healthy People 2020, 
the science-based, 10-year national objectives for improv-
ing the health of all Americans [12]. The other four determi-
nants are environment, social, health care, and genetics and 
biology. In reality, the occurrence or reduction of individual 
risk factors are closely aligned with the other major deter-
minants. For example, whether an individual consumes an 
unhealthy diet or is physically inactive will depend, in part, 
on social, demographic, environmental, economic, and geo-
graphical attributes of the neighborhood where the person 
lives and works [6].

Table 2.1  Individual risk factors contributing to the five leading causes of death in the USA, 2010. [6]
Heart disease Cancer Lower respiratory 

disease
Stroke Unintentional injuries

Tobacco ✓ ✓ ✓ ✓
Poor diet ✓ ✓ ✓
Physical inactivity ✓ ✓ ✓
Overweight ✓ ✓ ✓
Alcohol ✓ ✓ ✓

Table 2.2  Common themes in current dietary and lifestyle recommendations
USDA Dietary 
Guidelines (2010)

American Heart 
Association (AHA) 
(2006)

American Diabetes 
Association (2014)

American Cancer 
Society (2012)

AHA/ACC guide-
line on lifestyle 
management to 
reduce cardiovascu-
lar risk (2014)

Healthy body weight ✓ ✓ ✓ ✓ ✓
Engage in physical activity ✓ ✓ ✓ ✓ ✓
Increase fruits and vegetables ✓ ✓ ✓ ✓ ✓
Choose whole grains (high 
fiber foods)

✓ ✓ ✓ ✓ ✓

Limit salt ✓ ✓ ✓ ✓ ✓
Limit saturated fat, trans fat, 
and cholesterol

✓ ✓ ✓ ✓

Limit consumption of alcoholic 
beverages

✓ ✓ ✓ ✓

Minimize intake of added 
sugars

✓ ✓ ✓ ✓

Limit consumption of pro-
cessed meat and meat products

✓ ✓

Consume fish, especially oily 
fish

✓

Limit consumption of refined 
grains

✓

USDA US Department of Agriculture, ACC American College of Cardiology
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Impact of a Healthy Lifestyle on Chronic 
Disease

There is a strong body of evidence that practicing healthy 
lifestyle behaviors reduces the risk of chronic disease. In 
2009, the American College of Preventive Medicine pub-
lished a comprehensive review of the scientific evidence 
for lifestyle medicine both for the prevention and treatment 
of chronic disease [13]. Twenty-four chronic diseases were 
reviewed in this publication, highlighting the impact of a 
healthy lifestyle on improving the root causes of disease.

Recently, multiple systematic reviews and meta-analyses 
have been published that demonstrate the beneficial impact 
of lifestyle interventions in reducing T2D incidence in pa-
tients with impaired glucose tolerance [14, 15], management 
of T2D [16, 17], hypercholesterolemia [18], CVD [11], and 
the metabolic syndrome [19, 20]. In the National Institutes 
of Health (NIH)-AARP Diet and Health Study population-
based cohort study among 207,449 men and women, the 11-
year risk for incident T2D for men and women whose diet 
score, physical activity, smoking status, and alcohol use were 
all in the low-risk group had odd ratios (OR) for T2D of 0.61 
and 0.43, respectively, compared to the high-risk group [21]. 
T2D and obesity are among the two most significant NCDs 
that currently affect 366 and 500 million people worldwide, 
respectively [22, 23]. Often called “diabesity” because of 
their close association, one of the most effective targets for 
T2D treatment is management of excess body weight by diet 
and physical activity. The beneficial impact of weight loss on 
glycemic control and reduction of cardiovascular risk factors 
has been recently demonstrated in the Look AHEAD (Action 
for Health in Diabetes) trial. In this prospectively controlled, 
randomized study conducted at 16 US research centers, 5145 
overweight adults aged 45–76 years with T2D were random-
ized to either an intensive lifestyle-based weight loss inter-
vention (ILI) or a diabetes support and education (DSE) in-
tervention [24]. Although 4-year results showed statistically 
significant improvements in fitness, glycemic control, and 
cardiovascular risk factors [25, 26], the trial was discontin-
ued in September, 2012 after a median follow-up of 9.6 years 
on the basis of a futility analysis [27]. The probability of 
observing a significant positive result at the planned end of 
follow-up was estimated to be 1 %. Proposed explanations 
for the lack of significant difference in rates of cardiovascu-
lar events between the ILI and DSE groups include a 2.5 % 
difference in weight loss between groups at year 10, intensi-
fication of medical management of cardiovascular risk fac-
tors, and low event rate [28].

Over the past several years, there has been an increased 
interest in evaluating the benefit of adhering to “low-risk 
lifestyle” behaviors on the development of morbidity and 
mortality. Although the criteria for defining “low-risk life-
style” factors vary, these studies have shown that adherence 

to a healthy lifestyle is associated with improved health out-
comes. The following population studies are notable for their 
size and magnitude in demonstrating the potential impact of 
fostering lifestyle medicine as a new discipline.

In the European Prospective Investigation into Cancer 
and Nutrition (EPIC) study, 23,153 German participants 
aged 35–65 years were followed-up for a mean of 7.8 years. 
Adherence to four health behaviors (not smoking, exercising 
3.5 h per week, eating a healthy diet (high intake of fruits, 
vegetables, and whole-grain bread and low meat consump-
tion), and having a body mass index (BMI) of  30 kg/m2) at 
baseline was associated with 78 % lower risk of develop-
ing chronic disease (T2D 93 %, myocardial infarction 81 %, 
stroke 50 %, and cancer 36 %) than participants without the 
healthy factors [29].

In the Nurses’ Health Study, a prospective cohort study 
of 81,722 US women from 1984 to 2010, a low-risk lifestyle 
was defined as not smoking, BMI of less than 25 kg/m2, ex-
ercise duration of 30 min/day or longer, and top 40 % of the 
alternate Mediterranean diet score, which emphasizes high 
intake of vegetables, fruits, nuts, legumes, whole grains, and 
fish and moderate intake of alcohol. Compared with women 
with no low-risk factors, the multivariate relative risk of sud-
den cardiac death (SCD) decreased progressively for women 
with 1, 2, 3, and 4 low-risk factors to 0.54, 0.41, 0.33, and 
0.08, respectively. The proportion of SCD attributable to 
smoking, inactivity, overweight, and poor diet was 81 % [30].

The Atherosclerosis Risk in Communities Study (ARIC), 
a prospective epidemiological study of 15,792 men and 
women aged 44–64 years at enrollment, demonstrated that 
adopting a healthy lifestyle after age 45 results in substan-
tial benefits after only 4 years compared to people with less 
healthy lifestyles, reducing mortality and CVD risk by 40 
and 35 %, respectively [31].

To further explore the relationship between change in 
health behaviors, socioeconomic status, and mortality, Strin-
ghini et al. [32] followed a cohort of 10,308 civil servants 
from baseline examination (1985–1988) to phase 7 (2002–
2004) in the British Whitehall II study. After adjusting for 
sex and year of birth, those with the lowest socioeconomic 
position had 1.60 times higher risk of death from all causes 
than those with the highest socioeconomic position. Howev-
er, this association was attenuated by 72 % when four health 
behaviors (smoking, alcohol consumption, diet, and physical 
activity) were entered in the statistical model.

In a population-based, prospective cohort of 20,721 
Swedish men aged 45–79 years without history of chronic 
disease followed for 11 years, five low-risk behaviors (a 
healthy diet, moderate alcohol consumption, no smoking, 
being physically active, and having a healthy waist circum-
ference) were associated with 86 % lower risk of myocardial 
infarction events compared with the high-risk group with no 
low-risk factors [33].
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Another approach used to assess the burden of disease 
is to combine lifestyle and physiological risk factors. This 
has been extensively applied to CVD. In the INTERHEART 
study, a case–control study of acute myocardial infarction 
across 52 countries, 15,152 cases and 14,820 controls were 
enrolled between 1999 and 2003 to assess the effect of risk 
factors on development of coronary heart disease [34]. The 
study showed that over 90 % of the proportion of risk for 
an initial myocardial infarction is collectively attributable 
to nine measured and potentially modifiable risk factors: 
cigarette smoking, raised ApoB/Apo A1 ratio, hypertension, 
abdominal obesity, psychosocial factors, daily consumption 
of fruits and vegetables, regular alcohol consumption, and 
regular physical activity.

The concept of “cardiovascular health metrics” has also 
emerged as a method to assess cardiovascular risk and 
coined as “Life’s Simple 7” by the American Heart Associa-
tion (AHA) in their 2020 Strategic Impact Goals to target a 
20 % relative improvement in overall cardiovascular health 
in all Americans [35]. The AHA combines four health be-
haviors (smoking, diet, physical activity, and body weight) 
with three health factors (plasma glucose, cholesterol, and 
blood pressure) as their metrics and assesses adherence as 
poor, intermediate, or ideal by distinct definitions (Table 2.3) 
[36]. The AHA also recently published 11 comprehensive 
articles in a themed series entitled “Recent Advances in 
Preventive Cardiology and Lifestyle Medicine” that em-
phasize the multiple determinants of cardiovascular health 
[37]. Finally, Yang et al. [38] analyzed the associations be-
tween the number of ideal cardiovascular health metrics and 
mortality over a median follow-up of 14.5 years using data 
from the National Health and Nutrition Examination Survey 
(NHANES). Compared with individuals with 0 or 1 metric at 
ideal levels, those with six or more metrics at ideal levels had 
51, 76, and 70 % lower adjusted hazards for all-cause, CVD, 
and ischemic heart disease mortality, respectively.

The Rarity of Good Health

Despite the importance of following a healthy life, multiple 
population studies have shown that only a minority of indi-
viduals adhere to healthy lifestyle behaviors. In a compara-
tive analysis of middle-aged adults aged 40–74 years partici-
pating in the NHANES III 1988–1994 and 2001–2006 sur-
veys, the proportion of adults who adhered to all five healthy 
habits (≥ 5 fruits and vegetables/day, regular exercise  12 
times/month, maintaining a BMI between 18.5 and 29.9 kg/
m2, moderate alcohol consumption, and not smoking) de-
creased from 15 to 8 % [39]. Adherence to the ideal health 
metrics was also analyzed by Ford et al. [40] using data from 
NHANES 1999to 2002. Overall, about 1.5 % of participants 
met none of the seven ideal cardiovascular health metrics, 
and 1.1 % of participants met all seven metrics; most adults 
met two, three, or four ideal health metrics. Based on an 
analysis of the NHANES data, Huffman et al. [41] projects 
that the AHA goal of reducing CVD by 20 % by 2020 will 
not be reached.

Poor health behaviors are not confined to the USA. Akes-
son et al. [33] (discussed above) identified five low-risk be-
haviors (a healthy diet, moderate alcohol consumption, no 
smoking, being physically active, and having a healthy waist 
circumference) that were associated with a 86 % lower risk 
of myocardial infarction events compared with the high-risk 
group with no low-risk factors. Despite the impact of healthy 
living, only 1 % of the population comprised the low-risk 
group and followed all five healthy lifestyle practices.

In the Prospective Urban Rural Epidemiology (PURE) 
study, 153,996 adults, aged 35–70 years, from 17 low-, 
middle-, and high-income countries of the world were sur-
veyed for their health behaviors after a median of 5 years 
and 4 years after sustaining a coronary heart disease event or 
stroke, respectively [42]. Despite having known CVD, less 

Table 2.3  Definitions of poor, intermediate, and ideal cardiovascular health for each American Heart Association (AHA) metric for adults  20 
years of age
Goal/metric Poor health Intermediate health Ideal health
Current smoking Yes Former ≤ 12 months Never or quit > 12 months
Body mass index (kg/m2) ≥ 30 25–29.9  < 25
Physical activity None 1–149 min/week moderate intensity or 

1–74 min/week vigorous intensity or 
1–149 min/week moderate + vigorous

≥ 150 min/week moderate intensity 
or ≥ 75 min/week vigorous intensity 
or ≥ 150 min/week moderate + vigor-
ous intensity

Healthy Diet Scorea 0–1 components 2–3 components 4–5 components
Total cholesterol (mg/dl)  > 240 200–239, or treated to goal < 200
Blood pressure (mm Hg) SBP ≥ 140 or DBP ≥ 90 SBP 120–139 or DBP 80–89 or treated to goal  < 120/ < 80
Fasting plasma glucose (mg/dl) ≥ 126 100–125 or treated to goal  < 100

SBP systolic blood pressure, DBP diastolic blood pressure
a Healthy Diet Score is based on an overall dietary pattern that is consistent with a Dietary Approaches to Stop Hypertension (DASH)-type eating 
plan. Individual components are: fruits and vegetables: ≥ 4.5 cups per day; fish: ≥ two 3.5-oz servings per week; fiber-rich whole grains: ≥ three 
1-oz equivalent servings per day; sodium: < 1500 mg per day; sugar-sweetened beverages: ≤ 450 kcal (36 oz) per week; nuts, legumes, and seeds: 
≥ four servings per week; processed meats: none or ≤ two servings per week; saturated fat: < 7 % of total energy intake. Adapted from reference [36].
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than 1 in 20 individuals adhered to the three healthy lifestyle 
behaviors of avoiding cigarette smoking, undertaking regu-
lar physical activity, and eating a healthy diet. The investiga-
tors also noted that, overall, individuals from upper-middle-
income and low-income countries had a lower prevalence 
of three of the healthy lifestyle behaviors than those from 
high-income and lower-middle-income countries.

Defining Lifestyle Medicine

The literature reviewed in the chapter presents a strong argu-
ment for the benefits of healthy living and a need to increase 
the number of people engaging in those health behaviors. 
However, it is important to consider how a proposed new 
discipline of lifestyle medicine differs from other closely 
aligned fields in medicine, such as preventive medicine, in-
dividualized or personalized medicine, or integrative medi-
cine. Certainly, there is overlap in the targets of intervention 
but there are also important differences in philosophy and 
scope of practice. Preventive medicine focuses on the health 
of individuals, communities, and defined populations. Its 
goal is to protect, promote, and maintain health and well-
being and to prevent disease, disability, and death [43]. In-
dividualized or Personalized Medicine tries to tailor medical 
interventions in terms of stratifying care by genetic charac-
teristics [44]. A recently suggested definition was offered by 
Schleidgen et al. [45] as a discipline that “seeks to improve 
tailoring and timing of preventive and therapeutic measures 
by utilizing biological information and biomarkers on the 
level of molecular disease pathways, genetics, proteomics as 
well as metabolomics.”

Integrative medicine is closely aligned with lifestyle 
medicine in its core tenets. It has multiple definitions that 
describe a specialty that incorporates both conventional and 
alternative therapies. Rakel [46] defines it as “healing-ori-
ented medicine that takes account of the whole person (body, 
mind, and spirit), including all aspects of lifestyle. It empha-
sizes the therapeutic relationship and makes use of all appro-
priate therapies, both conventional and alternative.” Accord-
ing to Rees and Weil [47], “integrated medicine selectively 

incorporates elements of complementary and alternative 
medicine into comprehensive treatment plans alongside sol-
idly orthodox methods of diagnosis and treatment. It focuses 
on health and healing rather than disease and treatment.” The 
core competencies in integrated medicine for medical school 
curricula defines integrative medicine as “an approach to 
the practice of medicine that makes use of the best avail-
able evidence, taking into account the whole person (body, 
mind, and spirit), including all aspects of lifestyle” [48]. Fi-
nally, Snyderman and Weil [49] define integrative medicine 
as “preventive maintenance of health by paying attention to 
all relative components of lifestyle, including diet, exercise, 
and well-being.”

Similar to integrative medicine, several definitions of life-
style medicine have been proposed and are listed in Table 2.4 
[50–53]. Common elements in all of these definitions are the 
application of evidence-based lifestyle interventions that 
promote self-management for promotion of well-being, pre-
vention of illness, and management of chronic disease. To 
support this new initiative, the American Journal of Life-
style Medicine was launched in 2007 along with creation 
of a new academic medical society (the American College 
of Lifestyle Medicine, http://lifestylemedicine.org/) and an 
educational track in lifestyle medicine at the American Col-
lege of Preventive Medicine’s annual meeting. Societies 
promoting lifestyle medicine have also been formed in Eu-
rope (ESLM, https://eu-lifestylemedicine.org/) and Australia 
(ALMA, http://lifestylemedicine.com.au/). For the purposes 
of this book, we define lifestyle medicine as “the nonphar-
macological and nonsurgical prevention and/or management 
of chronic disease.”

Conclusion

There is a significant body of literature that demonstrates 
that adoption of low-risk lifestyle behaviors and ideal car-
diovascular health metrics are associated with reduced mor-
tality. However, there is also considerable evidence that 
healthy lifestyle behaviors are incorporated by a minority of 
the population. Lifestyle medicine presents a new and chal-

Table 2.4  Current definitions of lifestyle medicine
American College of Life-
style Medicine 2011 [50]

Lifestyle medicine is the therapeutic use of evidence-based lifestyle interventions to treat and prevent lifestyle 
related diseases in a clinical setting. It empowers individuals with the knowledge and life skills to make effec-
tive behavior changes that address the underlying causes of disease

Egger et al. 2012 [51] The application of environmental, behavioral, medical, and motivational principles to the management of 
lifestyle-related health problems (including self-care and self-management) in a clinical setting

Lianov and Johnson [52] Evidence-based practice of assisting individuals and families to adopt and sustain behaviors that can improve 
health and quality of life

Rippe 1999, 2014 [53] The integration of lifestyle practices into the modern practice of medicine both to lower the risk factors for 
chronic disease and/or, if disease already present, serve as an adjunct in its therapy. Lifestyle medicine brings 
together sound, scientific evidence in diverse health-related fields to assist the clinician in the process of not 
only treating disease, but also promoting good health
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lenging approach to address the prevention and treatment of 
NCD, the most important and prevalent causes for increased 
morbidity and mortality worldwide.
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Introduction

The practice of lifestyle medicine is dependent upon the pro-
vider’s ability to implement behavior change in his/her pa-
tients regardless of the target behavior, for example, smoking 
cessation, reduction in alcohol use, increasing consumption 
of fruits and vegetables, engagement in physical activity, or 
reducing body weight. Although personal responsibility is 
important, there are multiple reasons why patients may have 
difficulty adhering to medical recommendations. In the pre-
ceding chapter, the five determinants of health are reviewed, 
which are defined by Healthy People 2020 [1] as influencing 
health outcomes: individual behavior, environment, social, 
health care, and genetics and biology. The term “behavioral” 
refers to the underlying processes, such as cognition, emo-
tion, temperament, personality, and motivation. The term 
“social” encompasses sociocultural, socioeconomic, and 
sociodemographic status [2]. Attention to these and other 

contextualizing factors is important to further understand 
the barriers that patients face when implementing lifestyle 
changes. How we help patients change behavior represents 
a set of cognitive tools that are grounded in behavioral sci-
ence. This chapter provides a primer on the importance of 
communication as well as the most commonly used theories 
and approaches for behavior change. Examples of dialogues 
between the clinician and patient are included throughout the 
chapter to illustrate how the principles and theories of behav-
ior change are applied in clinical practice.

Contextualization of Care

Contextualization of care refers to those elements of a pa-
tient’s environment or behavior that are relevant to their care, 
including their economic situation, access to care, social sup-
port, and skills and abilities [3]. Recently, the Institute of 
Medicine (IOM) [4] published their recommendation for a 
candidate list of 17 domains that represent the social and 
behavioral determinants of health data that are best suited 
to capture in the electronic health record (Table 3.1). These 
factors are intended to offer useful information to health-care 
providers for the provision of more targeted patient care.

The social determinants of health, that is, the economic 
and social conditions that influence the health of people and 
communities, are particularly important in the practice of 
lifestyle medicine and present several considerations that 
must be incorporated when providing effective counseling. 
The first is health disparities, which encompass an appre-
ciation of the racial, ethnic, and cultural factors that impact 
treatment decision-making. Cultural competence refers to 
having the capacity to function effectively as a health-care 
provider within the context of the cultural beliefs, practices, 
and needs presented by patients and their communities [5]. 
In contrast, cultural humility implies having an attitude that 
acknowledges that a patient’s culture can only be appreci-
ated by learning from the patient. The second consideration 
is health literacy, which is often defined as a set of skills that 



18 R. F. Kushner and J. I. Mechanick

people need in order to function effectively in the health-care 
environment [6]. It represents the capacity of individuals to 
obtain, communicate, process, and understand health infor-
mation and services in order to make appropriate decisions 
[7]. The skills include the ability to read and understand 
text, interpret information, and speak and listen effectively. 
These skills are particularly important when we ask patients 
to track their diet, read food labels, incorporate behavioral 
advice, or take prescribed medication. Low health literacy 
is associated with poorer health outcomes and poorer use of 
health-care services [6].

The Patient–Physician Encounter

The cornerstone of effective treatment for lifestyle behavior 
change is grounded in skillful and empathetic provider–pa-
tient communication. This vital interaction is affirmed by 
Balint’s assertion [8] that “the most frequently used drug in 
medical practice is the doctor himself.” From the patient’s 
perspective, a caring provider is compassionate, supportive, 
trustworthy, open-minded, and nonjudgmental. He or she 
takes into account the patient’s needs, values, beliefs, goals, 
personality traits, and fears [8]. In a review of the literature, 
Stewart [9] found that the quality of communication between 
the physician and patient directly influenced patient health 
outcomes. Since the primary aim of lifestyle counseling is to 
influence what the patient does outside the office, the time 
spent in the office needs to be structured and effective.

Effective counseling begins with establishing rapport 
and soliciting the patient’s agenda. Attentively listening to 
the patient to understand his or her goals and expectations 
is the first essential step. Asking the patient, “How do you 
hope that I can help you?” is an information-gathering, open-
ended question that directly addresses his or her concerns. 
Among 28 identified elements of care that were inquired 
about with patients before the office visit, Kravitz [10] found 
that “discussion of own ideas about how to manage condi-

tion” was ranked as the highest pre-visit physician expec-
tation. This is not always done in the primary care office. 
In a survey of 264 patient–physician interviews, patients 
completed their statement of concern only 28 % of the time, 
being interrupted by the physician after an average duration 
of 23 s [11]. Physicians were found to redirect the patient 
and focus the clinical interviews before giving patients the 
opportunity to complete their statement of concern. Lifestyle 
interviewing and counseling should be patient centered, al-
lowing the patient to be an active participant in setting the 
agenda and having his or her concerns heard. This requires 
skillful management by the provider to structure the inter-
view within the time allocated.

Communication

The style of communication used by the provider refers to 
the approach taken when interacting with and counseling pa-
tients. Emanuel and Emanuel [12] describe four models of the 
physician–patient relationship: paternalistic—the physician 
acts as the patient’s guardian, articulating and implementing 
what is best for the patient; informative—the physician is a 
purveyor of technical expertise, providing the patient with 
the means to exerci se control; interpretive—the physician 
is a counselor, supplying relevant information and engaging 
the patient in a joint process of understanding; and delibera-
tive—the physician acts as a teacher or friend, engaging the 
patient in a dialogue on what course of action would be best. 
In practice, the style of communication may change from 
patient to patient and depend upon the provider’s personality.

Roter et al. [13] define four similar prototypes of doc-
tor–patient relationships using a “power” balance sheet. In 
this model, power relates to who sets the agenda, whether 
the patient’s values are expressed and considered, and what 
role the physician assumes. As illustrated in Table 3.2, high 
provider and high patient power (A) depicts a relationship 
of mutuality, balance, and shared decision-making (SDM). 

Table 3.1  Institute of Medicine candidate domains for inclusion in the electronic health record [4]
Individual factors
Sociodemographic Psychological Behavioral
Sexual orientation Health literacy Dietary patterns
Race/ethnicity Stress Physical activity
Country of origin/US born or non-US born Negative mood and affect: depression and anxiety Nicotine use and exposure
Education Psychological assets: conscientiousness, patient 

engagement/activation, optimism, and self-efficacy
Alcohol use

Financial resources strain: food or housing insecurity
Individual-level social relationships and living 
conditions

Neighborhoods/communities
Geocodable domains: socioeconomic and race/ethnic 
characteristics

Social connections and social isolation
Exposure to violence
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High provider and low patient power (B) is consistent with 
Emanuel’s paternalistic model where the provider sets the 
agenda and prescribes the treatment. In the low provider and 
high patient power relationship (C), the patient sets the agen-
da and takes sole responsibility for decision-making; Roter 
et al. [13] term relationship C as “consumerism.” Lastly, in a 
low provider and low patient power relationship (D), the role 
of the provider and patient is unclear and undefined. This is a 
dysfunctional relationship. According to Roter et al. [13], the 
optimal relationship is that of mutuality (relationship A) or 
what they call “relationship-centered medicine” or “patient 
centeredness.” In the course of providing lifestyle medical 
care, it is likely that more than one of these relationships 
is used among patients. Another important communication 
style that is related to patient satisfaction is caring. Verbal 
displays of caring include expressing empathy, statements of 
reassurance and support, positive reinforcement, and cour-
tesy [14].

Depending on the patient’s course of treatment and re-
sponse, various strategies and techniques are used during the 
visit. The interaction is directed toward keeping the patient 
motivated and providing a sense of control. This interaction 
boosts patient empowerment, which is often defined as a 
process by which people gain mastery over their lives [15]. 
A fundamental objective in lifestyle medicine is for patients 
to take increased responsibility for and a more active role 
in decision-making regarding their own health. According 
to Spreitzer [16], four key components of patient empow-
erment are: (a) meaningfulness (or relevance)—the change 
is worth investing energy in; (b) self-efficacy—the belief 
in one’s capabilities to achieve a desired result by one’s ac-
tions; (c) impact—the accomplishment of a task is perceived 
to make a difference in the scheme of things; and (d) self-
determination (or choice)—a decision that is characterized 
by self-initiation.

Regardless of whether an appropriate therapeutic and 
supportive relationship is established, many patients will not 

achieve their behavioral goals. In this case, it is extremely 
important not to label these patients as noncompliant. The 
word “compliance” suggests that a submissive patient 
should obey the authoritative providers’ instructions. “Non-
compliance” denotes failure or refusal to cooperate. This 
description is consistent with the paternalistic provider–pa-
tient relationship model discussed above. Some authors have 
suggested that the word “adherence” is a better alternative 
to compliance, emphasizing the patient’s role as an active 
decision-maker [17, 18]. Still others have abandoned both 
terms because they exaggerate the importance of the clini-
cian and do not aid in helping the patient overcome behav-
ioral obstacles [19]. Simply asking the patient what is hard 
about a particular behavioral change is more productive in 
problem-solving than giving them purposeless labels.

Structuring the Encounter: Using the Five As

The five As is an organizational construct for clinical coun-
seling that has been used for smoking cessation [20], alcohol 
dependence [21], and weight management [22], among other 
lifestyle behaviors. It provides a structured framework for 
the clinician when engaging a patient in behavior change. 
The five As are Ask, Advise, Assess, Assist, and Arrange. An 
example of how to apply the five As for weight management 
is shown in Table 3.3. An abbreviated version of the five As 
(Ask, Advise, and Refer) [23] can be utilized for the busy cli-
nician who does not have the time or resources to implement 
lifestyle medicine in the office. An example would be to ask 
about the importance and impact of stress in the patient’s 
life, advise the patient that stress reduction would help im-
prove the patient’s health, and refer the patient to a medita-
tion program in the community.

Shared Decision-Making

The concept of SDM is stipulated in the Affordable Care 
Act to ensure that medical care better aligns with patients’ 
preferences and values [24]. SDM describes a collaboration 
process between patients and their clinicians to reach agree-
ment about a health decision that may involve multiple treat-
ment options and targets or therapy [25, 26]. Clinicians and 
patients work together to clarify the patients’ values and con-
cerns, select a preference-sensitive decision, and agree on a 
follow-up plan. This process is consistent with the “agree” 
and “arrange” components of the five As model described 
above. Intrinsic to SDM is the use of patient decision aids, 
which are written materials, videos, or interactive electronic 
presentations designed to inform patients about care options 
[24]. An example of SDM using a patient decision aid is 
smoking cessation counseling. The pros and cons of gradual 
reduction in the number of cigarettes smoked versus abrupt 

PHYSICIAN POWER

PATIENT
POWER

HIGH

HIGH

LOW

LOW

Mutuality

(A)

Consumerism

(C)

Paternalism

(B)

Dysfunctional

(D)

Table 3.2  Provider–physician communication relationships [4]
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cessation can be discussed along with the options of which (if 
any) of the multiple pharmacotherapy treatments to choose.

Motivational Interviewing

How do clinicians assess motivation and facilitate lifestyle 
behavior change? Simply asking patients, “Are you moti-
vated to make a change?” is likely to yield mixed results 
ranging from “yes, no, or maybe,” which is difficult to inter-
pret. Motivational interviewing (MI) is a client-centered, di-
rective method for enhancing intrinsic motivation to change 
by exploring and resolving ambivalence [27]. It focuses on 
what the patient wants and how the patient thinks and feels. 
According to MI, motivation to change is viewed as some-
thing that is evoked in the patient rather than imposed. It is 
the patient’s task (not the clinician’s) to articulate and re-
solve his or her own ambivalence [28]. Readiness is viewed 

as the balance of two opposing forces: [1] motivation, or the 
patient’s desire to change and [2] resistance, or the patient’s 
resistance to change [29]. Readiness for change is seen as 
the extent to which the patient has contemplated the need 
for change, having considered the pros and cons of change.

Intrinsic to this model is the concept that most patients 
are ambivalent about changing long-standing lifestyle be-
haviors, fearing that change will be difficult, uncomfortable, 
or depriving. The result of initiating a change plan when 
the patient is not ready often leads to frustration and disap-
pointment. Patients frequently misattribute their lack of suc-
cess to a failure of effort (low willpower). Patients who are 
ready and have thought about the benefits and difficulties of 
changing a behavior are more likely to succeed. One helpful, 
simple, and rapid method to begin a readiness assessment is 
to “anchor” the patient’s interest and confidence to change 
on a numerical scale. Figure 3.1 displays an example of this 
technique for a patient with diabetes using a 10-point Lik-

Fig. 3.1  Using motivational interviewing (MI) to assess level of importance and confidence to change behavior

 

Table 3.3  Application of the five A’s to weight management
Five As Purpose Example dialogue
Ask Ask permission to discuss weight; take a weight, his-

tory, and assess impact on health
“Can we talk about your weight?”
“What approaches have you used in the past to control your weight?”

Advise Provide feedback and information about impact of 
excess weight and benefits of weight reduction

“The excess weight around your belly is very likely making your GERD 
symptoms worse.”
“As little as a 5–10 % weight loss will improve your diabetes”

Assess Measure body mass index and waist circumference 
and assess obesity-related comorbidities; assess readi-
ness for weight reduction

“How confident are you that you can tackle your weight at this time?”
“Can you see yourself getting at least 30 min of brisk walking on most 
days of the week?”

Assist Decide with patient where to begin making changes 
and which behaviors to focus on

“Tracking your diet using an electronic program will allow you to moni-
tor your diet and caloric intake”

Arrange Arrange for a follow-up appointment; make referrals 
to other resources

“I would like to schedule an appointment for you to see our dietitian.”
“A good option for you is to sign up for the Weight Watchers class at 
your worksite”

GERD gastroesophageal reflux disease
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ert scale. To assess readiness, simply ask the patient, “On a 
scale from 0 to 10, with 0 being not important and 10 being 
very important, how important is it for you get your diabetes 
under control at this time?” and “Also on a scale from 0 to 
10, with 0 being not confident and 10 being very confident, 
how confident are you that you get your diabetes under con-
trol at this time?” [30]. This is a very useful method to initi-
ate further discussion.

The following dialogue about weight management further 
demonstrates the use of this technique:

In this example, the clinician was able to quickly identify 
two targets of opportunity to deal with behavior change.

MI uses four general principles to explore and resolve 
ambivalence [27]:
• Express empathy. Empathy refers to understanding the 

patient’s feelings and perspectives without judging, criti-
cizing, or blaming.

• Develop discrepancy. The second principle is to create 
and amplify the discrepancy between present behavior 

and the patient’s broader goals and values. Discrepancy 
has to do with the importance of change and the distance 
that the patient’s behavior would need to travel in order 
to reach the desired level. This is called the “behavioral 
gap”. The general approach is one that results in the 
patient reflecting on the actions and reasons for change. 
The dialogue below illustrates this principle.

In this example, the clinician laid out the behavioral discrep-
ancy for the patient in clear terms. The patient was able to ar-
ticulate the problem and a solution. In this case, dinner rolls 
were a trigger to use butter.

• Support self-efficacy. Self-efficacy refers to a person’s 
belief in his or her ability to carry out and succeed with 
a specific task. Other common terms are hope and faith. 
A general goal of MI is to enhance the patient’s confi-
dence in her capacity to cope with obstacles and to suc-
ceed in change. The confidence scale used above quickly 
assesses the patient’s level of confidence for a particular 
behavioral change.

• Roll with resistance. Although reluctance to change is 
to be expected in lifestyle behaviors, resistance (denial, 
arguing, putting up objections, and/or yes-but statements) 
arises from the interpersonal interaction between the clini-
cian and patient. In this case, the therapeutic relationship 
is endangered and the counseling process becomes dys-
functional. It is a signal that the patient–clinician rapport 
is damaged. If this occurs, the clinician’s task is to double 
back, understand the reason for resistance behavior, and 
redirect counseling. Rolling with resistance means not 
to confront the patient but allow them to express them-
selves. Using a reflective response serves to acknowledge 
the person’s feelings or perceptions. The following dia-
logue illustrates this technique:

Clinician: “G, you’ve told me M has been encouraging 
you to lose weight. On a scale from 0 to 10 with 0 
being not important and 10 being very important, 
how interested are you in losing weight?”

G: “I’m about an 8.”
Clinician: “Ok, now I’d like to know how confident 

you are, again on a scale from 0 to 10 with 0 being 
not confident and 10 being very confident, that you 
can make the changes necessary to lose weight.”

G: “I’m about a 3.”
Clinician: “That’s interesting. You rate the importance 

pretty high, at an 8, but your confidence is much 
lower, at a 3. What would need to happen to raise 
your confidence score to a 5 or 6?”

G: “Boy, I can think of a few things. First, M needs to 
get off my back. She constantly reminds me of what 
I should and should not be eating. That just makes 
me eat more. Second, Sundays are always difficult. 
We have the entire family over after church for a 
huge lunch. I can’t seem to control myself. Maybe 
if I had some ideas on how to control myself I 
wouldn’t feel so bad about dieting.”

Clinician: “Those are two very important concerns and 
seem like a good place to start. Have you talked 
to M about her comments and how they make you 
feel?”

G: “Not really. I guess I just get so mad I shut her out.”
Clinician: “What can you say that would be helpful?”
G: “I guess I could ask her not to comment on my eat-

ing and that I am trying to make better choices….”

Clinician: “F, we’ve discussed how important it is for 
you to reduce your fat intake. We’ve also discussed 
strategies and options you can use at dinner, the 
most difficult time for you. However, it still sounds 
like your fat intake is too high, you’re adding but-
ter to your dinner rolls and you’re using fatty salad 
dressing. I know you want to bring your cholesterol 
down. Help me understand what is making it dif-
ficult for you to choose a healthier dinner?”

F: “I know I need to get my dinner under better control. 
If I did better planning before dinner, like avoiding 
the dinner rolls completely and ordering balsamic 
vinaigrette, I would do a better job.”

Clinician: “That sounds right on target. I’d like you to 
focus on those strategies this week.”
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Self-Determination

One of the most frustrating and distressing situations in 
clinical care is when a patient seems to lack motivation for 
change. Even after the clinician has addressed all of the ben-
efits and obstacles to change and has laid out specific strate-
gies to take action, the patient appears to be having an inabil-
ity or unwillingness to move or act, or in other words, is in 
a state of inertia. It is therefore not surprising that one of the 
most frequently asked questions by clinicians is, “How do I 
motivate my patient?” The theory of self-determination and 
the counseling process of MI (discussed above) are particu-
larly useful for these patients who seem to lack motivation 
for change.

According to the theory of self-determination, people are 
motivated to act by very different types of factors, either be-
cause they value a particular activity (internal motivation) or 
because there is strong external coercion (external motiva-
tion) [31]. People will be internally motivated only when a 
change holds personal interest for them, that is, enjoyment, 
satisfaction, and intrinsic reward.

Although powerful in its own right, intrinsic motivation 
requires supportive conditions (e.g., people and an environ-
ment that are positive influences on behavior change as in-
trinsic motivation can be readily disrupted by various less 
supportive conditions). For example, let us look at a patient 
who wants to reduce the size of his dinner meal but whose 
wife serves family style (all food is presented in large serv-
ing dishes on the table), uses large plates, and encourages 
him to finish the food so there are no leftovers. In this case, 
the non-supportive condition (the way dinner meals are 
served) will trump intrinsic motivation. Therefore, patients 
must not only be ready, willing, and able to make change, 
there must also be a supportive condition. At the other end 
of the spectrum are non-motivated patients who do not see 
any value in changing, do not feel competent to change, or 
are not expecting the change to yield a desired outcome. The 
basic skill of the clinician is to identify whether patients’ mo-

tivation is internal or external and to help patients find sup-
portive conditions for health behavior change.

In between these two extremes is a continuum of exter-
nally motivated patients who are prompted to change by 
their significant others or their need to feel a connectedness 
with or valued by others. The more one is externally moti-
vated, the less he or she shows interest, value, and movement 
toward the achievement of change, and then as a result, the 
more he or she tends to blame others for a negative outcome. 
One end of this continuum is the patient who presents him-
self for changing a particular behavior, for example, cigarette 
smoking, solely based on the prompting of his physician or 
wife. He will likely just “go through the motions” to satisfy 
these external demands. The other end of the continuum is 
an externally motivated patient who makes changes to avoid 
guilt or anxiety or to achieve pride in oneself. An example 
would be a binge eater who feels bad about herself whenever 
she binges alone. Although an externally motivated patient 
can make positive behavior changes, the ultimate goal is to 
help patients become self-determined, that is, to internalize 
and assimilate the changes to the self so that they experience 
greater autonomy in their action.

According to Watson and Tharp [32], all behaviors pass 
through the following sequence—control by others, control 
by self, and automatization. When the patient achieves in-
ternal motivation, changes become more automatic and pa-
tients are authentic to their own goals. For example, a patient 
gains the assertiveness to say “no” to many of the periph-
eral demands asked of her and learns to prioritize her time 
to exercise on a regular schedule. This new acquired sense of 
autonomy and control reinforces her internal motivation to 
carve out precious time for herself.

Stages of Change (SOC)

When counseling patients, it is also important to assess 
whether the patient is ready to make changes in their be-
havior. One model, the transtheoretical or stages of change 
model clarifies this process. It proposes that at any specific 
time, patients change problem behaviors by moving through 
a series of stages representing several levels of readiness to 
change. There are five discrete stages of change: precontem-
plation, contemplation, preparation, action, and maintenance 
[33, 34]. Patients move from one stage to the next in the 
process of change and it is likely that they may repeat stages 
several times before lasting change occurs. Within the SOC 
model, the clinician’s tasks include both assessing the pa-
tient’s stage of change and using behavioral counseling strat-
egies to help advance the patient from one stage to the next. 
Table 3.4 shows samples of how to assess stages of change 
for a patient with obesity, describes the characteristics of 
each, identifies appropriate cognitive and behavioral coun-

D: “I’m trying as hard as I can but I’m not losing 
weight!”

Clinician: “It’s frustrating to work hard and not see the 
results you expect.”

D: “That is so true. It’s hard to imagine how I can work 
any harder. I lost 40 pounds the last time I went on 
a diet and I can’t seem to lose a pound now. What’s 
the use?”

Clinician: “I can see how you are discouraged and 
even a bit confused about what is going on. Let’s 
take a closer look at your food logs and see if we 
can find some answers.”
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seling strategies, and provides helpful dialogues for each 
stage.

It is important to remember that stages of change often 
reflect discrete behaviors. For instance, a patient may be in 
the preparation stage for making changes to her diet, for ex-
ample, adding more fruits and vegetables to each meal, but 
remains in the precontemplation stage for engaging in more 
physical activity. In this case, you would praise the patient 
and provide specific advice about adding more fruits and 
vegetables while encouraging the patient to think about how 
to add small bouts of physical activity in the course of the 
day.

The SOC model incorporates ten specific processes of 
change, which are activities and experiences that individuals 
engage in when they attempt to modify problem behaviors. 
Successful changers employ different processes at each par-
ticular stage of change. The basic skill of the clinician is to 
listen for these experiential verbal statements to determine 
where a patient is in the six stages of change. Four of the 
most useful processes of change with examples specific to 
lifestyle medicine are as follows [35]:

Example: In her counseling session, S explains that she 
has talked to people who have been successful in reduc-
ing their stress level and that this has made her a bit more 
hopeful that she can reduce her stress level too. The clini-
cian determines that S is moving from precontemplation to 
contemplation.

Example: J remarks that he almost always grabs some 
candy every time he passes his secretary’s desk—and he is 

not even hungry! The clinician determines that J is moving 
from contemplation to preparation.

Example: K explains that talking to a friend, someone she 
can count on, has been very important when she feels de-
pressed—the time when she often turns to food for comfort. 
K explains that her friend has helped her to control her emo-
tional urges for eating for the past 4 months. The clinician 
determines that K has moved from preparation to action.

• Consciousness raising: patients actively seek new infor-
mation and gain understanding and feedback about 
behavior change.
− Example: In her counseling session, S explains that 

she has talked to people who have been successful in 
reducing their stress level and that this has made her 
a bit more hopeful that she can reduce her stress level 
too. The clinician determines that S is moving from 
precontemplation to contemplation.

• Environmental reevaluation: patients consider and assess 
how diet, physical activity, and coping are affected by 
their physical and social environments.
− Example: J remarks that he almost always grabs some 

candy every time he passes his secretary’s desk—and 
he is not even hungry! The clinician determines that J 
is moving from contemplation to preparation.

• Helping relationships: patients trust, accept, and utilize 
the support of others in their attempts to change behavior.
− Example: K explains that talking to a friend, someone 

she can count on, has been very important when she 

Table 3.4  Stages of change (SOC) model using diabetes as an example
Stage Characteristics Patient verbal cues Appropriate intervention Sample of dialogue
Precontemplation Unaware of problem, no 

interest in change
“I’m not really concerned 
about my diabetes. I feel 
fine. It’s not a problem”

Provide information about 
health risks and benefits of 
controlling elevated blood 
pressure

“Would you like to read 
some information about the 
problems associated with 
diabetes?”

Contemplation Aware of problem, begin-
ning to think of changing

“I need to get my diabetes 
under better control but with 
all that’s going on in my 
life right now, I’m not sure 
I can”

Help resolve ambivalence; 
discuss barriers

“Let’s look at the benefits of 
improved diabetes control, 
as well as what you may 
need to change”

Preparation Realizes benefits of making 
changes and thinking about 
how to change

“I have to get my diabetes 
under better control, and I’m 
planning to do that”

Teach behavior modifica-
tion; provide education

“Let’s take a closer look at 
how you can reduce some 
of the simple carbohydrates 
in your diet and how to 
increase your activity during 
the day”

Action Actively taking steps toward 
achieving the behavioral 
goal, but only for a brief 
period (less than 6 months)

“I’m doing my best. This is 
harder than I thought”

Provide support and guid-
ance with a focus on the 
long term (relapse control)

“It’s terrific that you’re 
working so hard. What 
problems have you had so 
far? How have you solved 
them?”

Maintenance Initial treatment and behav-
ioral goals reached and 
sustained for a longer period 
of time (e.g., more than 6 
months)

“I’ve learned a lot through 
this process”

Relapse control “What situations continue to 
tempt you to over consume 
sweets? What can be helpful 
for the next time you face 
such a situation?
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feels depressed—the time when she often turns to food 
for comfort. K explains that her friend has helped her 
to control her emotional urges for eating for the past 
4 months. The clinician determines that K has moved 
from preparation to action.

• Self-reevaluation: patients conduct emotional and cogni-
tive reappraisal of individual values with respect to their 
behavior change goals.
− Example: P explains that despite losing and keeping 

off 10 % of her body weight, she still struggles with her 
body shape. She has learned to replace negative self-
talk with more positive statements, for example, “I am 
16 pounds lighter now and have a new wardrobe that 
looks pretty darn good. Even though I still want to take 
off another 15 pounds, I’m going to celebrate my suc-
cess along the way. I’m going to continue the healthy 
eating and physical activity plan I have been on for 
the past 8 months.” The clinician determines that P is 
moving from action to maintenance.

Many of these processes are embedded in other behavior 
change models. The role of the clinician is to guide the pa-
tient through these behavioral or thought processes, depend-
ing on their particular stage of change for a specific behavior.

Part of the decision for individuals to move from one stage 
to the next is based on the relative weight given to the pros 
and cons of changing behavior. The pros represent positive 
aspects of changing behavior, while the cons represent nega-
tive aspects of changing behavior, which may be thought of 
as barriers to change [36]. The following clinician–patient 
dialogue illustrates weighing of the pros and cons of begin-
ning an exercise routine:

In this example, B moved from the preparation stage to the 
action stage with the help of the clinician.

Health Belief Model

What about the patient who does not seem to understand the 
need to change a health behavior? This is another situation 
that can arise when counseling patients. The model that de-
scribes this, the health belief model, holds the principle that 
health behavior change is a function of the individual’s per-
ceptions regarding his or her vulnerability to illness and per-
ceived effectiveness of treatment [37, 38]. Behavior change 
is determined by individuals who:

• Perceive themselves to be susceptible to a particular 
health problem,

• See the problem as serious,
• Are convinced that treatment/prevention is effective and 

not overly costly in regard to money, effort, or pain,
• Are exposed to a cue to take health action, and
• Have confidence that they can perform a specific behav-

ior (self-efficacy).

The basic skill of the clinician is to help patients understand 
these behavioral change factors. This model is particularly 
useful when a patient is perceived to be in the precontempla-
tion stage of change making behavioral changes. The follow-
ing dialogue illustrates use of the health belief model:

Clinician: “B, do you think you can exercise at least 
two times this week?”

B: “I’d like to, but time has always been a major issue.”
Clinician: “Ok, I know that you want to exercise since 

we have talked about this before. And I know that 
you have a treadmill in the basement. What are the 
factors that make it hard for you to get started?”

B: “It’s really all about time. Knowing myself, I would 
need to exercise in the morning. That means getting 
up a half hour earlier.”

Clinician: “Is that doable?”
B: “Yes, it is. If I took my workout clothes out the 

night before and laid them on the chair, it would 
be even easier. I guess I could also make a point of 
going to sleep on time the night before.”

Clinician: “Well the benefits are pretty clear—feel bet-
ter during the day, get off to a good start, and burn 
more calories. Is there any downside to the plan?”

B: “The only downside is losing a half hour of sleep 
twice a week, and making sure I get my workout 
clothes ready the night before. I can do this.”

Clinician: “J, what do you know about the health risks 
of having an elevated blood sugar?”

J: “Everybody is telling me that I should be concerned 
about my blood sugar, but I feel alright as I am. My 
dad’s sugar was high and he lived to be 85 years old!”

Clinician: “I see. While it is true that everyone may be 
different, your blood sugar does concern me. You 
do meet the criteria for diabetes and your elevated 
sugar puts you at higher risk for developing blind-
ness, kidney failure, and heart disease. This is a 
serious problem.”

J: “I didn’t know that. But I think having a high blood 
sugar just runs in my family.”

Clinician: “J, you’ve never tried bring your blood 
sugar down. I think you can make a difference by 
modifying your eating and physical activity levels. 
We know that making small changes can make a big 
difference in your health problems and will likely 
lower your risk for heart disease. What do you think 
about our developing a plan for you together?”

J: “If it’s that serious and you can help me, I’ll give it 
a try.”
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When using the health belief model for behavior change, it 
is important to give feedback to the patient and continuously 
link the patient’s behavior changes to positive internal cues 
of health by pointing out that the changes the patient is mak-
ing are directly leading to improved physical or mental well-
being. In a weight loss or management setting, examples of 
improved physical or mental well-being include lower blood 
pressure or cholesterol levels, climbing a flight of stairs with 
less breathlessness, or improved mood. These positive at-
tributions are intended to strengthen the “cause and effect” 
relationship between behavior and health and reinforce mo-
tivation.

Social Cognitive Theory (SCT)/Ecological Models

It is important to know the supportive resources and barriers 
patients have to changing their behaviors. Social cognitive 
theory emphasizes the interactions between the person and 
his or her environment. Behavior, therefore, is a function of 
aspects of both the environment and the person, all of which 
are in constant reciprocal interaction [39]. The behavioral 
choices we make regarding what we eat or what we do are 
determined, in part, by accessibility, affordability, and avail-
able resources. Ecological models expand our definition of 
environmental influences to include interpersonal relation-
ships, family, community, and city. The “built environment,” 
meaning the environment that humans built, is an important 
concept in viewing behavior [40]. For example, our patients 
may be more likely (or less likely) to take a walk depending 
on neighborhood safety, lighting, sidewalks, traffic, and if 
there is an enjoyable route. Diet may be determined, in part, 
by whether the patient has access to neighborhood grocery 
stores versus large supermarkets, fast-food chains versus sit-
down restaurants, fresh versus processed foods, and the price 
of food. These are essential questions to ask the patient prior 
to establishing behavior-change goals.

Two central concepts of social learning theory are self-
efficacy and outcome expectations:

• Self-efficacy or confidence, previously mentioned under 
the health belief model and MI, refers to a patient’s 
belief in his or her ability to change or maintain a spe-
cific behavior under a variety of circumstances. It is not 
a general belief about oneself, but a specific belief that is 
tied to a particular task [32]. Higher levels of self-efficacy 
are predictive of improved treatment outcomes [41]. Low 
self-efficacy may be due to either perceived or actual 
deficits in personal knowledge, skills, resources, or envi-
ronmental supports [42].

• Outcome expectancies are the degree to which a patient 
believes that a given course of action will lead to a par-
ticular outcome. This is also a central feature of the health 

belief model. Outcome expectations must be favorable 
for behavior change to occur. Expectations are typically 
described as an individual’s anticipation of the effects of 
future experiences. The following dialogue illustrates the 
assessment of self-efficacy and outcome expectation:

Theory of Planned Behavior (TPB)

The patient’s perceived control over behavioral change 
is also considered important; this is where the theory of 
planned behavior (TPB) comes in. According to the TPB, the 
intention to act is guided by three belief considerations—be-
havioral beliefs, normative beliefs, and control beliefs [43]. 
Behavioral beliefs refer to the patient’s perceived outcomes 
(benefits and rewards) and attitudes toward engaging in the 
behavior. Normative beliefs refer to the subjective norms or 
pressure of others in the family or community regarding the 
behavioral change. Control beliefs refer to the presence of 
factors that may facilitate or impede performance of the be-
havior and the perceived power of these factors. In combina-
tion, these three beliefs lead to the formation of a behavioral 
intention to take action, similar to the support provided by a 
three-legged stool. A key principle of the TPB is that behav-
ioral change (an observed action) is immediately preceded 
by intention. Applying this model, the more favorable the 
attitude and subjective norm, and the greater the perceived 
control, the stronger should be the patient’s intention to 
change behavior. This concept is illustrated in Fig. 3.2.

Clinician: “K, you need to reduce your salt intake 
to less than 2300 mg daily. Based on what I have 
learned about your diet so far, there are many 
changes you can make to affect this reduction. Do 
you have any thoughts on what you can do?”

K: “Well, although restaurant eating is probably my 
biggest problem, that’s going to be tough. It’s really 
hard for me to cut back when I’m entertaining all 
the time.”

Clinician: “Ok, where do you think you can make a 
change?”

K: “Starting at home would be better. I can count on 
my wife to help me. I can ask her to use less salt in 
cooking, put the salt shaker away, and don’t buy 
salty snacks.”

Clinician: “Sounds like a plan.”
K: “So if I consistently reduce my salt intake to less 

than 2300 mg daily, how much lower will my blood 
pressure be?”

Clinician: “It’s hard to predict exactly, but I would 
expect it to drop about 5 points or so. We’ll see 
what it is when I see you back in a month.”
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But intention may not be enough. Behavioral change will 
only occur if the patient has a sufficient degree of perceived 
and actual control over the behavior. This is illustrated by an 
additional direct arrow between perceived behavioral con-
trol and behavior. Multiple studies have identified the im-
portance of the TPB in explaining intended behavior change 
[44–47]. The following dialogue illustrates the importance 
of identifying normative beliefs and perceived and actual be-
havioral control:

Cognitive Behavioral Therapy (CBT)

When it comes to helping patients take action, CBT is a most 
common behavioral therapy employed. It incorporates vari-
ous strategies intended to help change and reinforce new di-
etary and physical activity behaviors as well as thoughts and 
attitudes [48, 49]. Rather than exploring the psychological 
underpinning for behavior that may be rooted in childhood 
(the past), CBT focuses on short-term, problem-oriented 
treatments that address the present and future. The primary 
aim of CBT is to produce cognitive change, that is, attention 
to inner thoughts, attitudes, and emotions as well as to the 
events that both trigger and result from our actions [50].

Behavior is a function of the person in interaction with the 
environment; this is in contrast to “willpower,” which im-
plies that some entity, inner strength, or psychological make-
up is all that is needed to change a behavior. CBT is based 
on the need to cultivate skills that are developed through 
knowledge and practice versus just needing good intentions 
to succeed. Patients may present for treatment interested in 
cutting down on their alcohol intake (contemplation stage 
of change) but need to consciously apply learned techniques 
and strategies in order to succeed. The key traditional CBT 
techniques are self-monitoring, stimulus control, problem-
solving, stress management, social support, and cognitive 
restructuring. CBT is explained in detail in Chap. 14.

Conclusions

Good communication between the provider and patient is 
paramount in eliciting behavior change. Rather than simply 
educating and instructing patients on what to do, behavior 
change counseling should be a guiding and collaborative 
process. Behavior change theories are intended to explain 
the biological, cognitive, behavioral, psychological, envi-
ronmental, and motivational determinants of human behav-

Behavioral Beliefs
(Attitude to the Behavior)

Normative Beliefs
(Subjective Norms)

Control Beliefs
(Perceived behavioral control) 

Behavioral Intention Behavior

Fig. 3.2  Theory of planned behavior (TPB) [43]

 

Clinician: “We’ve talked about how the food around 
the office and on everyone’s desk is problematic for 
you. By keeping food diaries over the past 2 weeks, 
we’ve identified that you are consuming simple 
sugars in candy and other munch food every day. 
What’s the likelihood that you can change the office 
environment?”

P: “That’s going to be problem. First of all, my cowork-
ers like having food around. None of them seem to 
care about simple sugars. My boss is the one who 
fills up the candy dish every Monday morning. 
I’ve already talked to the coworkers immediately 
around me and they said they would try to be more 
conscious about the treats. I’m thinking about this 
all day long. I can’t tell people what they can or 
cannot do.”

Clinician: “Here’s an idea. Perhaps you can help 
change what people bring into the office. Instead 
of a candy dish, what about a fruit bowl? You can 
make it a community effort where everyone who 
wants to contribute can. At least there would be 
an alternative to the candy and nuts. Who knows, 
maybe it will catch on.”

P: “That’s really a good idea. I’m going to try it.”
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ior. They also provide interventions to produce changes in 
knowledge, attitudes, motivation, self-confidence, skills, 
and social support required for behavior change and main-
tenance [51]. A skilled clinician mixes and matches all of 
these behavior change principles, strategies, and techniques 
during counseling. Often, several methods are used with the 
same patient depending on the targeted behavior and course 
of treatment.
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A Physician’s Description of the Dilemma of the 
Modern Practice of Medicine

“There I am standing by the shore of a swiftly flowing river 
and I hear a cry of a drowning man. So I jump into the river, 
put my arms around him, pull him to shore and apply ar-

tificial respiration. Just when he begins to breathe, there is 
another cry for help. So I jump into the river, reach him, pull 
him to shore, apply artificial respiration, and then just as he 
begins to breathe, another cry for help. So back in the river 
again, reaching, pulling, applying, breathing and then an-
other yell. Again and again, without end, goes the sequence. 
You know, I am so busy jumping in, pulling them to shore, 
applying artificial respiration, that I have no time to see who 
the hell is upstream pushing them in” [1].

Preventive Medicine

This story was told by a physician to describe a dilemma that 
exists within the modern practice of medicine. The current 
practice has been built on a fee-for-service model of treating 
disease rather than disease prevention and health promotion 
[1]. The US health-care system is inundated with people com-
ing to the clinic or emergency department with some type of 
acute or worsening chronic medical condition. Health-care 
professionals work together to stabilize the patient, diagnose 
the cause, and then prescribe appropriate treatment. However, 
there are limitations in a health-care system that predominant-
ly relies on reactive “downstream” endeavors with a focus on 
illness or injury [1]. Health-care spending within the US re-
mains higher than any other nation, but health-care outcomes 
continue to rank lower than any of the other developed coun-
tries [2]. A health-care system that includes preventive medi-
cine offers a proactive “upstream” solution to prevent illness 
and promote wellness through services of health promotion.

Affordable Healthcare Act

The Patient Protection and Affordable Care Act (PPACA) re-
quires Medicare and commercial health plans to pay for pre-
ventive services that are graded highest by the US Preventive 
Services Task Force (USPSTF), with no expense to patients 
[3–5]. The USPSTF consists of an independent panel of non-
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federal experts in prevention and primary care who ranked 
64 clinical preventive services based on a rigorous review of 
the scientific literature. A range of specific services (e.g., im-
munization vaccines, screenings, behavioral counseling and 
education, pharmacotherapy) were selected with the capac-
ity to prevent or reduce cardiovascular disease, cancer, in-
fectious disease, and other conditions that impact the health 
of children, adolescents, adults, and pregnant women. This 
evidenced-based grading system provides a guideline for 
physicians as they consider the best options for integrating 
preventive services into their practice. The USPSTF recog-
nizes that clinical decisions by a physician are individual-
ized to the patient. However, the guide may help physicians 
prioritize the various preventive services. In this new model 
of health-care delivery, financial incentives will be available 
to health-care professionals who embrace disease preven-
tion and health promotion. Updated recommendations of the 
USPSTF guide are available along with the supporting sci-
entific evidence at www.USPreventiveServicesTaskForce.
org. Recommendations for specific age groups and clinical 
characteristics can be accessed by smart phone or on the web 
at www.epss.ahrq.gov.

Chapter Purpose Statement

This chapter defines a paradigm for preventive medicine 
and offers a framework for physicians and allied health-
care professionals to apply lifestyle medicine and wellness 
in the clinic. Strategies are identified to improve the physi-
cian’s ability to provide effective lifestyle medicine within a 
busy clinical practice. This includes education in preventive 
medicine and ongoing support for the physician that begins 
in medical school and prepares them to deliver team-based 
models of wellness.

Natural History of Disease

Chronic disease, which may last years or decades, has a nat-
ural life history [6]. Exposure to factors favoring the devel-
opment of disease occurs in early life and extends over time. 
This may include factors associated with the environment, 
occupation, and the society in which we live. Other factors 
include our personal physiological and genetic profile and 
the lifestyle we adopt [7]. Consequently, disease may exist 
within a progressive sequence of stages prior to a clinical 
diagnosis. Prevention simply means inhibiting the develop-
ment of a disease before it occurs. However, the term has 
been expanded to include measures that interrupt or slow 
down the progression of disease. Therefore, there are differ-
ent levels of disease prevention that can be applied through-
out the natural life history of disease development.

Levels of Disease Prevention

Figure 4.1 describes a contemporary paradigm for disease 
prevention and has been adapted from work by the National 
Public Health Partnership [8].

In primary prevention, proactive interventions focus on 
altering a person’s susceptibility to disease or reducing ex-
posure to the factors that cause disease in susceptible indi-
viduals. Here, no disease is present. A prenatal and postnatal 
educational intervention that promotes and supports breast-
feeding in new mothers is an example of primary prevention. 
Breastfeeding decreases the likelihood of breast and ovarian 
cancer in the mother; it reduces ear, lower respiratory tract, 
and gastrointestinal infections in infants, and it lowers the 
risk of asthma, type-2 diabetes (T2D) and obesity in younger 
children [4].

Secondary prevention is the early detection and treatment 
of early-stage disease and related risk factors. Here, disease 
may be present without symptoms. A blood test to screen 
for T2D is an example of an appropriate secondary preven-
tion measure in asymptomatic adults with a sustained blood 
pressure >135/80 mmHg [4]. The early identification of at-
risk individuals (fasting plasma glucose ≥100 mg/dl) may 
prompt additional health promotion strategies, including 
lifestyle education and counseling [9, 10].

Tertiary prevention is the alleviation of disability and 
illness that can be the consequence of a diagnosed disease. 
Here, rehabilitative efforts may focus on restoring effective 
functioning. For some, there may be symptoms associated 
with the disease, but this is not always the case. At this level 
of prevention, interventions also aim to slow down, stabi-
lize, or reverse the disease process before it becomes more 
serious and disabling. There is typically more evidence of 
chronic disease in aging adults. This is a scenario familiar 
to physicians as they provide care for these patients. There-
fore, tertiary level prevention is appropriate in this patient 
population. Using diagnosed heart disease as an example, 
the survivor of a myocardial infarction is still susceptible to 
a second attack, and someone living with heart failure re-
mains vulnerable to ongoing medical complications and hos-
pital readmission. Surgical intervention and optimal medi-
cal management will be crucial to patient care. However, a 
physician referral to a medically directed, supervised cardiac 
rehabilitation program is an example of a tertiary preventive 
service that compliments standard care and enhances clinical 
outcomes. Mortality rates for patients with coronary artery 
disease (CAD) are up to 34 % lower in those who participate 
in outpatient cardiac rehabilitation compared with nonpar-
ticipants [11]. Hospitalizations for a recurrent cardiac event 
are also decreased [12, 13]. Clearly, there is a rationale to 

http://www.USPreventiveServicesTaskForce.org
http://www.USPreventiveServicesTaskForce.org
http://www.epss.ahrq.gov
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support preventive measures prior to the diagnosis of dis-
ease. However, this example shows there is a place for all the 
levels of disease prevention within the paradigm of lifestyle 
medicine and wellness. A nationwide directory of cardiac 
and pulmonary rehabilitation programs is available at www.
aacvpr.org as a resource for physicians as they consider the 
best interest of the patient.

Where Does Lifestyle Medicine Fit Within this 
Paradigm?

The Global Burden of Disease Study (GBDS) 2010 is the 
largest and most current population-based analysis of the in-
fluence of risk factors on the burden of disease and injury 
in 187 countries and 21 regions of the world. The burden of 
disease was quantified by the estimated sum of years of life 
lost (YLL) and the years lived with a disability (YLD), oth-
erwise known as the deaths and disability-adjusted life years 
(DALYs). Lifestyle factors ranked high among 67 identi-
fied risk factors that were considered attributable to the bur-
den of disease and injury in all parts of the world [7]. High 
blood pressure, tobacco use including secondhand smoke, 
household air pollution, a diet low in fruits, and alcohol use 
were ranked as the leading risk factors globally for men and 
women combined. These were considered the main causes of 

chronic disease, especially cardiovascular disease and can-
cers. Other lifestyle factors that were ranked in the top 20 in-
cluded physical inactivity (10th), diet high in sodium (11th), 
diet low in nuts and seeds (12th), suboptimal breast feeding 
(14th), diet low in whole grains (16th), diet low in vegetables 
(17th), diet low in seafood omega-3 fatty acids (18th), and 
drug use (19th) (Fig. 4.2). Dietary risk factors and physical 
inactivity collectively accounted for 10 % of global DALYs 
in 2010. These findings underline the importance of integrat-
ing a lifestyle medicine approach within a wellness model of 
health-care delivery. The burden attributed to each risk factor 
varies across regions and subpopulations. The contribution 
of any given risk factor may also change across the lifespan. 
For example, the Australian Longitudinal Study on Women’s 
Health used the same methodology adopted in the GBDS to 
identify that among women >30 years of age, the popula-
tion risk of heart disease attributed to physical inactivity out-
weighed all other risk factors, including high blood pressure, 
smoking, or body mass index [14]. In women ≤ 30 years of 
age, the highest population risk was attributed to smoking. 
Contextualized information such as this is critical to the tai-
lored design and implementation of lifestyle medicine and 
health promotion initiatives within a region or country.

The importance of a physically active lifestyle is under-
lined by evidence from the Aerobics Center Longitudinal 
Study and subsequent research, which have identified that 

Fig. 4.1  Levels of disease prevention in healthcare. (Source: Adapted from [8])
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an exercise capacity below the 20th percentile for age and 
gender is associated with increased cardiac death and all-
cause mortality [15–17]. In a meta-analysis of 33 studies 
involving 103,000 participants who were followed for an 
extended period, age-adjusted mortality rates were lowest 
among the most cardiovascular fit individuals and highest 
among the least fit [17]. In a 6.2-year follow-up of 6213 US 
veteran men, maximal graded exercise testing classified into 
five categorical cardiovascular fitness gradients identified 
that the least fit had > 4 times the risk of all-cause mortality 
compared with those with the highest cardiovascular fitness 
level in both apparently healthy individuals and those with 
cardiovascular disease. Cardiovascular fitness level was also 
a stronger predictor of mortality than the more traditional 
risk factors, which included smoking, hypertension, high 
cholesterol, and T2D [18]

In randomized controlled studies of individuals already 
diagnosed with CAD, those who adhered to a lifestyle in-
volving multiple healthful behaviors (i.e., low-fat diet, struc-
tured exercise, stress management, and tobacco avoidance) 
more readily controlled symptoms, stabilized or reversed the 
atherosclerosis based on angiographic evaluations, and re-
duced the chance of recurrent cardiac events compared with 
a control group over a 4–6-year period [13, 19–22].

The 4-year follow-up results of the Diabetes Prevention 
Program demonstrated that compared with medications and 
a control group, lifestyle intervention was more effective in 
preventing the new onset of diabetes in a population with 
early signs of risk [9]. In the Nurses Health Study, a pro-
spective observational study of 84,941 apparently healthy 
female nurses followed over a 16-year period, there were 
3300 (26 %) new cases of T2D. Overweight or obesity was 

the single most important predictor of T2D. Lack of exer-
cise, a poor diet, current smoking, and abstinence from al-
cohol use were all associated with a significantly increased 
risk of T2D, even after adjusting for the body mass index. 
Those with limited alcohol consumption were classified as 
lower risk. It was concluded that more than 90 % of T2D 
cases could have been prevented with the adoption of a more 
healthful lifestyle [9, 23]. In summary, physicians who pro-
mote the medicinal qualities of a healthful lifestyle will not 
only prevent premature death (i.e., increase lifespan) but 
they will also alleviate prolonged periods of illness (i.e., in-
crease healthspan) in the individuals they serve.

The Influence of Lifestyle on Gene Expression 
and Primordial Prevention

Lifestyle behaviors can also modify gene expression [24–27]. 
For example, in a study of 126 men and women with CAD 
or ≥ 2 cardiac risk factors, peripheral blood profiles showed 
changes in the expression of 143 genes in a group electing 
to adopt a rigorous heart healthful lifestyle (i.e., low-fat diet, 
structured exercise, stress management, tobacco avoidance) 
for a 1-year period. Controls showed little change in gene ex-
pression. Lifestyle modification effectively reduced expres-
sion of proinflammatory genes associated with neurophil 
activation and molecular pathways important to vascular 
function, including cytokine production, carbohydrate me-
tabolism, and steroid hormones [28]. Encouraging findings 
such as this have resulted in the evolution of individualized 
medicine, where it may be feasible to identify and prevent 
disease from occurring in individuals with a strong family 

Fig. 4.2  Top ten risk factors ranked by attributable burden of disease in the ten world regions with the highest life expectancy, 2010. (Source: 
Adapted from [7])
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history of a specific medical condition. This concept has 
been termed primordial prevention, and it adds a new dimen-
sion to prevention at the primary level. For example, genetic 
screening and counseling has been recommended as a high 
priority preventive service for adult women with a family 
history of breast, ovarian, tubal, or peritoneal cancer [5]. The 
Hyperglycemia and Adverse Pregnancy Outcome (HAPO) 
Study underlined the importance of glucose metabolism 
biomarkers during pregnancy as a predictor of fetal health 
[29]. Consequently, the USPSTF now recommend screening 
for gestational diabetes mellitus in asymptomatic pregnant 
women after 24 weeks of gestation [5]. This is an example 
of a primordial prevention strategy that focuses on the health 
of a prospective mother and her unborn child. Additional ex-
amples of primordial prevention strategies that are beyond 
the scope of this chapter include the use of the epigenome 
and genetic imprinting to prevent the development of disease 
risk factors [30, 31].

How Much Time Do Physicians Spend on 
Prevention and Lifestyle Counseling?

An analysis of a large dataset of primary care visits using the 
National Ambulatory Medical Care Survey, identified physi-
cians incorporate priority USPSTF preventive services with-
in their practice. However, the study investigators conclud-
ed, that generally an inadequate amount of time was devoted 
to prevention, including lifestyle counseling [32]. This was 
consistent with an earlier evaluation that calculated > 50 % of 
the visit time focused on the medical history and only 20 % 
on health education. Almost no time was spent on nutrition 
(3 %), exercise (2 %), and smoking cessation (1 %) [33]. 
Direct observation of a community family practice setting 
with audiotaping of physician–patient interactions identified 
that exercise counseling was provided in 22 % of visits with 
an average time allocation of 49 s [34]. In a larger study of 
10,000 patients, 34 % were counseled about exercise during 
their previous physician visit [35]. However, in a survey of 
primary care physicians, 87 % reported that they frequently 
advised patients to be physically active [36].

In a survey of patients that were overweight or affected 
by obesity, 30 and 42 %, respectively, reported that they were 
advised by their physician to lose weight within the past year 
[37]. In a more recent study, 40 primary care physicians were 
audiotaped during 461 consultations with a similar patient 
population. In this study, all physicians discussed weight loss 
with at least some of their patients for an average of 3.3 min 
[38]. However, in those that received this discussion, there 
was no additional weight loss compared with those that did 
not. Further analysis of the audiotaped sessions revealed 
that patients lost weight at 3 months if the physician used a 
collaborative method of communication that respected the 

patient’s freedom of choice regarding behavior change. Con-
sequently, it appears that physicians cannot always rely on 
advice giving and persuasive tactics to effectively promote 
lifestyle medicine.

Clearly, it is not a simple task to provide optimal disease 
prevention to every patient in the clinical setting. There may 
be numerous factors to explain a less than ideal delivery of 
services. It has been documented that this may include factors 
associated with the health-care system (e.g., time-pressured 
appointments and reimbursement), the patient (e.g., personal 
motivation, health literacy, and complex comorbidities), and 
the physician (e.g., knowledge of guidelines, limited training 
and confidence in preventive medicine and health communi-
cation, low patient expectations, and poor physician self-care) 
[38–42]. The remainder of this chapter will focus on the iden-
tification of supportive solutions for the physician and poten-
tial models that can be used to deliver wellness in the clinic.

How Much Behavior Change Counseling Is 
Taught in Medical School?

Effective physician communication increases the likelihood 
of patients adhering to treatment recommendations and the 
adoption of healthful behaviors [43, 44]. However, many 
physicians in clinical practice have received little to no for-
mal training in behavior change counseling. In the study of 
physician communication to promote weight loss, only 38 % 
of physicians reported prior training in health communica-
tion [38]. Traditionally, formal training in physician–patient 
communication has not been a major component of the med-
ical school curriculum [45]. However, an increasing number 
of new medical school graduates are now entering the pro-
fession with at least some rudimentary skills in health com-
munication [46].

In a recent 10-year follow-up cross-sectional survey of all 
existing medical schools ( N = 2090) in 171 countries (32 % 
response rate), it was identified that 27 % of schools taught 
a specific module on tobacco control compared with 11 % 
reported a decade earlier [47]. Seventy-seven percent inte-
grated tobacco education teaching into other areas of the cur-
riculum compared with 40 % in the original survey. A lecture 
format was the most popular teaching method (78 %), while 
others used patient-centered approaches such as role-playing 
(31 %). This report showed an encouraging trend towards 
tobacco education in medical schools worldwide, and it con-
cluded that ongoing efforts were required for this to be a rou-
tine component of the curriculum.

The World Health Organization (WHO) Framework Con-
vention on Tobacco Control (FCTC) is an international trea-
ty that was adopted in 2003, with the aim to reduce the health 
consequences of tobacco use by promoting the initiation of 
evidence-based tobacco control interventions worldwide 
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[48]. In a web-based cross-sectional survey completed by a 
stratified convenient sample of key informants in 69 coun-
tries (70 % response rate), it was identified that there were 
61 current tobacco treatment training programs available in 
37 of the 48 countries that responded [49]. Three quarters 
of them began in 2000 or later, and 40 % began after 2003 
when the FCTC was adopted. Programs estimated training 
approximately 14,000 health-care professionals in clinical 
practice, mostly physicians and nurses. Most programs used 
evidence-based guidelines and reported adherence to core to-
bacco treatment competencies. The median training duration 
was 16 h, but this varied widely, most notably in low-income 
countries. At least in the example of tobacco control, there 
appears to be a trend towards more education and/or training 
in medical school and clinical practice. The opportunity to 
learn about behavior change counseling in medical school 
and the provision of ongoing in-service education will help 
better prepare physicians for preventive medicine.

What Is the Wellness of Physicians?

Medical school and residency training are formative periods 
in a physician’s professional and personal development. Phy-
sicians are encouraged to assume work habits that are in the 
best interest of the patient, which may supersede self-interest 
[50]. Consequently, the demands of balancing work and per-
sonal life starts early in a physician’s career and appears to 
remain a hazard of the profession [51, 52]. In a survey to 
determine the personal and clinical exercise-related attitudes 
and behaviors of 1906 freshmen US medical students (mean 
age = 24 years) at 17 medical schools, students reported ex-
ercising a median of 45 min/day. Nearly all students (98 %) 
engaged in some moderate or vigorous exercise in a typical 
week, with 64 % meeting national physical activity recom-
mendations. In addition, 79 % of respondents believed it 
would be highly relevant to their future practice to counsel 
patients about exercise [51].

In a survey to evaluate levels of burnout, depression, 
stress, mental quality of life (QOL), physical QOL, and fa-
tigue in 2246 medical students in the midst of studying at 
seven US medical schools, 82 % had at least one form of dis-
tress, and 58 % had ≥ 3 of these characteristics [53]. In anoth-
er study, the Empathy, Spirituality, and Wellness in Medicine 
Survey was used to compare the self-care behaviors of 963 
medical students, residents, and attending physicians and 
identified that residents scored the lowest for adequate hours 
of sleep, exercise, and seatbelt use. Residents used tobacco 
and alcohol less than medical students, but they reported 
higher depression and anxiety with less time spent in social 
activities outside of their profession [54]. It is a sad irony 
that prospective physicians start out with healthful self-care 
practices and intentions to promote preventive medicine, but 

this appears to become eroded shortly after entering a profes-
sional life in medicine. Studies show physicians continue to 
practice poor self-care throughout their career. Long work 
hours, job-related stress, and a reluctance to seek help from 
others often results in burnout [41, 52, 55].

Why Is Physician’s Wellness Important?

The Women Physician’s Health Study evaluated a large 
representative sample of US female physicians ( N = 4501) 
by questionnaire to identify self-reported determinants of 
physician prevention-related counseling and screening 
practice. Physicians reported that they tended to preach 
what they practiced in their personal life. Those that 
adopted preventive health behaviors, or were at least 
trying to improve their self-care habits, reported that they 
were more likely to practice preventive services: lifestyle 
assessment, education and counseling, administration of flu 
vaccinations, screening for breast and skin cancer or 
abnormal cholesterol, and promoting hormone replacement 
therapy [56].

A review of the literature on physician wellness showed 
that when physicians are unwell, the performance of health- 
care can be suboptimum [41]. Physician responses to patient 
concerns are more abrupt and less compassionate, medical 
errors become more frequent, patient satisfaction declines, 
and malpractice suits increase [57–59]. Consequently, 
physician wellness might not only benefit the physician 
personally, it could also be vital to the delivery of high-qual-
ity health-care.

A culture change is needed within the medical profession 
to support physician wellness. The Canadian Medical Asso-
ciation (CMA) has taken a step in this direction by develop-
ing a national strategic plan to improve the mental health of 
physicians, residents, and medical students [60]. The plan 
involves recommendations to promote physician wellness 
on multiple levels, which includes targeting individuals, 
structures and systems. The CMA challenges the medical 
schools and residency programs to create a culture change 
within their environment that strives to shape the attitudes 
of students towards self-care and wellness. In this process, 
students are encouraged to recognize the early warning signs 
of distress and know how to seek help. This concept also ex-
tends to practicing physicians with a particular emphasis on 
individuals that have already experienced emotional distress 
or burnout. The CMA plan includes a campaign to support 
wellness within the health-care systems and organizations 
where the physicians practice. This includes the provision 
of resources and the elimination of punitive and discrimina-
tory responses that can be associated with physician mental 
health and treatment. Efforts to support physician wellness 
within the US can learn from the Canadian experience.
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Models of Wellness

Team-Based Medicine

A primary care physician is expected to manage approxi-
mately 2300 patients with an average visit time of 15 min. 
It has been estimated that it would take the physician 7.4 h 
in a workday to provide all of the services recommended by 
preventive services guidelines and even more time to ad-
equately manage chronic conditions [61, 62]. Therefore, it 
is imperative that there is an effective organizational struc-
ture to reduce the physician’s burden of responsibility while 
maintaining high-quality care. To meet this challenge, the 
majority of physician practices now rely on a team-based ap-
proach to patient care that utilizes nonphysician team mem-
bers to provide clinical tasks, patient education, and moni-
toring under the guidance of the physician. There will be an 
increased reliance on teams that can function at a high level 
with an anticipated increase in patient volume with the intro-
duction of the Affordable Healthcare Act. Team-based pri-
mary care will also be important as insurance carriers offer 
financial incentives based on patient outcomes with a goal of 
improving the quality of patient care. The California Health-
care Foundation have identified key elements of cohesive 
team building based on lessons learned from a study of high-
functioning teams in the primary care setting [42, 63]. The 
practices studied encompassed the spectrum of primary care, 
from a one-physician private office to large integrated mul-
tispecialty groups with numerous health-care professionals, 
including primary care clinicians, nurses, medical assistants, 
health educators, social workers, community health work-
ers, pharmacists, practice managers, and clerical assistants. 
A common theme was the expansion of the traditional 15-
min visit to involve other team members to provide direct 
patient care, which included pre-visit and post-visit consul-
tations, between-visit contacts, and community care away 
from the clinical site [42]. The health coach is a title that is 
more readily being used in primary care to describe a team 
member that assists the physician by providing these types of 
duties, which may include planning for behavior change [64, 
65]. Another option for the physician is to provide addition-
al patient support with a referral to specialty services such 
as behavioral health, nutrition counseling physical therapy, 
cardiac rehabilitation, individualized medicine, integrative 
medicine, or complementary and alternative medicine.

Primary Care Behavioral Health

The primary care physician routinely encounters a broad 
range of mental health issues in the clinic, including de-
pression, anxiety, suicidal tendencies, substance abuse, and 
psychiatric disorders [66, 67]. Time-pressured consultations, 

complex medical histories, a reluctance or failure by both the 
physician and patient to recognize a psychosocial issue ex-
ists, and limited resources or training in mental health have 
resulted in less than optimal behavioral health services in the 
primary care clinic [68]. It is perhaps no surprise that for 
those who receive treatment, psychotropic medications are 
more readily prescribed than specialty behavioral health ser-
vices [69]. As a result, new models of health-care delivery 
have emerged to bring mental health services into the clinic 
and help reduce the burden of responsibility on the physician 
[67, 70].

Primary Care Behavioral Health is one model of care that 
has been proposed to meet this challenge by positioning a 
mental health specialist within the primary care clinic to work 
as a behavioral health consultant (BHC) in collaboration with 
the physician and other members of the health-care team. In 
this model, the BHC is available to address not only the men-
tal health needs of the patient but also provides a specialized 
service that promotes preventive strategies such as smoking 
cessation, weight control, and stress management education 
in an effort to manage chronic disease (e.g., chronic pain, 
headaches, hypertension, T2D, and obesity). A guide is avail-
able to describe how this integrated model of care is being 
utilized in clinics within the US Air Force and Army, the 
Veterans Administration, and private health-care institutions 
such as Kaiser Permanente [68]. The Agency for Healthcare 
Research and Quality (AHRQ) conducted a comprehensive 
review of the evidence associated with practice models that 
integrated behavioral health into primary care and concluded 
that, at least in the case of psychiatric problems, integrated 
care generally improved clinical outcomes [71].

Patient-Centered Medical Home

With a new model of health-care delivery that requires more 
coordination, preventive services, and patient self-manage-
ment, a less fragmented and collaborative model of care is 
needed [3, 72]. The Patient-Centered Medical Home (PCMH) 
model of care “facilitates partnerships between patients, 
their families, and the health-care team to take into account 
patient preferences and needs that promote better coordina-
tion and delivery of care” [73]. The PCMH is being adopted 
by a number of physician organizations and focuses on en-
hancing the patient experience by integrating improvements 
that are both “high-tech” (e.g., electronic medical records, 
registries to promote population-based disease management, 
and connected health interventions) and “high-touch” (e.g., 
cultivating the physician–patient relationship). Here, there is 
an emphasis on interventions that keep the patient well be-
tween visits and reduce the need to come into the clinic. The 
promotion of lifestyle medicine and wellness is integral to 
the success of the PCMH.
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Currently, there are more than 90 commercial health 
plans, 42 states and 3 federal initiatives testing the PCMH 
model. The Patient-Centered Primary Care Collaborative 
(PCPCC) is one group that has reviewed 46 medical home 
initiatives across the US and identified preliminary evidence 
that the PCMH model improves the quality of care and 
population health and reduces health-care costs [74]. While 
these findings are encouraging, the Commonwealth Fund’s 
Patient-Centered Medical Home Evaluator’s Collaborative 
recognizes there is an urgent need for high-quality evalua-
tions that measure the impact of the PCMH and improve its 
implementation. The collaborative consists of more than 75 
researchers, divided into 5 workgroups, with a focus on the 
key dimensions of PCMH evaluation: cost/utilization, clini-
cal quality, patient experience, clinician/staff experience, 
and process/implementation. The collaborative anticipates 
that a consensus on optimal standardized measures to evalu-
ate cost, utilization, and quality outcomes will help strength-
en medical home research and help influence primary care 
policy [75].

Connected Health

Connected Health is a model of health-care delivery sup-
ported by electronic processes and communication in order 
to deliver health services remotely. Connected Health appli-
cations use various technology platforms such as the Inter-
net (e.g., eHealth), telephone and interactive voice response 
systems (e.g., telehealth), mobile and smartphone-based ap-
plications (e.g., mHealth), and computer-tailored print [76]. 
Connected Health applications to lifestyle medicine have the 
potential to enhance clinical care and the self-management 
of healthful behaviors between clinical encounters.

The growth of Connected Health interventions has mir-
rored the ubiquitous and global growth of personal technol-
ogy. Internet use in the USA has grown from 14 % in 1995 
to 87 % in 2014. Ninety percent of adults own a cell phone 
and 58 % own a smartphone [77]. African-Americans and 
Hispanics have the highest rates of smartphone adoption (64 
and 60 %, respectively), and individuals with a low house-
hold income ( US$ 30,000/year) and education (high school 
completion) are adopting smartphones at rates faster than 
any other population subgroup. It is estimated that 72 % of 
Internet users and 31 % of cell phone owners have accessed 
health information using these technologies.

Considerable evidence suggests that Internet and tele-
management interventions are efficacious at delivering a 
host of lifestyle interventions, including cancer prevention 
and control [78], the management of gastrointestinal disease 
[79], diabetes [80], and heart failure [81]. Compared with 
usual care, enrollment in a heart failure telemanagement 
service more effectively prevented hospital readmission and 

reduced related costs in this patient population [81, 82]. A re-
duction in early hospital readmission has been identified by 
the US government as a national priority in an effort to im-
prove the quality of care and minimize unnecessary health-
care expense [83].

Recent attention has shifted to developing smartphone-
based health interventions given the ubiquity of this technol-
ogy and the potential for widespread dissemination through 
existing channels such as the Apple and Google app stores 
[84]. However, most developers to date have not used evi-
dence-based strategies [85]; efficacy has been modest [86, 
87], and a recent comprehensive review indicated few in-
terventions have been empirically evaluated [88]. A great 
amount of research is currently underway in this area.

A promising area of growth in Connected Health is the ad-
vent of wearable and portable medical technology. Wearable 
sensors can monitor various health parameters (e.g., physical 
activity, sleep, heart rate, blood pressure, and glucose level), 
improve symptom management, and enhance communica-
tion between the patient and physician. There are limited 
examples of these technologies being integrated into clinical 
practice. One recent example was the implementation of a 
digital health-feedback system in patients with hypertension 
[89]. Patients were given a wearable sensor and poppy-sized 
ingestible sensors, which collectively monitored activities of 
daily living, physical activity, and compliance and timing of 
antihypertensive treatment. Data was automatically trans-
mitted to a provider. The system provided support for clini-
cal decisions and management by helping to discriminate be-
tween inadequate medication utilization, pharmacologic un-
responsiveness, and the need for patient counseling. While 
the opportunities for wearable and portable technologies are 
exciting, challenges remain, including sensor validation, the 
protection of patient privacy, and the successful integration 
into existing clinical practice settings.

Lifestyle Medicine in Practice

Some national associations for health professionals have 
begun to recognize the important role of lifestyle medicine in 
clinical practice. For example, Exercise is MedicineTM (EIM) 
is a recent initiative that is being promoted by the Ameri-
can College of Sports Medicine (ACSM) and the American 
Medical Association (AMA) to address the low-level physi-
cal activity counseling that exists in a clinical setting. The 
vision for this initiative calls on all primary care physicians 
to promote physical activity and exercise to every patient at 
every outpatient visit [90]. Recognizing the time constraints 
of patient consultations, these national associations recom-
mend that physicians consider a menu of four options in the 
promotion of EIM.
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• Option 1 consists of asking the patient about their cur-
rent level of physical activity with two short closed-ended 
questions and assigning a numerical score similar to the 
other recognized vital signs [91, 92].

• Option 2 includes the provision of an optimistic recom-
mendation to exercise. This could happen during the same 
consultation as option 1 or be revisited at a future appoint-
ment.

• Option 3 invites the physician to budget more time to 
counseling and prescribing the specifics of an exercise 
plan.

• Option 4 consists of referring the patient to an exercise 
professional and/or program such as cardiac rehabilita-
tion or physical therapy for more specialized guidance.

The physician is not obligated to change their practice in 
anyway. However, it is anticipated that giving the physician 
practical suggestions such as these will make the task of pro-
moting EIM less daunting during time-pressured consulta-
tions. This example shows how a physician can be strategic 
in the application of lifestyle medicine in the clinic and elect 
the best option that suits any given situation.

Kaiser Permanente Southern California is one organiza-
tion that has taken steps to apply this wellness model within 
their practice by incorporating questions about exercise with-
in the routine measurement of traditional vital signs. Over a 
1.5-year period from when this quality improvement process 
was implemented, it was observed that 86 % of all eligible 
patients ( N = 1,537,798) had the exercise vital sign in the 
electronic medical record [92]. The ACSM has developed 
online resources to assist the physician in the promotion of 
EIM, including a list of certified exercise professionals that 
can provide patients further guidance with physical activity 
out in the community [90]. A review of the physical activ-
ity counseling literature in primary care has identified that 
a physician partnership with an allied professional results in 
better long-term patient adherence to physical activity [93].

Behavior Change Counseling and Motivational 
Interviewing

Behavior change counseling in the medical setting has pro-
gressed from simple advice giving to structured brief inter-
ventions, [94] to strategic patient-centered methods of com-
munication, such as motivational interviewing [95, 96]. This 
latter approach has gained substantial empirical support as 
an effective option for physicians to counsel patients that are 
ambivalent or not ready to change behavior [97, 98]. It has 
been described as a teachable, collaborative, goal-oriented 
style of communication for eliciting and strengthening a per-
son’s own motivation to change [95, 96]. The distinct style, 
skills, and strategies that characterize the approach differ 

from traditional persuasive methods by enabling patients to 
discover their own intrinsic motivation for change, which 
is supported with strategic empathic listening. Patients are 
given the opportunity to partner with their health-care pro-
fessional to interpret personalized health information and 
identify solutions rather than being told what they must do. 
In the negotiation of a treatment plan, the health-care profes-
sional acknowledges the patient’s freedom to decide what, 
if anything, they will change when they leave the clinic. In 
a systematic review and meta-analysis of 72 randomized 
controlled trials, motivational interviewing outperformed 
traditional advice giving in approximately 80 % of the stud-
ies [97].

Motivational interviewing first demonstrated its efficacy 
in the treatment of substance abuse and addictions [99], but 
the evidence-base has continued to grow with successful ap-
plications to variety of clinical populations in health-care 
settings [97, 100]. Although grounded in psychology, the 
approach is not exclusive to counselors or psychologists. 
When effectively delivered, patients are more receptive to 
treatment recommendations, which makes consultations less 
frustrating for the physician. Improved behavioral and clini-
cal outcomes have even been observed in brief consultations. 
Therefore, it lends itself well to the primary care setting, 
where time is often a limiting factor [97, 101]. The USPSTF 
has recommended the systematic use of motivational inter-
viewing or brief interventions that include its key compo-
nents in primary care practice [102, 103].

An investigation of motivational interviewing training 
methods identified significant short-term gains in compe-
tency with participation in an interactive workshop. Longer-
term improvements in proficiency were observed with ongo-
ing feedback and supervision [104, 105]. Experienced train-
ers are available in the US and other regions of the world to 
provide this type of professional training to clinicians [106]. 
In addition, there are now several medical schools that have 
included motivational interviewing training in their academ-
ic program [107].

Conclusion

Niccolo Machiavelli, the sixteenth-century philosopher stat-
ed that “at the beginning a disease is easy to cure but difficult 
to diagnose; but as time passes, not having been recognized 
or treated at the outset, it becomes easy to diagnose but diffi-
cult to cure” [101]. This reminds us that preventive medicine 
is not a new concept. Historically, preventive services have 
not been at the forefront of mainstream health care in the US. 
However, the health-care system is on the cusp of a paradigm 
shift towards disease prevention and health promotion with 
the introduction of the Affordable Healthcare Act. Preventive 
medicine will be part of the solution as physicians consider 
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the best options to lower the burden of chronic disease at a 
time when patient volumes will reach a record high. There 
is compelling evidence to support the inclusion of lifestyle 
medicine and wellness within clinical practice. When deliv-
ered effectively, physicians will not only add years to a pa-
tient’s life, but more importantly life to those years.
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Introduction

Cardiovascular disease (CVD) remains the leading cause 
of death worldwide [1]. The most prominent risk factors 
for CVD include age, gender, obesity, smoking, diabetes, 
hypertension, and dyslipidemia [2]. During the past several 
decades, there have been major advances in treating CVD 
and its associated risk factors; it is now internationally 
accepted that the initiation and intensity of pharmacologi-
cal therapy for CVD prevention should be based on a pa-
tient’s baseline absolute CVD risk [3]. Absolute CVD risk 
can be determined through composite risk scores, which as-
sess multiple risk factors simultaneously to predict disease 
onset or outcomes and to help guide treatment. In order 
to be clinically useful, it is important to first understand 
the origin of the risk score in terms of the population and 
outcome that it was developed for and second that the risk 
model is updated when new evidence arises. Within the 
past several decades, there have been numerous updates to 
older risk scores as well as the development of new risk 
scores that assess several chronic conditions. Thus, choos-
ing the most appropriate risk assessment model for patients 
can be difficult. Furthermore, no single risk algorithm can 
account for all relevant risk factors for CVD, and there-
fore patients may still exhibit residual cardiovascular risk, 
which is the risk of experiencing a cardiovascular event 
even when patients achieve target levels of metabolic risk 
factors [4]. Conversely, they may not experience CVD even 
though their predicted risk level is high. Lifestyle manage-
ment, including diet, physical activity, smoking cessation, 
and weight management, remains the cornerstone of both 
CVD prevention and residual cardiovascular risk reduc-
tion [3, 4]. Further, several pharmacological agents have 
been identified that may help alleviate the burden of abso-
lute and residual cardiovascular risk [5]. Importantly, risk 
assessment is only useful if a patient understands what their 
risk means and what they need to do to improve their risk. 
Therefore, optimal risk communication between health pro-
fessional and patient is necessary for optimal patient care. 
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This review will describe the development and clinical 
utility of the Framingham Risk Score, the Reynolds Risk 
Score, the Pooled Cohort Equations, lifetime risk scores, 
the metabolic syndrome (MetS), the Edmonton Obesity 
Staging System, and the Cardiometabolic Disease Staging 
System. Residual cardiovascular risk and patient communi-
cation will also be discussed.

Framingham Risk Score

Some of our greatest understanding of the underlying causes 
of CVD derives from the Framingham Heart Study. The Fram-
ingham Heart Study was developed in Framingham, MA, 
in 1948, and the original cohort included 5209 adults, ages 
30–62 years, who initially did not have CVD. This cohort 
has been followed since 1948 and has provided rich epide-
miological data on the development of CVD [6]. From these 
data, the Framingham Risk Score was developed to estimate 
absolute CVD risk and is the oldest and most widely used 
and studied CVD risk score available [7]. To date, multiple 
risk scores for coronary heart disease (CHD) and CVD have 
been developed and modified over time using data from the 
Framingham original cohort as well as the offspring cohort.

Due to the ongoing nature of the Framingham Heart 
Study, the algorithm has been revised over time to reflect 
the latest evidence (Table 5.1). The very first risk equation 
for CHD from the Framingham Heart Study was developed 
in 1967; [8] however, this equation was not validated and 
for the most part was not used clinically [9]. Subsequent-
ly, an 8-year risk of general CVD and specific subtypes of 
CVD was developed in 1976 [10]. This demonstrated that 
CVD is actually a heterogeneous condition, wherein some 
CVD risk factors are more relevant for certain subcompo-
nents of CVD. For example, systolic blood pressure (SBP) is 
particularly important for stroke risk, whereas smoking and 
glucose intolerance may be more important for risk of inter-
mittent claudication. This study also highlighted that certain 
risk factors have a risk continuum that should not be simply 
dichotomized into high and low. For example, CVD risk is 
proportional to the level of SBP and cholesterol, and there 
is no threshold for where risk begins to increase. Finally, 
this study demonstrated that an individual with a cluster-
ing of multiple subclinical risk factors might be more at risk 
than an individual with a single high-risk factor. In 1991, a 
new algorithm for 10-year risk of CHD was developed, and 
it was the first time that a points system was developed in 
order for clinicians to do a simple assessment of absolute 
CHD risk [11]. In 1998, a simplified sex-specific 10-year 
CHD prediction model that included age, diabetes status, 
smoking status, blood pressure, total cholesterol (TC), and 
high-density lipoprotein cholesterol (HDL-C) was devel-
oped (Table 5.1) [12]. This Framingham CHD risk score was 
adapted and incorporated into the National Cholesterol Edu-

cation Program Expert Panel on Detection, Evaluation, and 
Treatment of High Blood Cholesterol in Adults (NCEP ATP 
III) as part of their updated recommendations for screening 
and treatment of dyslipidemia in 2001 [13]. According to 
the ATP III, the intensity of risk reduction therapy should 
be adjusted to reflect an individual’s level of absolute risk. 
One of the changes in this version of the Framingham CHD 
risk score by the ATP III was that it did not include diabetes 
but considered the presence of diabetes as the equivalent of 
having CHD.

The most recent adaptation of the Framingham Risk 
Score is a general cardiovascular risk profile that predicts 
risk of developing general CVD and the individual CVD 
components (CHD, stroke, peripheral artery disease, and 
heart failure; comparable to disease-specific algorithms) for 
use in primary care (Table 5.1) [2]. The risk factors included 
in the algorithm are age, TC, HDL-C, SBP, blood pressure 
treatment, smoking status, and diabetes status. Importantly, 
for the first time, a simple CVD risk score was developed for 
when blood measures are not available, allowing the physi-
cian to immediately assess the 10-year CVD risk of the pa-
tient by using age, body mass index (BMI), SBP, antihyper-
tensive medication use, current smoking, and diabetes status.

A limitation to the Framingham Risk Score was that it 
was derived from a single community in the USA that was 
predominantly middle-aged and white. Others have also 
criticized the Framingham Risk Score because the Fram-
ingham population tended to be “high risk” to begin with, 
having high levels of hypercholesterolemia, dietary intake 
of saturated fat, smoking, and other CVD risk factors [9]. A 
systematic review of studies that compared predicted Fram-
ingham 10-year CHD or CVD risk scores with observed risk 
reported that the accuracy of the risk score varied widely 
between populations and that the more high-risk the popula-
tion, the greater the degree of underestimation [14]. Further-
more, a recent review observed that the majority of cross-
sectional and cohort studies that have used the Framingham 
Risk Score applied it to populations (e.g., human immunode-
ficiency virus (HIV) or rheumatoid arthritis) and outcomes 
(non-CHD events) for which the scores were not originally 
developed [15]. Others have reported that the Framingham 
Risk Score overestimate CHD risk in populations from the 
UK, Belfast, and France [16] as well as in African Carib-
bean adults [17], while underestimating risk in white Euro-
pean and South Asian women [17]. There is also evidence 
that the Framingham Risk Score may grossly underestimate 
CVD mortality rate in low socioeconomic populations [18]. 
Among different ethnic cohorts in the USA, the Framingham 
Risk Score performed reasonably well in black and white 
men and women but overestimated risk in Japanese Ameri-
can and Hispanic men and Native American women. How-
ever, recalibrating the scores to take into consideration the 
prevalence of risk factors and underlying rates of developing 
CHD within different populations improves the predictive 
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accuracy [19]. Therefore, when utilizing the Framingham 
Risk Score in populations that are not similar to the Fram-
ingham cohort, recalibration should be considered.

Despite the demonstrated ability of Framingham to predict 
CVD risk, some individuals who have low CVD risk will still 
experience a cardiac event, just as some persons with high 
risk will never develop CVD. This is termed residual risk 
and is the individual risk that is not accounted for by the risk 

algorithms. Residual risk exists for all algorithms and may be 
due to factors that are associated with CVD, but not included 
in the models, or they result from suboptimal assessment of 
predictive factors. Accordingly, some investigators have at-
tempted to determine if the clinical utility and residual risk 
of the Framingham Risk Score could be improved by adding 
additional variables to the model. Wang et al. (2006) reported 
that the addition of nontraditional biomarkers, such as high-

Table 5.1  Comparisons among the Framingham Risk Score for coronary heart disease (CHD) and cardiovascular disease (CVD), the Reynolds 
Risk Score for CVD, and the Pooled Cohort Equations

Framingham 
12-year CHD 
risk score 
(1967) [8]

Framingham 
8-year CVD 
risk score 
(1976) [10]

Framingham 
10-year CVD 
risk score 
(1991) [11]

Framingham 
10-year CHD 
risk score 
(1998) [12]

Framingham 
ATP-III CHD 
risk score 
(2001) [13]

Framingham 
10-year gen-
eral CVD risk 
score (2008) 
[2]

Reynolds 
Risk Score for 
CVD (2007, 
2008) [28, 29]

Pooled Cohort 
Equations 
10-year ath-
erosclerotic 
CVD risk 
score [3]

Variables Age Age Age Age Age Age Age Age
TC TC TC TC TC TC TC TC
SBP SBP SBP SBP SBP SBP SBP SBP
Smoking Smoking Smoking Smoking Smoking Smoking Smoking Smoking
ECG-LVH ECG-LVH ECG-LVH

HDL-C HDL-C HDL-C HDL-C HDL-C HDL-C
Relative 
weight

HBP 
medication

HBP 
medication

HBP 
medication

Diabetes Diabetes
A1C Glucose 

intolerance
Diabetes Diabetes

hs-CRP
Family his-
tory of prema-
ture MI
A1C (women 
with T2D 
only)

End-point MI, coronary 
insufficiency, 
angina pec-
toris, death 
from CHD

CHD, 
congestive 
heart failure, 
cerebrovas-
cular disease, 
intermittent 
claudication

MI, CHD, 
death from 
CHD, stroke, 
CVD, death 
from CVD

Angina 
pectoris, MI, 
coronary 
insufficiency, 
CHD death

MI, CHD 
death

CHD, 
cerebrovas-
cular events, 
peripheral 
artery disease, 
heart failure

MI, ischemic 
stroke, coro-
nary revas-
cularization, 
cardiovascu-
lar death

CHD death, 
nonfatal MI, 
fatal stroke, 
non-fatal 
stroke

Population 
derived

Framingham 
original 
cohort

Framingham 
original 
cohort

Framingham 
original and 
offspring 
cohorts

Framingham 
original and 
offspring 
cohorts

Modified 
Framingham 
CHD risk 
score

Framingham 
original and 
offspring 
cohorts

Women’s 
health study 
and physi-
cian’s health 
study II

ARIC study, 
Cardiovas-
cular Health 
Study, CAR-
DIA study 
Framingham 
original and 
offspring 
cohorts

N = 2187 N = 5209 N = 5573 N = 5345 N = 8491 N = 24 558 
women
Age: 45 + 
year

N = 24,626

Age: 30–62 
years

Age: 35–64 
years

Age: 30–74 
years

Age: 30–74 
years

Age: 30–74 
years

N = 10 724 
men Age: 
50–80 years

Age: 40–79 
years

ATP III Adult Treatment Program III, TC  cardiovascular disease, SBP  systolic blood pressure, ECG-LVH electrocardiogram left ventricular 
hypertrophy, MI  myocardial infarction, HDL-C high-density lipoprotein cholesterol, HBP high blood pressure, hs-CRP high-sensitivity C-reactive 
protein, A1C hemoglobin A1c, ARIC Atherosclerosis risk in communities study, CARDIA coronary artery risk in young adults study
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sensitivity C-reactive protein (hs-CRP), to conventional risk 
factors in the Framingham CHD risk scores had only small 
improvements for classifying risk [20]. However, another 
study reports that less than 50 % of patients who presented 
with myocardial infarction (MI) would be classified as high 
risk and be considered for intensive lipid-lowering therapy 
using common CVD risk scores (Framingham, Reynolds, 
PROCAM, ASSIGN, QRISK, and SCORE). However, with-
in these algorithms, Framingham tended to classify patients 
as higher risk than the other algorithms. The study suggests 
that additional measures, such as high coronary artery cal-
cium score or carotid artery plaques, may improve discrimi-
nation and that adding these risk factors to current algorithms 
may improve the classification of CVD risk [21]. Others 
have suggested that adding carotid intima thickness, ankle 
brachial index, or hs-CRP to the Framingham models could 
potentially improve classifying CVD risk in individuals [22–
24]. However, the cost-effectiveness or clinical feasibility of 
testing these biomarkers in practice is not known.

Another commonly cited CVD risk factor that is not cur-
rently used in the Framingham Risk Score is history of pre-
mature parental CVD, even though this variable was report-
ed to be an independent predictor of future CVD in the Fram-
ingham Offspring Cohort [25]. Accordingly, the Update of 
the Canadian Cardiovascular Society for the Diagnosis and 
Treatment of Dyslipidemia proposed that the Framingham 
CVD risk score be doubled when an individual has a family 
history of premature CVD [26]. However, Stern et al. [27] 
stated that clinicians should not use this modified score as 
there is no hard evidence to justify including family history 
in the algorithm, and besides, Framingham researchers re-
ported that inclusion of parental data in the model increases 
predictive accuracy only to a small extent.

Finally, lifestyle modification behaviors, particularly diet 
and physical activity, are also associated with CVD risk and 
play a large role in CVD prevention [3]. However, none of 
the Framingham models, or any other CVD risk equation, 
include diet or physical activity in their risk algorithms. This 
may be because information for diet and physical activity 
is assessed using many different methods and is often con-
sidered unreliable as it is assessed using self-reported data. 
Nonetheless, information about a patient’s current diet and 
physical activity should be obtained during initial risk as-
sessment and may be particularly important for estimating 
residual CVD risk.

In summary, the Framingham Heart Study has provided a 
wealth of knowledge about the major risk factors for CVD. 
Although some have challenged the clinical utility of the 
Framingham Risk Score in certain populations, these scores 
have been used in many different countries and populations 
to assess CVD risk and help guide treatment. Whether or not 
additional variables beyond the traditional risk factors could 
be used to better discriminate individuals at high risk of CVD 
is currently not known and requires further investigation.

Reynolds Risk Score

Like the Framingham Risk Score, the Reynolds Risk Score 
is an algorithm that predicts 10-year risk of CVD but in-
cludes hs-CRP and family history of MI in its algorithm. 
Dr. Paul Ridker and colleagues developed and validated the 
model for women in 2007 [28] and for men in 2008 [29]. 
Prediction algorithms were derived using data from 24,558 
female health professionals in the Women’s Health Study 
aged 45 years and older and 10,724 men from the Physi-
cians Health Study II aged 50–80 years old. The variables 
used in the Reynolds Risk Score are hs-CRP, parental his-
tory of premature MI, SBP, TC, HDL-C, current smoker, 
and hemoglobin A1c (HbA1C; for females with diabetes 
only; Table 5.1).

The Reynolds Risk Score was derived using data from 
predominantly white adults from a high socioeconomic 
background. Therefore, as with the Framingham Risk Score, 
extrapolation to more ethnically and socioeconomically di-
verse populations, populations under 45 years for women, 
and under 50 years for men should be interpreted with 
caution. Another limitation is that the algorithm is based 
on self-report data for blood pressure in females and self-
report BMI in males. Both the Framingham ATP-III CHD 
risk score and the Reynolds Risk Score are recommended 
for use by the American College of Cardiology (ACC) and 
the American Heart Association (AHA) and are also used 
as part of the national guidelines for CVD prevention in 
Canada. However, the few studies that have compared the 
Framingham and Reynolds scores often show that predicted 
CVD risk varies widely between the models. For example, 
the Reynolds Risk Score reclassified a number of adults 
into more appropriate risk categories and was reported to 
be a better predictor of CHD compared to the Framingham 
ATP-III model [28, 29]. However, this analysis may have 
been biased as it used the same population that was used to 
originally develop the Reynolds Risk Score. Another study 
reported that among a large multiethnic cohort of women, 
the ATP-III and Framingham CVD score overestimated risk 
for CHD and CVD, while the Reynolds Risk Score was 
better at classifying risk in black and white women [30]. 
Furthermore, another US study suggests that 4.7 % of US 
women would require more intense lipid management if the 
Reynolds Risk Score was used instead of the Framingham 
Risk Score. Conversely, 10.5 % of US men would require 
less intense lipid management if the Reynolds Risk Score 
was used in place of the Framingham Risk Score [31]. Thus, 
the relative clinical utility of Reynolds versus Framingham 
is unclear.

In summary, the best approach for CVD evaluation and 
prevention is to routinely test the patient for CVD risk fac-
tors and to use a risk score assessment. Although neither 
the Framingham Risk Score nor the Reynolds Risk Score 
are without limitation, assessing CVD risk is important to 
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optimize preventive treatments and to guide therapy. Clearly, 
more research is needed to compare the clinical utility be-
tween the two risk scores.

ACC/AHA Guidelines for Assessing 
Cardiovascular Risk (Pooled Cohort Equations)

In 2013, the ACC and AHA provided updated guidelines for 
the assessment of CVD risk [3]. These guidelines include 
new Pooled Cohort Equations that predict 10-year athero-
sclerotic CVD risk in non-Hispanic black and white adults 
age 40–79 years with no clinical signs or symptoms of ath-
erosclerotic CVD (Table 5.1). The new Pooled Cohort Equa-
tions were derived using cohort data from Atherosclerosis 
Risk in Communities (ARIC), Cardiovascular Health Study, 
Coronary Artery Risk Development in Young Adults (CAR-
DIA), and Framingham original and offspring study cohorts. 
The sex- and race-specific risk algorithms predict 10-year 
risk of initial hard atherosclerotic CVD events, including 
nonfatal MI or CHD death and fatal and nonfatal stroke [3]. 
The variables used in the algorithm are the same as those 
used in the Framingham CVD risk models and include age, 
TC, HDL-C, SBP, blood pressure treatment status, diabetes, 
and current smoking status. The guidelines recommend ini-
tiation of statin treatment in patients with high 10-year ath-
erosclerotic (AS) CVD risk (≥ 7.5 %) and consideration of 
statin treatment in patients with intermediate risk (5−7.5 %). 
This translates into about one in three American adults being 
considered for statin therapy based on these guidelines [3]. 
These thresholds are considerably lower than the 20 % high-
risk and 10−20 % intermediate-risk thresholds suggested in 
the ATP-III guidelines [13], and thus, more adults would be 
considered for statin therapy if these guidelines are imple-
mented in clinical practice.

The guidelines also assessed the clinical utility of includ-
ing novel risk factors for atherosclerotic CVD risk predic-
tion, including family history of premature CVD, hs-CRP, 
coronary artery calcium, ankle-brachial index, coronary 
intima media thickness, apolipoprotein B, albuminuria, glo-
merular filtration rate, and cardiorespiratory fitness. It was 
recommended that if a risk-based treatment decision is still 
uncertain after initial risk assessment, a family history of 
premature CVD or measurement of hs-CRP, coronary artery 
calcium, or ankle-brachial index may be considered and that 
coronary artery calcium is likely the most clinically useful 
novel risk factor in adults with intermediate atherosclerotic 
CVD risk. However, the guidelines advise against measuring 
coronary intima media thickness in routine clinical practice 
due to concerns about measurement quality. Furthermore, 
there was insufficient evidence to recommend for or against 
measuring apolipoprotein B, albuminuria, glomerular fil-
tration rate, or cardiorespiratory fitness for atherosclerotic 
CVD risk assessment [3].

The Pooled Cohort Equations have a demonstrated abil-
ity to estimate risk for both fatal and nonfatal MI and stroke 
and the ability to provide specific risk estimates for non-
Hispanic blacks. Although not yet validated, the guidelines 
suggest that the equation for non-Hispanic whites may be 
used in other ethnic groups until ethnic-specific algorithms 
are developed. However, the Pooled Cohort Equations may 
overestimate atherosclerotic CVD risk in East Asian Ameri-
cans and may underestimate risk in First Nation Americans 
and South Asian Americans [3]. Others have also criticized 
the new guidelines for excluding family history of premature 
CVD in the models, as well as including stroke as an end-
point, because it renders the algorithms much more sensitive 
to age and, additionally, because only ~ 40 % of strokes are 
the result of large-vessel atherosclerotic CVD [32].

Attempts to examine the validity of the Pooled Cohort 
Equations in other cohorts have resulted in mixed findings. 
One study reported that the Pooled Cohort Equations accu-
rately predicted 5-year incident atherosclerotic CVD in non-
Hispanic white and black adults from the REGARDS study 
[33]. Conversely, the Pooled Cohort Equations overestimated 
10-year CVD risk in non-Hispanic white and black adults 
from the MESA study, the REGARDS study, newer follow-
up data from ARIC, and the Framingham study [34]. The 
Pooled Cohort risk equations were also found to overesti-
mate 10-year atherosclerotic CVD risk by 75−150 % in three 
large-scale US cohorts that were predominately made up of 
low-risk white individuals [34]. Moreover, among healthy 
European adults in the Rotterdam Study, the Pooled Cohort 
Equations greatly overestimated atherosclerotic CVD risk, 
and substantially more men and women would have been eli-
gible for statin initiation based on these guidelines compared 
to the ATP-III guidelines or the European Society of Cardiol-
ogy guidelines [35]. These results question the validity of the 
new Pooled Cohort risk equations, particularly in populations 
other than non-Hispanic white and black US adults. Clearly, 
more studies are needed to investigate if these risk equations 
are valid among individuals from other ethnic groups and 
countries and if they truly do provide better risk discrimina-
tion compared to more established CVD risk algorithms.

Lifetime Cardiovascular Risk

Lifetime cardiovascular risk is defined as the cumulative 
risk of developing CVD throughout the remainder of a per-
son’s life [36]. Recently, there has been much discussion 
on the clinical utility of assessing lifetime CVD risk. Some 
argue that because short-term risk equations are strongly 
age-dependent, many younger individuals with adverse risk 
profiles who have a high long-term risk are often “over-
looked” when it comes to risk discussion and therapy ini-
tiation because their short-term risk is low [37]. As well, it 
has been reported that only assessing risk over 5–10 years 
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restricts our appreciation of the true importance of the modi-
fiable factors that cause CVD and, further, that lowering cho-
lesterol has greater benefit if done earlier in life than later 
[38]. Indeed, life-time risk may be a clinically useful measure 
in those with low short-term but high long-term risk [39].

Several studies have attempted to assess the lifetime risk 
of CVD. In 2006, the first lifetime risk estimates for devel-
oping CVD at age 50 were estimated using Framingham 
data, and it was shown that lifetime risk is highly dependent 
on the number of elevated risk factors [40]. For example, 
men and women with an optimal risk factor profile at age 50 
(only 3.2 % of men and 4.5 % of women) had a relatively low 
lifetime CVD risk, whereas those with at least two major risk 
factors had lifetime risks that exceeded 50 % [40]. Similar 
findings were confirmed in another study that also showed 
that the effect of risk factor burden on lifetime CVD risk 
was similar in black and white adults and across different 
birth cohorts [41]. In 2009, a 30-year model for risk of de-
veloping hard CVD was developed using Framingham data. 
This analysis demonstrated that 10-year CVD risk was very 
low for adults in their 20s and 30s, regardless of risk fac-
tors but that those with multiple elevated risk factors had 
30-year risk profiles that were up to ten times higher [42]. 
Finally, Wilkins et al. (2012) reported that although middle-
aged adults with an optimal risk factor profile have a lower 
absolute risk than middle-aged adults with one elevated risk 
factor, they still have a high absolute lifetime CVD risk of 
30−40 % [43]. This reiterates the importance of maintaining 
a healthy lifestyle throughout life for CVD prevention.

Thus, although there is not yet a general consensus that 
lifetime CVD risk should be used in clinical practice, there 
is evidence that many adults have a high lifetime risk of 
CVD, particularly young adults with adverse risk factors, 
males, nonwhite adults, and those with a family history of 
premature CVD [37]. Assessing lifetime CVD risk may be 
beneficial in these populations as this could initiate discus-
sion about lifestyle modification or consideration of early 
pharmacologic intervention that may not be apparent if using 
only short-term algorithms. However, a validated method of 
measuring lifetime risk that is applicable for different popu-
lations has yet to be established.

Residual Cardiovascular Risk

An important yet often under acknowledged concept to con-
sider when assessing risk for any patient is that of residual 
risk. Residual risk is any difference in predicted risk that is 
not accounted for by the risk algorithm, which is why some 
individuals still experience a cardiac event even if metabolic 
targets are met or why some individuals will not have car-
diac events even though their predicted risk is high [44]. All 
risk algorithms have an error component as no algorithm has 

a perfect model fit. For most CVD risk algorithms, the c-
statistic (measure of discrimination) is usually between 0.70 
and 0.80, which means that the probability that the predicted 
absolute risk is higher in individuals who develop CVD ver-
sus those who do not is 70−80 %, meaning that there could 
be inaccurate risk ranking in up to a third of individuals. This 
error could be related to inappropriate cutoffs used for risk 
factors in the algorithm, error in assessment of the risk fac-
tors, or not including all relevant risk factors in the model for 
that individual. For example, factors such as diet and physi-
cal activity are associated with CVD and can modify the ef-
fects of other CVD risk factors, yet these variables are not 
included in CVD risk algorithms. Further, there is a host of 
measures for glucose control and metabolism or inflamma-
tion that could be included in algorithms, but due to cost and 
ease of assessment as opposed to biological relevance, the 
simpler measures are most often included.

Another possible reason for residual risk is that not all 
relevant risk factors may be targeted with statin therapy that 
specifically lowers LDL-C. Thus, atherogenic dyslipidemia, 
which is an imbalance of high triglycerides and low HDL-C, 
would not be improved by statin therapy and has been identi-
fied as a likely contributor to lipid-related residual cardiovas-
cular risk even when LDL levels are normal [4]. Some clini-
cal trials have shown that combining a statin with a fibrate, 
niacin, omega-3 fatty acid, or ezetimibe to lower triglyceride 
levels and increase HDL-C may better help to alleviate the 
burden of atherogenic dyslipidemia. However, there is little 
evidence for the effects of these agents on cardiovascular 
outcomes, and therefore large cardiovascular outcome trials 
are needed [5]. On the other hand, lifestyle modifications, 
including body weight reduction, healthy diet, and increased 
physical activity, are all associated with decreased triglycer-
ides and increased HDL-C, and are important factors for de-
creasing residual cardiovascular risk [45]. However, results 
from the Look AHEAD trial recently showed that intensive 
lifestyle modification was not enough to decrease cardio-
vascular deaths or events in adults with T2D compared to 
a control group despite significant improvements in meta-
bolic risk factors [46]. Therefore, lifestyle modification is 
important for improving the metabolic profiles of individu-
als at risk for CVD, but pharmacotherapy will likely also 
be necessary for preventing CVD deaths and events. Large 
cardiovascular outcome trials with novel lipid therapies for 
reducing atherogenic dyslipidemia and improving residual 
cardiovascular risk are eagerly awaited.

Metabolic Syndrome

MetS, sometimes referred to as syndrome X, insulin resis-
tance syndrome, cardiometabolic syndrome, or dysmetabol-
ic syndrome, is generally defined as a clustering of cardio-
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metabolic factors [47]. This term first appeared in PubMed 
in 1952, with only sporadic reports until the Banting Lecture 
in 1988 when Dr. Gerald Reaven described “Syndrome X” 
[48]. In 2001, the National Cholesterol Education Program 
introduced the first diagnostic criteria for MetS, and research 
on this topic increased exponentially with now over 31,000 
publications.

Despite the general consensus that MetS is a clustering 
of elevated fasting blood glucose and cardiovascular risk 
factors, there is debate as to which risk factors should be 
included in the diagnostic criteria, the thresholds for each 
criterion, and whether or not certain factors are central to 
the underlying pathology. Most commonly, increased waist 
circumference (WC), insulin resistance, dyslipidemia, and 
hypertension are included in the diagnostic criteria, with 
factors such as inflammation, kidney dysfunction [49], liver 
dysfunction, and ectopic fat deposition being suggested less 
frequently as features [50]. For example, both the World 
Health Organization (WHO) and the European Group for the 
Study of Insulin Resistance requires the presence of insulin 
resistance, but not necessarily obesity, to have the diagnosis 
of MetS [51, 52], while the International Diabetes Federa-
tion (IDF) requires the presence of abdominal obesity but not 
necessarily insulin resistance (Table 5.2) [53]. Of note, most 

definitions include WC as a component of the syndrome, 
but not BMI, due to excess abdominal fat being more highly 
associated with other components of MetS and its greater 
importance in the etiology of the syndrome [54]. The numer-
ous differing diagnostic criteria that include different factors 
and use various thresholds created confusion in the clinical 
community as to what MetS is and made research using the 
different criteria more difficult to compare. Differences in 
the factors and the thresholds used can alter the prevalence 
of MetS to range from 19 to 39 % [55] and how strongly it 
is associated with morbidity and mortality [56, 57]. Thus, in 
2009, there was a new harmonized diagnostic criteria that 
was jointly published by the International Diabetes Federa-
tion Task Force on Epidemiology and Prevention; National 
Heart, Lung, and Blood Institute; American Heart Associa-
tion; World Heart Federation; International Atherosclerosis 
Society; and International Association for the Study of Obe-
sity. This criteria does not require the presence of any one 
component but, similar to past criteria, requires three of five 
of the factors for the diagnosis of MetS [47] (Table 5.2).

In youth and adolescents, the optimal diagnostic criteria 
for MetS are even less clear. Over the course of pubertal 
development, there are fluctuations in the metabolic profile 
that are not well understood. Clear thresholds for delineating 

Table 5.2  Criteria for the metabolic syndrome according to the International Diabetes Federation (IDF), World Health Organization (WHO), 
European Group for the Study of Insulin Resistance (EGIR), National Cholesterol Education Program (NCEP), and the harmonized models

IDF [53] WHO [49] EGIR [52] NCEP [54] Harmonized [47]
Required 
criteria

Central obesity or BMI 
> 30 kg/m2

IFG, IGT, or T2D/insu-
lin resistance

Insulin resistance None None

Number of 
additional 
criteria

Any two of the 
following:

Two or more of the 
following:

Two or more of the 
following:

At least three of the 
following:

At least three of the 
following:

Central 
obesity

Ethnicity-specific WHR > 0.90 (males), 
WHR > 0.85 (females), 
and/or BMI > 30 kg/m2

WC ≥ 94 cm (males) 
and WC ≥ 80 cm 
(females)

WC ≥ 102 cm (males) 
and WC ≥ 88 cm 
(females)

High WC (population- 
and country-specific)

Triglycerides ≥ 1.7 mM or drug 
treatment

> 1.7 mM > 2.0 mM
or drug treatment

≥ 1.7 mM or drug 
treatment

≥ 1.7 mM or drug 
treatment

HDL-C Males < 1.03 mM, 
females < 1.29 mM, or 
drug treatment

< 0.9 mM (males) and 
< 1.0 mM (females)

< 1.0 mM
or drug treatment

< 1.03 mM (males), 
< 1.3 mM (females), or 
drug treatment

< 1.0 mM (males), 
< 1.3 mM (females), or 
drug treatment

Blood 
pressure

SBP ≥ 130 mm Hg or 
DBP ≥ 85 mm Hg or 
drug treatment

≥ 140/90 mm Hg ≥ 140/90 mm Hg or 
drug treatment

SBP ≥ 130 mm Hg or 
DBP ≥ 85 mmHg or 
drug treatment

SBP ≥ 130 mm Hg or 
DBP ≥ 85 mm Hg or 
drug treatment

Fasting 
plasma 
glucose

5.6 mM or T2D IFG, IGT, or T2D: 
FGlu > 6.1 mM or 
OGTT ≥ 7.8 mM

≥ 6.1 mM (but 
nondiabetic)

≥ 6.1 mM or drug 
treatment

≥ 6.1 mM or drug 
treatment

Insulin 
resistance

– As measured by hyper-
insulemic euglycemic 
clamp

Top 25 % of the fasting 
insulin values among 
nondiabetic individuals

– –

Microalbu-
minuria

– Excretion rate 
≥ 20 µg/min or 
albumin:creatinine ratio 
≥ 30 mg/g

– – –

HDL-C high-density lipoprotein cholesterol, SBP systolic blood pressure, DBP diastolic blood pressure, IGT impaired glucose tolerance, IFG 
impaired fasting glucose, WHR waist to hip ratio, OGTT oral glucose tolerance test, T2D type-2 diabetes, WC waist circumference, BMI body 
mass index
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healthy versus not healthy are not widely accepted. Conse-
quently, it is not surprising that there are a variety of MetS 
criteria that have been developed using a mix of mainly age 
and sex percentiles or adult thresholds. These variations 
have resulted in a MetS prevalence that ranges between 6 
and 39 % [58]. Thus, as with adults, this has led some to 
question the clinical usefulness of MetS [59].

In addition to the problematic diagnosis of MetS, there 
is also a debate as to the central importance of insulin sensi-
tivity versus obesity as reflected by the disparate diagnostic 
criteria by WHO and IDF that require the presence of one 
versus the other. In order for MetS to be a “syndrome,” there 
must be an underlying pathology or cause [60]. In his Ban-
ting Lecture in 1988 [48], Reaven proposed that insulin re-
sistance was central to the development of these cardiometa-
bolic factors but did not include obesity as one of the factors 
in the syndrome. Interestingly, he did suggest that treatment 
for MetS should be weight maintenance (or weight loss) and 
physical activity [48]. To date, there have been several ex-
aminations into the relative importance of insulin resistance 
and obesity with varying conclusions. To date, research has 
demonstrated that most, but not all, individuals diagnosed 
with ATP III [61] or IDF [62] are insulin resistant. Similarly, 
most, but not all, individuals with MetS are obese [63, 64]. 
This may be due to suboptimal diagnostic criteria for MetS, 
suboptimal assessment of insulin resistance or obesity, or 
may reflect that MetS is not truly a syndrome but more sim-
ply an array of risk factors or conditions without clear rela-
tionships.

In addition, several investigations on the association be-
tween MetS and mortality risk place doubt on whether MetS 
is in fact a “syndrome” with a singular pathology and ques-
tion whether MetS can uniquely identify risk beyond its indi-
vidual factors [65]. MetS by most criteria is the compilation 
of 16 different metabolic factor combinations [63]. These 
combinations differ in their prevalence by age and sex and 
also in how they relate with mortality risk [63, 66]. Further-
more, some reports suggest that WC alone may be a better 
indicator of insulin resistance in young black South African 
women than ATP III MetS criteria [67]. Additionally, several 
reports indicate that MetS is much more strongly related to 
T2D risk than to CVD [68], largely owing to three of five 
factors (glucose, obesity, and triglycerides) being more pre-
dictive of T2D risk [69]. In fact, some studies demonstrate 
that certain MetS criteria are not predictive of all-cause or 
CVD morality risk [70]. Moreover, some studies indicate 
that MetS does not perform as well as traditionally used 
CVD risk algorithms, such as Framingham [71, 72]. This dif-
ference can be attributed to several mathematical as well as 
biological factors. Mathematically, the reduction of the five 
MetS criteria to a dichotomy reduces the information avail-
able and can only be used to provide relative risk estimates, 
as opposed to the Framingham algorithm that provides an 

absolute risk for CVD. From a biological standpoint, MetS 
does not consider clearly established non-metabolic CVD 
risk factors, such as age and smoking status, explaining why 
the relative risk estimates are inferior to Framingham. For 
these reasons, the clinical utility of MetS has been ques-
tioned [65] and may be why MetS is rarely diagnosed by 
clinicians [73].

Dysmetabolic syndrome is officially recognized as a 
medical diagnosis and is coded as ICD-9-CM 277.7. This 
code was replaced with ICD-10-CM E88.81 (metabolic syn-
drome) in October 2015. This is a billable medical code that 
can be used to specify a diagnosis on a reimbursement claim, 
formalizing the clinical diagnosis of this syndrome. How-
ever, Ford (2005) reported that 2 years after the release of the 
ICD-9-CM 277.7 code, very few patients had MetS listed as 
a diagnosis on medical records, suggesting that MetS is sig-
nificantly underdiagnosed in patients [73]. The reasons for 
this are uncertain but may be related to the lack of pharma-
cological agents specifically for MetS.

Currently, the main lifestyle treatment goal of weight 
management and increasing physical activity for MetS has 
not changed from Dr. Reaven’s Banting Lecture in 1988 
[54]. Dietary approaches are also suggested for many MetS 
factors. However, the factors differ in the types of therapeu-
tic dietary approaches used, though sharing some similar ap-
proaches. For example, the Dietary Approaches to Stop Hy-
pertension (DASH) recommends restricting sodium intake 
as an important dietary intervention for hypertension [74], 
but less important for weight, glucose, or lipid management. 
Dietary management for T2D also has recommendations for 
sodium intake but will focus more on caloric reduction and 
glycemic index [75]. Similarly, pharmacological interven-
tions are generally not tailored directly for MetS due to the 
heterogeneous presentation of risk factors. Thus, pharmaco-
logical interventions are generally targeted for each specific 
risk factor as opposed to “metabolic syndrome” as a whole. 
However, in understanding how MetS factors are interre-
lated in the same metabolic pathways, Ye et al. [76] have 
been able to design a unique pharmacotherapy that is able to 
simultaneously improve hypertension, hyperglycemia, obe-
sity, and dyslipidemia in mice. Briefly, the antihypertensive 
alpha-2 adrenergic receptor agonist guanabenz activates a 
synthetic signal cascade that influences secretion of gluca-
gon-peptide 1 (GLP-1) and leptin; these coordinated events 
attenuate blood pressure, blood glucose, blood lipids as well 
as reduced appetite and body weight [76].

Despite the limitations in comprehensively assessing, di-
agnosing, and treating MetS, the research on MetS has high-
lighted how T2D and CVD risk factors tend to cluster togeth-
er, prompting assessment of other cardiometabolic risk fac-
tors when one is detected [77]. Nevertheless, although MetS 
is frequently the topic of research investigations, there is still 
debate on whether MetS can truly be called a “syndrome.” In 
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conjunction with the rare clinical diagnosis and the lack of 
pharmacological options, the clinical relevance of MetS has 
yet to be established.

Edmonton Obesity Staging System

The Edmonton Obesity Staging System (EOSS) is a model 
developed by Dr. Arya Sharma and Dr. Robert Kushner in 
2009 that evaluates obesity-related health risk and recom-
mends treatment according to the severity of risk [78]. The 
stages range from 0 to 4, indicating no obesity-related risk 
factors to severe end-stage disease. Unlike many of the other 
composite score models, EOSS considers not only metabolic 
risk factors (e.g., blood pressure) but also physical symp-
toms (e.g., aches and pains), psychopathology (e.g., depres-
sion), and functional ability and well-being in order to assess 
the overall health of the individual (Table 5.3).

The main reason why EOSS was developed was to indi-
vidualize assessments since two people with similar levels 
of body fatness can have vastly different states of health. 
It was also proposed that a staging system would allow for 
the prioritization of treatment to patients who would most 
benefit from aggressive and resource-intensive weight man-
agement treatment. According to the current guidelines for 
weight management, all patients with obesity, regardless of 
their health risk profile, should be counseled to lose weight 
[79]. However, there exists a subgroup of obese individuals, 
commonly referred to as the “metabolically healthy obese,” 
who are free from metabolic complications and may repre-
sent 6–32 % of the obese population [80, 81]. There is also 
evidence that weight loss in the metabolically healthy obese 
may not improve cardiometabolic risk factors [82] and may 
even be detrimental to insulin sensitivity [83]. Therefore, a 
model such as the EOSS would allow proper counseling to 

Table 5.3  Comparisons between the Cardiometabolic Disease Staging System and the Edmonton Obesity Staging System
CDMS [88] EOSS [78]
Description/criteria Description/criteria Management

Stage 0 Metabolically healthy: no risk factors No apparent obesity-related risk fac-
tors, including physical symptoms, 
psychopathology, functional limita-
tions, or impairments in well-being

Identification of factors contributing 
to increased body weight. Provide 
counseling to prevent further weight 
gain through lifestyle measures, such 
as healthy diet and physical activity

Stage 1 One or two of the following: WC ≥ 112 cm 
(males) or ≥ 88 cm (females)
SBP ≥ 130 mm Hg or DBP ≥ 85 mm Hg or on 
antihypertensive medication
HDL-C < 1.0 mM (males) or < 1.3 mM (females) 
or on lipid medication
TG ≥ 1.7 mM or on lipid medication

Presence of obesity-related subclinical 
risk factors, mild physical symptoms, 
psychopathology, functional limita-
tions, and/or impairment of well-being

Investigation for non-weight-related 
contributors to risk factors. Provide 
counseling for more intense lifestyle 
interventions, including diet and exer-
cise to prevent further weight gain. 
Continuously monitor risk factors and 
health status

Stage 2 Metabolic syndrome or prediabetes: Only one of 
the following:
Metabolic syndrome (> 3): high WC
high blood pressure
low HDL-C
high triglycerides
IFG (fasting glucose ≥ 5.6 mM)
IGT (2-h glucose ≥ 7.8 mM)

Presence of established obesity-related 
chronic disease and moderate limita-
tions in activities of daily living and/or 
well-being

Initiation of obesity treatments includ-
ing considerations of all behavioral, 
pharmacological, and surgical treat-
ment options. Close monitoring and 
management of comorbidities as 
indicated

Stage 3 Metabolic syndrome + prediabetes: Any two of 
the following: Metabolic syndrome
IFG
IGT

Established end-organ damage such 
as myocardial infarction, heart failure, 
diabetic complications, incapacitating 
osteoarthritis, significant psychopa-
thology, significant functional limita-
tions, and/or impairment of well-being

More intensive obesity treatment 
including consideration of all behav-
ioral, pharmacological, and surgical 
treatment options. Aggressive manage-
ment of comorbidities as indicated

Stage 4 Presence of T2D and/or CVD: T2D:
Glucose ≥ 7.0 mM
or OGTT ≥ 11.0 mM
or medication active CVD (angina pectoris, or 
status post a CVD event such as acute coronary 
artery syndrome, stent replacement, coronary 
artery bypass, thrombotic stroke, nontraumatic 
amputation due to peripheral vascular disease)

Severe (potentially end-stage) dis-
abilities from obesity-related chronic 
diseases, including severe disabling 
psychopathology, functional limita-
tions, and/or impairment of well-being

Aggressive obesity management as 
deemed feasible. Palliative measures 
including pain management, occu-
pational therapy and psychosocial 
support

CDMS Cardiometabolic Disease Staging System, CVD cardiovascular disease, DBP diastolic blood pressure, EOSS Edmonton Obesity Staging 
System, HDL-C high-density lipoprotein cholesterol, IFG impaired fasting glucose, IGT impaired glucose tolerance, OGTT oral glucose tolerance 
test, T2D  type-2 diabetes, TG triglyceride, WC waist circumference
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these patients and more resource-intensive treatment to those 
who would benefit most from weight loss.

As EOSS is a relatively new model, few studies have in-
vestigated its clinical utility. The predictive ability of EOSS 
for mortality risk was investigated using data from the Aero-
bics Center Longitudinal Study. Compared to normal-weight 
adults, obese individuals in EOSS stage 0/1 had a similar all-
cause mortality risk and a lower CVD and CHD mortality risk, 
whereas individuals in stage 2 or 3 had higher all-cause, CVD, 
and CHD mortality risks [84]. Similarly, using data from the 
National Health and Nutrition Examination Survey, adults in 
EOSS stage 2 or 3 were at higher mortality risk than EOSS 
stage 0 or 1, independent of BMI, presence of MetS, hyper-
triglyceridemia, and WC [85]. These results provide further 
support that the EOSS may be a more relevant measure of 
assessing obesity-related health risk, compared to traditional 
anthropometric measures alone, and may be more useful in 
determining a proper prognosis and guiding treatment [85].

An advantage of using EOSS to guide weight manage-
ment is that it takes into consideration multiple aspects of 
health and not just body weight. A limitation to using EOSS 
is that not all of the risk factors may be directly caused by 
obesity (e.g., depression), which may make it difficult to de-
termine which stage a patient should be in. As well, some of 
the risk factors may be subjective and diagnosis may differ 
depending on the clinician (e.g., physical functioning) or pa-
tient demographic (e.g., age, sex, or ethnicity). Furthermore, 
this staging system has yet to be validated in clinical prac-
tice or be investigated in the context of specificity, sensi-
tivity, and reliability [78]. However, given that the widely 
used BMI tends to be a poor indicator of health status at the 
individual level, and that not all obese people present with 
comorbidities, the use of EOSS may prove to be a valuable 
clinical tool for the obese population.

Cardiometabolic Disease Staging System

Cardiometabolic risk is a ubiquitous term generally used to 
describe T2D and CVD risk factors. The term “cardiometa-
bolic risk” was first used as a keyword in a single publication 
in PubMed in 1999 [86] and did not appear again until 2005. 
Since then, the use of the term “cardiometabolic risk” has 
increased exponentially and is now a keyword for over 1800 
publications. In many of these publications, cardiometabol-
ic risk is defined using MetS diagnostic criteria. However, 
unlike MetS, which is a dichotomous outcome, cardiomet-
abolic risk is a spectrum of states that span from optimal 
health to prediabetes to MetS to overt T2D and CVD. The 
Cardiometabolic Disease Staging System (CMDS) was pub-
lished by Dr. Timothy Garvey and colleagues in 2014 and is 
the first defined cardiometabolic risk algorithm [87]. CMDS 
grades risk on a scale from 0 to 4 (Table 5.3), ranging from 
metabolically healthy to T2D and/or CVD. As with EOSS, 

CMDS is meant to help physicians objectively and system-
atically evaluate the severity of risk and balance the benefits 
versus the risks in deciding treatment interventions.

CMDS has been shown to predict incident 10-year T2D 
risk using data from CARDIA and CVD and all-cause mor-
tality risk using data from NHANES III [88]. Further, they 
demonstrate that CMDS is able to predict risk independent 
of BMI. However, this is the only report to date using this 
algorithm, and it is unclear how this staging system performs 
in relationship to other algorithms.

CMDS is similar to EOSS [78] in its aim in developing a 
systematic treatment algorithm for many of the same chronic 
conditions but can be applied in all populations as opposed 
to only overweight and obese. Because the treatment thera-
py for many of the chronic conditions listed under CMDS 
and EOSS are the same, the patient will still likely receive 
a similar message in terms of increasing physical activity, 
improving dietary practices, and receiving consideration for 
pharmacological intervention. However, the stage at which 
intervention occurs, and whether or not weight loss is pre-
scribed, may differ between the two models.

As with the various MetS criteria, there are differences in 
the centrality of the role of obesity versus insulin resistance 
in the etiology of cardiometabolic risk. The CMDS places in-
sulin resistance at the center of the etiology of risk and places 
a secondary emphasis on obesity, whereas EOSS places obe-
sity more centrally in the etiology of cardiometabolic, psy-
chological, and physical impairments. These differences in 
the etiology can translate into differences in the suggested 
treatment decision-making strategy and specifically whether 
or not weight loss would be prescribed. Interestingly, CMDS 
stages 1, 2, and 3 would all fall under EOSS stage 1. Under 
EOSS stage 1, the physician is prompted to investigate other 
non-weight-related factors contributing to the patient’s sub-
clinically elevated risk profile, including the prescription of 
more intense lifestyle interventions to prevent further weight 
gain. What is currently unclear is whether the same individ-
ual under CMDS stage 1, 2, or 3 would be suggested to lose 
weight as opposed to prevent further weight gain and at what 
stage that distinction would occur, if at all.

Both EOSS and the CMDS are relatively new models that 
have yet to be validated. However, given the ever-increasing 
prevalence of obesity and cardiometabolic disease, the clini-
cal utility of using either of these staging systems to assess 
and guide treatment seems promising and offers a more com-
prehensive treatment guide than body weight alone.

Patient Communication

Risk communication is defined as an open two-way ex-
change of information and opinion about risk, which leads 
to better understanding and decisions about clinical manage-
ment [89]. Despite guidelines advocating absolute CVD risk 
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assessment, some have expressed concerns that it is an unfa-
miliar concept to most people, that the equations are abstract 
constructs derived from mathematical equations, and that 
informing someone of their absolute risk is not very useful 
unless they are informed of how their risk would change if 
they improved their risk factors [90]. Evidence suggests that 
presenting risk in multiple ways is beneficial for patient un-
derstanding. Thus, presenting natural frequencies instead of 
relative risks [91] and using visual aids, such as graphs and 
pictures, may help to improve patient cognition of risk [92]. 
Recently, the “Your Heart Forecast” was developed as a way 
to convey to a patient through a series of graphs their 5-year 
CVD risk based on Framingham models, their 5-year CVD 
risk relative to a person of the same age with an optimal risk 
factor profile, their “cardiovascular age,” their short-term risk 
over time, predicted age of drug initiation, and what their risk 
would be if they improved on their current risk factors [90]. 
A method such as this has the potential to convey meaningful 
information to a patient that would likely be more useful than 
simply informing them of their absolute short-term risk [93].

It is also important to acknowledge that terms that are 
often associated with risk discussions, such as” low-risk,”, 
“high-risk,” “likely,” or “rare,” are very subjective and can 
be interpreted in different ways depending on the patients’ 
knowledge and past experiences [94]. Furthermore, there is 
evidence that both physicians and patients may struggle with 
interpreting statistical information, which, when poorly pre-
sented, can lead to inaccurate communication of risks [95]. 
Therefore, simplifying statistical information may also be 
helpful. For example, telling a patient that they have a 10 % 
risk of developing CVD within the next 10 years may be less 
intuitive than telling them that if there were 100 patients just 
like them, 10 would develop CVD over the next 10 years. 
Furthermore, changing the population that they are being 
compared to will also influence their relative risk score. So, 
the same individual with a 10 % 10-year risk may have a 
three-fold higher risk compared to an individual with an op-
timal risk factor profile. Thus, the reference population and 
the messaging used can have a large impact on patient under-
standing and interpretation of risk.

There is also evidence that general practitioners tailor the 
approach of risk communication depending on their percep-
tion of patient risk, motivation, and anxiety. For example, 
positive strategies that focus on achievable changes have 
been used when patients are at low risk and motivated to 
change lifestyle habits, whereas scare tactics have been used 
for high-risk patients or those who are dismissive about their 
health or unwilling to change their lifestyle habits [96]. As 
well, some practitioners may choose to mention CVD risk 
but not make it the main focus of a patient visit, particularly 
when patients are very resistant to discuss their CVD risk or 
when they have more important acute health issues to dis-
cuss [96].

With respect to obesity, it is important to acknowledge 
that body weight is a sensitive topic for most patients, with 
any insinuations of weight bias or weight stigma often af-
fecting attempts at weight loss. Simply telling a patient to 
“eat less and move more” is far too simplistic of an approach 
and can lead to feelings of frustration for the patient. If the 
patient has obesity-related morbidities, the patient’s readi-
ness to change should be assessed and any barriers to weight 
loss should be addressed. The patient should be made aware 
of the increased risk of disease associated with obesity, such 
as CVD, T2D, and certain cancers, and the potential health 
benefits of losing 5−10 % of body weight.

Thus, risk communication is not a simple “one size fits 
all” approach. A patient’s risk should be presented in multi-
ple ways that are simple and easy to understand. Health pro-
fessionals may consider tailoring their risk communication 
approach based on the patient’s attitudes towards their cur-
rent health and motivations about changing lifestyle factors 
or beginning pharmacotherapy. It is important to consider 
that risk scores were designed for populations, not individu-
als, and therefore when considering a person’s absolute risk, 
physician’s discretion is critically needed [34]. Further, al-
though risk estimates are intended to guide treatment, no risk 
score is perfect, and the patient should be informed of the re-
sidual cardiovascular risk that may persist even if metabolic 
goals are met and also that lifestyle modification is crucial 
for reducing residual risk and preventing CVD.

Conclusion

In conclusion, composite risk models advocate assessing 
health risk in order to prevent disease and to guide treatment. 
When selecting a composite risk model, it is important to be 
aware of the characteristics of the population and the spe-
cific outcomes the model was developed for, and to poten-
tially recalibrate the model to improve applicability. Some 
models, such as the Framingham Risk Score and MetS, are 
continuously revised over time to reflect current evidence 
of relevant risk factors. Conversely, because many of the 
currently available risk scores are relatively new, there has 
been a paucity of research that has directly compared simi-
lar risk models or validated them in different populations, 
making the clinical utility of such models often difficult to 
determine. Although health agencies recommend that the in-
tensity of treatment be based on initial risk assessment, more 
research that evaluates how risk assessment actually affects 
primary prevention or health outcomes is needed. Finally, 
risk assessment is only valuable if the patient understands 
their risk and what they need to do to improve their health. 
Patients should be made aware of the residual CVD risk that 
may persist even if they achieve treatment targets. More pa-
tient education on the benefits of lifestyle modification for 
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reducing this risk is also needed. Thus, optimal risk com-
munication between health care professionals and patients is 
vital for improving patient care.
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BN Bulimia nervosa
DSM-5 Diagnostic and Statistical Manual of Mental 

Disorders, Fifth Edition
EDE Eating disorder examination
EMR Electronic medical record
HAMD Hamilton Depression Rating Scale
HRQOL Health-related quality of life
IWQOL Impact of weight on quality of life
NES Night eating syndrome
PCOS Polycystic ovary syndrome
QEWP-R Questionnaire on Eating and Weight Patterns-

Revised
SSBs Sugar sweetened beverages
STAI State-Trait Anxiety Index
WALI Weight and Lifestyle Inventory

Introduction

The clinical assessment of lifestyle and behavioral factors 
that contribute to obesity can be performed by a number of 
health-care professionals and by a number of methods. Some 
physicians offering weight management treatment may wish 
to evaluate these factors personally. Other physicians, partic-
ularly those working in a multidisciplinary team, may have 
physician extenders—nurse practitioners, nurses, dietitians, 

or behaviorists—evaluate patients’ lifestyles. Many of those 
extenders may eventually serve as the primary treatment 
coordinators. Thus, asking patients about these issues pro-
vides an opportunity to begin to develop rapport and a strong 
clinical relationship. Much of the assessment involves direct 
questioning of the patients’ history and current behavioral 
factors that have contributed to the development of excess 
weight. Specific domains, such as eating behavior, physi-
cal activity, and psychosocial status, can also be assessed by 
patient-reported outcome measures. Many of these are psy-
chometrically validated tools that have been published in the 
academic literature and can be scored and evaluated against 
population norms; others may be “home-grown” measures 
that provide relevant clinical information to the practitioner 
but do not have psychometric support.

An “Obesity-Focused” History

A logical first step in initiating obesity care is to take a com-
prehensive history that addresses the lifestyle and behavioral 
issues specific to weight loss [1–3]. In our program, we rou-
tinely use the Weight and Lifestyle Inventory (WALI) with 
new patients [4]. (Table 6.1 provides a description of all of the 
psychosocial and behavioral measures discussed in the chap-
ter, including information on where to obtain the measures.) 
Patients are asked to complete the questionnaire prior to the 
appointment. The WALI takes approximately 60–90 min to 
complete, and the responses are then reviewed in detail dur-
ing the clinical assessment. The inventory provides a wide 
breadth of information that would likely take several hours to 
complete through direct questioning. By reviewing selected 
elements with patients in person, more in-depth discussions 
of particularly salient issues can take place. Many weight 
management programs or individual providers have created 
similar assessment tools that meet their individual needs.

Whether or not an inventory like the WALI is used, pa-
tients should be asked to describe their chronological his-
tory of weight gain. Patients should be prompted to identify 
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the age when they first realized they were overweight. Next, 
they should be asked to describe the subsequent trajectory 
of their weight to the current point, with specific focus on 
major life events that contributed to significant weight gains 
as well as major weight loss efforts. Some of this informa-
tion potentially can be confirmed in the electronic medical 
record (EMR). Similarly, the patient can be asked to reflect 
on their weight graph that is captured in the EMR.

Common patterns of the history of weight gain include 
progressive weight gain, weight cycling or “yo-yo” dieting, 
and periods of weight stability (or loss) followed by weight 
gain. Rapid cycling of weight may reflect mood instability 
that may hint at the need for further assessment of mood, as 
detailed below. For many patients, the initial weight gain, or 
subsequent gains, may be precipitated by change in major 
life events, such as changes in employment, marital status, 
or illness. For others, the start of (a) new medication(s) or 
smoking cessation may lead to weight gain. For women, 
onset of adolescence, pregnancy, and menopause may cor-
respond to a significant weight gain.

Discussion of patterns of weight gain will naturally lead 
to a discussion of weight loss efforts. This information also 
is collected in the WALI. Patients should be asked about 
their experience with self-directed diets, commercial weight 

loss programs, dietary counseling, portion-controlled or 
meal replacement programs, as well as over-the-counter and 
prescription weight loss medications. Some patients also 
choose complementary and alternative medicine approaches 
to weight loss, even in the absence of empirical support for 
these approaches.

Many patients who present for weight loss treatment are 
“dieting veterans” who have tried numerous weight loss pro-
grams sometimes for years prior to their current visit. Some 
of these approaches may have been appropriate and success-
ful for a period of time, others may have been less appropri-
ate and potentially unsafe or unhealthy. Patients should be 
asked why they felt specific programs were (or were not) 
successful, what elements of the programs were most useful 
or not helpful, and what led to eventual recidivism of behav-
iors and weight regain. This information may be particularly 
useful in tailoring the current treatment approach to patients’ 
behavioral strengths and preferences.

This review of the patient’s history may reveal several less 
common secondary causes that may warrant further medical 
evaluation and that could be missed in a more routine his-
tory and physical examination. While patients presenting for 
weight loss treatment often report having a “slow metabo-
lism” or “endocrine problem,” endocrine disorders contrib-

Table 6.1  Commonly used measures of psychosocial functioning and eating behavior
Title Description Location
Weight and Lifestyle Inventory (WALI) Provides a comprehensive assessment of psychosocial and behav-

ioral factors which contribute to the development of obesity
Available from authors

Questionnaire on Eating and Weight 
Patterns-Revised (QWEP-R)

Allows for the assessment of symptoms of binge eating disorder 
and bulimia nervosa; based on DSM-5 diagnostic criteria

See reference [26]

Eating Disorder Examination (EDE)
interview and questionnaire

Assesses eating disorder symptomatology attitudes, and behaviors See references [27] and [28]

Night Eating Questionnaire (NEQ) Brief measures designed to assess symptoms of the night eating 
syndrome

See reference [29]

Night Eating Symptom History and 
Inventory

A more comprehensive measure of the clinical features of the 
night eating syndrome than provided by the NEQ

See reference [30]

College Alumnus Survey/Paffenbarger 
Survey

A comprehensive self-report measure of a full range of physical 
activities

See reference [31–32]

Modifiable Physical Activity 
Questionnaire

Assesses physical activity during occupational and leisure time as 
well as inactivity secondary to disability

See references [33–34]

Beck Depression Inventory -II (BDI-II) Gold standard measure of depressive symptoms; widely used in 
obesity literature

See reference [40]

Hamilton Depression Rating Scale 
(HAM-D)

Alternative measure of depressive symptoms See reference [41]

Patient Health Questionnaire -9 (PHQ-9) Brief (nine-item) measure of depressive symptoms which align 
with diagnostic criteria of major depression

See reference [42]

Center for Epidemiological Studies-
Depression (CES-D)

Measure of depressive symptoms widely used in large epidemio-
logical studies

See reference [43]

Beck Anxiety Inventory (BAI) Widely used measure of anxiety symptoms See reference [45]
State-Trait Anxiety Inventory (STAI) Measure of anxiety symptoms which allows evaluation of state 

(temporary) versus trait (characterological) symptoms of anxiety
See reference [46]

Medical Outcomes Short Form Survey 
(SF-36)

Gold standard measure of health-related quality of life; widely 
used in obesity literature

See references [49–50]

Impact of Weight on Quality of Life-Lite 
(IWQOL-Lite)

Measure of weight-related quality of life; often used in conjunc-
tion with SF-36

See reference [51]

DSM-5 Diagnostic and Statistical Manual of Mental Disorders, Fifth Edition
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uting to obesity are rare. The exception is polycystic ovary 
syndrome (PCOS) [5]. PCOS is a common endocrine disor-
der that affects a substantial minority of women, perhaps as 
many 20 % [6]. PCOS is typically characterized by androgen 
excess or hyperandrogenism (with clinical features of acne, 
hirsutism, and/or male pattern balding, as well as elevated 
serum androgen concentrations), menstrual irregularities, 
and chronic anovulation. Currently, there are initiatives to 
subtype PCOS into primary ovarian morphology, hyperan-
drogenic, and insulin-resistant pathological forms, but di-
agnostic strategies continue to require consensus statements 
in lieu of definitive metrics and biochemical/molecular tests 
[7]. It is therefore important to recognize that at least 50 % 
of women with PCOS are obese, and insulin resistance (as 
a prediabetes condition) is common. Other endocrine prob-
lems associated with obesity include hypothyroidism, Cush-
ing’s syndrome, and hypothalamic tumors or compromise as 
a consequence of irradiation, infection, or trauma [8]. Hy-
pothyroidism is more common in older women, and mea-
surement of TSH is in this population a valuable diagnostic 
tool [9]. However, current guidelines do not recommend 
screening for hypothyroidism for all patients who present 
with obesity. Review of patients’ medication history also 
may reveal drug-induced weight gain or the use of medica-
tions that interfere with weight loss [10–13]. When possible, 
patients should be switched to an alternative medication that 
is weight neutral.

Assessment of Environmental Factors 
and Eating Habits

As behaviorists who work in the area of obesity and eat-
ing disorders, we believe that environmental factors play a 
central role in the modern world’s current obesity epidemic. 
Thus, environmental factors need to be considered and eval-
uated for the individual patient as well. Through direct ques-
tioning or use of a self-report questionnaire, patients should 
be asked about their eating habits—when and where they eat, 
who shops and cooks in the home, etc. Portion sizes, snack-
ing, as well as beverage intake should be assessed. This in-
formation provides a sense of overall nutritional knowledge 
and also can be used to target specific problematic behaviors 
to be focused on during treatment.

A dietary history can be obtained either by having pa-
tients fill out a short questionnaire while in the waiting room 
or assessed as part of the clinical interview. A useful and 
convenient technique is to ask patients to describe a typical 
day of eating and drinking, what is also referred to as a 24-h 
dietary recall. As weekday dietary patterns are often differ-
ent from weekend patterns, a brief dietary recall of both is 
recommended. Dietary behaviors, such as where food is 
eaten, what triggers eating, and whether the patient engages 
in binge eating, are also important information. For some pa-

tients, their habitual diet may be well managed but episodi-
cally uncontrolled due to stress or mood. More detailed in-
formation can be obtained by asking patients to keep a food 
and activity diary for several days to a week. The diary often 
provides more information as eating and physical activity 
habits that vary on different days of the week. The diary can 
be more accurate as patients can have difficulty recalling and 
including all foods consumed in a 24-h period. Keeping a 
food and activity diary can be easily accomplished with the 
use of one of the multiple electronic tracking programs that 
are available on the Internet. The use of electronic tracking 
programs can provide details about the diet by calculating 
certain nutritional values such as total intake of macronu-
trients, fiber, fluid, and sugar. Hand-written diaries are also 
helpful if patients are not able to use Internet-based tracking 
programs. The exercise of logging food and beverage intake 
also serves to increase the awareness of dietary habits and 
forms the basis for targeted changes. It also may provide 
clues about patients’ ability and willingness to follow behav-
ioral recommendations to be used during treatment.

The eating behavior and dietary intake of patients often 
range greatly. Many patients are likely consuming more than 
the 2000 kcal/day recommended by the US Department of 
Agriculture and other government agencies [14]. Some may 
report eating 3000–4000 kcal/day with many meals consist-
ing of calorically dense foods from fast-food or take-out res-
taurants and including sugar sweetened beverages (SSBs). 
In contrast, some patients, often those working diligently to 
control their type-2 diabetes, will report quite healthy eating 
habits. Nevertheless, most, if not all, patients who present for 
weight loss report difficulties controlling their eating behav-
ior over extended periods of time. When considered against 
the backdrop of our current food environment, where the 
presence of food is nearly ubiquitous, this is not surprising. 
Simply put, in the current food environment it is incredibly 
hard to “swim against the stream” and chronically practice 
restraint to maintain a healthy body weight over the course 
of a lifetime. At the same time, other individuals will report 
specific problems in controlling their food intake in response 
to emotional or social cues. Almost all cultures have customs 
related to eating as part of holidays, celebrations, and even 
death. Thus, the pairing of eating to social cues is taught early 
and often to most individuals. However, for some, these pair-
ings can be symptomatic of more formal eating disorders.

Assessment of Disordered Eating

While obesity has never been recognized as an eating disor-
der, since its origins vary widely from person to person, the 
presence of disordered eating behavior should be assessed. 
(We use the term “disordered eating” here as an umbrella 
term that captures both symptoms of formal eating disorders 
as well as more disorganized eating patterns and habits that 
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have likely contributed to the development and maintenance 
of obesity.) The disorder that warrants particular attention is 
binge eating disorder (BED), which is characterized by the 
consumption of an objectively large amount of food in a brief 
period of time (< 2 h) with the patient’s report of subjective 
loss of control during the overeating episode [15–17]. These 
episodes occur, on average, at least once per week over the 
previous 3 months to meet criteria for BED. Patients do not 
engage in a compensatory behavior, such as vomiting, laxa-
tive abuse, or excessive exercise, which distinguishes BED 
from bulimia nervosa (BN). BED is now fully recognized as a 
psychiatric disorder in the Diagnostic and Statistical Manual 
of Mental Disorders, Fifth Edition (DSM-5) [17]. Binge eat-
ing occurs in only about 2 % of the general population but is 
found in approximately 15–20 % of people with obesity treat-
ed in specialty clinics [18]. Binge eaters with obesity may 
require psychotherapeutic treatment or psychotropic medica-
tion either before or in addition to weight reduction. BN may 
also be present in people with obesity, as the compensatory 
behaviors do not typically correct perfectly for the energy 
consumed during binge episodes. BN also warrants mental 
health treatment independent of weight loss treatment.

Another condition to be assessed is night eating. Night 
eating syndrome (NES) is currently included under other-
wise specified feeding and eating disorders in the DSM-5. 
NES is defined as a circadian delay in the pattern of eating, 
characterized by evening hyperphagia (i.e., the consump-
tion of 25 % or greater of total daily caloric intake after the 
evening meal) and/or two or more nocturnal ingestions per 
week (i.e., waking during the sleep period to eat) [19–21]. 
Other symptoms include lack of appetite for breakfast, initial 
or sleep maintenance insomnia, a strong urge to eat in the 
evening or upon awakening, the presence of the belief that 
one needs to eat to fall asleep, and depressed or worsening 
mood as the day progresses. Patients have awareness of their 
nocturnal ingestions, which differentiates NES from sleep-
related eating disorder, where patients are sleepwalking and 
eating. The presence of night eating may also contribute to 
the development and maintenance of obesity as eating dur-
ing this time may be adding additional daily calories, and the 
body may be processing this energy in a less efficient way 
during the night [22]. Persons with night eating may also 
benefit from psychotherapy or psychotropic medication to 
help reduce this behavior, either alone or in conjunction with 
weight loss treatment [23–25].

Assessment of BED, BN, and NES may include a struc-
tured interview or a validated screening questionnaire. The 
Questionnaire on Eating and Weight Patterns—Revised 
(QEWP-R) [26] assesses BED and BN based on DSM-5 
criteria. Confirmation through interview is recommended to 
confirm that binge episodes are objectively large and that 
loss of control over the eating episodes is present. The fre-
quency and intention of compensatory behaviors should also 

be checked through interviews. Another well-validated tool 
is the Eating Disorder Examination [27], which can be ad-
ministered by interviews or questionnaires [28]. The Eating 
Disorder Examination (EDE) can be used to diagnose all of 
the eating disorders and assesses a fuller range of eating dis-
ordered attitudes and behaviors than the QEWP. It also takes 
longer to administer. The Night Eating Questionnaire [29] 
is a brief questionnaire that assesses night eating symptoms. 
The Night Eating Symptom History and Inventory [30] is a 
structured interview in which the NEQ is embedded; the in-
strument may be used to confirm the presence of NES based 
on the 2010 proposed diagnostic criteria [29, 31]. All of these 
measures have been primarily used in the context of clinical 
research studies. However, they may be useful for practitio-
ners with specific interests or concerns in these areas.

Assessment of Physical Activity

Patients presenting for weight loss treatment also should be 
asked about their current level of physical activity. Participa-
tion in scheduled forms of exercise, such as jogging, bik-
ing/spinning, or exercise classes, as well as daily lifestyle 
activity, such as stair use and daily walking, should be as-
sessed. Many individuals with obesity are quite sedentary, 
frequently due to the physical discomfort associated with 
activity. An informative open-ended question to begin the 
discussion around the issue of physical activity is, “What is 
the most physically active thing you do over the course of a 
week?” In today’s society, walking to or from the car, train, 
or bus often represents the extent of daily physical activity 
for many individuals.

This discussion of physical activity can be augmented by 
the use of one of several questionnaires designed to assess 
physical activity. The College Alumnus Survey (commonly 
known as the Paffenbarger Survey) [32] is used to calcu-
late self-reported leisure time physical activity kilocaloric 
expenditure per week. This survey has excellent reliability 
and validity, including predictive validity for cardiovascular 
disease outcomes, and compares favorably to a 7-day recall 
[32]. In addition, the survey allows patients to record modes 
of activity not well measured by the current generation of 
commercially available activity monitors or accelerometers 
(including strength training and swimming). While typically 
used in research settings, the measure can provide clinicians 
and patients with information on the entire range of physi-
cal activities that could be increased to promote additional 
activity. The Modifiable Physical Activity Questionnaire 
(MAQ) [33] assesses current (past year and past week) phys-
ical activity during occupational and leisure time as well as 
extreme levels of inactivity due to disability [34]. The MAQ 
was designed for easy modification of activities to maximize 
its use in a variety of populations [35].
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Assessment of Psychiatric Status and History

The treating physician and/or physician extender who will be 
providing lifestyle modification treatment also should assess 
psychological, behavioral, and social factors that may have 
contributed to the development or maintenance of obesity 
and, as a result, may impact a weight loss effort. This in-
cludes an assessment of patients’ psychiatric status and his-
tory, as should be done routinely during a history and physi-
cal examination. Particular attention should be paid to the 
presence of mood and anxiety disorders, which are the most 
common disorders in the general population and also occur 
in higher rates with more severe forms of obesity. Persons 
with an active substance abuse disorder and those with an 
active psychosis are inappropriate for weight loss treatment.

Mood Disorders

People with obesity are at higher risk for current and lifetime 
depression than people without obesity. For example, people 
with extreme obesity are almost five times more likely to 
have experienced an episode of major depression in the past 
year as compared to average weight individuals [36]. The 
prevalence of depression among adults over age 50 and with 
obesity is 14 %, compared with 7.5 % among healthy weight 
adults of the same age group [37]. Men with Class III obe-
sity are 38 % more likely to experience current depression 
and 40 % more likely to have a lifetime history of depression 
than healthy-weight men. Women with Class III obesity are 
31 % more likely to experience current depression and 53 % 
more likely to have a lifetime history of depression [38]. 
Further, women with obesity are more likely to experience a 
major depressive episode in the past year as compared with 
average weight women [39]. The relationship between obe-
sity and depression appears to be stronger for women than 
men, perhaps because of our society’s emphasis on female 
physical appearance. Across gender, the reasons for the link 
between depression and increasing weight are not fully un-
derstood but could include the experience of weight-related 
prejudice and discrimination, the presence of physical pain, 
or other impairments in quality of life.

The directionality of the relationship between obesity and 
depression is unclear. For many people with obesity, increased 
symptoms of depression may be a result, rather than a cause, 
of their obesity. The physical discomfort and challenges of 
being obese, as well as the associated health problems, may 
have a quite understandable impact on mood. Even as experts 
attempt to educate the public on the multifactorial nature of 
obesity, many individuals see obesity as a result of depres-
sion, an inability to control one’s impulses, or even a moral 
failing. Unfortunately, some physicians and other medical 
professionals who work with people with obesity also hold 

these beliefs, which likely compromises their ability to estab-
lish strong rapport and effectively deliver treatment.

For all of these reasons, mood symptoms should be as-
sessed. Attention should be paid to patients’ appearance, 
speech, thought, mood, and appropriateness of affect in de-
scribing themselves and in responding to questions. If de-
pression is suspected, patients should be asked about the 
frequency of crying or irritability. Patients who endorse the 
neurovegetative symptoms of depression—trouble sleeping, 
difficulty concentrating, or significant change in appetite 
or weight—should be referred for treatment for depression 
before the onset of a weight loss program. There are sev-
eral brief depression screeners that may be used in practice. 
The Beck Depression Inventory-II (BDI-II) [40] is a 21-item 
survey and is the most widely used measure of depressive 
symptomatology. It is often used in the context of research 
studies. As several of the symptoms assessed by the BDI-II, 
such as disruption in sleep and physical discomfort, could be 
attributed to obesity as well as depression, the measure may 
yield some “false positives” for depression among persons 
with obesity. The Hamilton Depression Rating Scale (HAM-
D) [41] is a multiple-item questionnaire used to provide 
an indication of depression and as a guide to evaluate im-
provements in symptoms. The Patient Health Questionnaire 
(PHQ-9) [42] is a nine-item depression scale based on the 
nine diagnostic criteria for major depressive disorder. Final-
ly, the Center for Epidemiologic Studies of Depression Scale 
(CES-D) [43] is a 20-item, well-validated screening measure 
for depressed mood that is widely used. Both the PHQ-9 and 
CES-D have grown in popularity within the obesity-treating 
community and can be used for both research and clinical 
purposes.

Anxiety

Patients interested in weight loss treatment also may report 
issues with anxiety. The most common anxiety disorder is 
social anxiety disorder, which is found in less than 5 % of 
the general population. However, it is a common condition 
in people with obesity and extreme obesity in particular [44]. 
In a society that puts such a premium on physical appearance 
and thinness, it is not surprising that a significant minority 
of those with extreme obesity report increased anxiety in 
social situations. In addition, intuitive thought and clinical 
experience suggests that uncontrolled anxiety may negative-
ly impact the ability to adhere to weight loss programs and 
behavioral requirements. Thus, anxiety should be monitored 
closely. The Beck Anxiety Index (BAI) [45] or the State-
Trait Anxiety Index (STAI) [46] can be used to assess anxi-
ety symptoms. While both measures primarily have been 
used for research purposes, they can provide a clinician with 
valuable information about symptoms of anxiety. However, 
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it should be noted that there is no evidence suggesting that 
the diagnosis of an anxiety disorder contraindicates weight 
loss treatment.

Substance Abuse

A minority of patients who present for weight loss will re-
port a history of substance abuse. Approximately 5–10 % of 
patients will have a history of illicit drug use or alcoholism 
[44]. Active use or abuse of illegal drugs or alcohol is widely 
considered a contraindication to weight loss treatment. Con-
sumption of large amounts of alcohol, even in the absence of 
a formal diagnosis of alcohol abuse or dependence, is likely 
to have a negative impact on weight loss with any weight 
loss program.

Ongoing Mental Health Treatment

A sizable minority of patients who present for weight loss 
treatment will likely be engaged in some form of mental 
health treatment. The most common form of treatment is 
the use of antidepressants or antianxiety medications, typi-
cally prescribed by the patient’s primary care physician. 
For many patients, these medications are appropriately 
controlling their symptoms. For patients whose symptoms 
do not appear to be well controlled, optimization of mental 
health status—either through the adjustment of the dosages 
of the psychiatric medications or with a referral to psycho-
therapy—is recommended prior to the onset of weight loss 
treatment.

Assessment of General Psychosocial 
Functioning

Prior to weight loss treatment, providers should assess other, 
more general, areas of psychosocial functioning. These areas 
include motivations and expectations for treatment, self-es-
teem, quality of life, body image, romantic and sexual rela-
tionships, and timing for weight loss treatment.

Motivations and Expectations

Improvements in overall health and longevity are likely 
the primary motivation for weight loss, given the comorbid 
medical problems associated with obesity in most patients. 
Without question, concerns about body image and physical 
appearance also motivate the pursuit of weight loss and may 
be the area of psychosocial functioning that patients “value” 
the most following weight loss. It is important that patients 

are “internally” motivated for weight loss—that they are 
seeking weight loss for improvements in their health and 
well-being. Patients who are “externally” motivated, inter-
ested in weight loss for some secondary gain, such as saving 
a troubled marriage, may struggle to adhere with treatment 
over time.

Individuals who present for all forms of weight loss treat-
ment—from lifestyle modification to bariatric surgery—
often have unrealistic expectations regarding the amount of 
weight they will lose. Individuals enrolled in lifestyle modi-
fication programs have been shown to have “goal” weight 
losses of 33 % of their initial body weight, comparable to the 
weight losses seen with bariatric surgery [47]. While these 
unrealistic expectations were once thought to put individuals 
at risk for weight regain, it appears that they may be unre-
lated to the weight losses actually achieved. Nevertheless, 
individuals interested in weight loss are encouraged to set 
a modest, initial goal of losing approximately 5 % of their 
body weight. As recently reviewed, losses of this magnitude 
are considered clinically significant as they are commonly 
associated with improvements in weight-related comorbidi-
ties [48].

Self-Esteem

For some individuals, the degree of obesity can dramatically 
impact their self-esteem, such that it is difficult for them to 
recognize and appreciate their other talents and abilities be-
cause of their struggles with their weight. For others, obesity 
has relatively little impact. These individuals may be quite 
comfortable with their work and home life, but their weight 
has been the one area where they have not been success-
ful. Obesity may be more likely to impact the self-esteem of 
women, likely given our society’s overemphasis on thinness 
as a criterion for physical beauty.

Quality of Life

Obesity also negatively impacts health-related quality of life 
(HRQOL). Numerous studies have shown a relationship be-
tween excess body weight and decreases in quality of life. 
Individuals often report significant difficulties with physical 
functioning (walking, climbing stairs) and often difficulties 
with occupational functioning. These impairments likely 
motivate many individuals to seek weight loss treatment.

HRQOL is most commonly assessed by the Medical Out-
comes Study Short Form (SF-36). It is a self-report measure 
that assesses eight separate domains of HRQOL including 
physical functioning, role functioning related to physical and 
emotional problems, social functioning, pain, general men-
tal health, vitality, and perception of general health. Higher 
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scores on each scale indicate more positive HRQOL [49]. 
Not surprisingly, the most substantial reductions in HRQOL 
in persons with obesity are typically seen within the physi-
cal functioning domains of SF-36 [50]. While the SF-36 is 
the “gold standard” measure of HRQOL, other measures for 
assessing additional aspects of quality of life include the Im-
pact of Weight on Quality of Life (IWQOL) and the shorter 
version, the IWQOL-Lite. These have been developed to ex-
amine the specific influence of weight on quality of life [51]. 
The IWQOL-Lite version contains 31 items and, in addition 
to a total score, provides subscores in physical functioning, 
self-esteem, sexual life, public distress, and work. A num-
ber of studies have identified a strong relationship between 
degree of obesity and impairments in HRQOL; more recent 
research has incorporated quality-of-life measures specifi-
cally tailored to assess the impact of excess body weight on 
quality of life [50]. The clinical utility of these measures is 
less clear.

Body Image Dissatisfaction

Individuals presenting for weight reduction may have ex-
pectations about the impact of weight loss on other areas of 
their lives. Many people hope that weight loss will improve 
not only their health but also their physical appearance and 
body image. Body image is an important aspect of quality of 
life for many individuals. Body image dissatisfaction is as 
common in people who are overweight or obese [52]. How-
ever, it is the degree of dissatisfaction that is directly related 
to excess weight, although people can report dissatisfaction 
concerning their entire bodies or just with specific features. 
Body image dissatisfaction is believed to have motivated 
many appearance-enhancing behaviors, including partici-
pation in physical activity, fashion purchases, and cosmetic 
surgery [53]. It also is believed to play an influential role 
in the decision to seek weight loss, even in the presence of 
other health problems.

People who are overweight or obese report greater body 
image dissatisfaction than average weight individuals [52]. 
Those who lose weight, whether by behavioral modification, 
weight loss medications, or surgery, report improvements in 
their body image. However, large weight losses may result 
in the development of loose and/or sagging skin of the ab-
domen, thighs, legs, and arms that may lead to body image 
dissatisfaction. This may lead some patients to present to a 
plastic surgeon for body contouring surgery.

Interpersonal and Romantic Relationships

Other individuals may have expectations about the impact of 
weight loss on their interpersonal relationships. Many people 

may intuitively think that as they lose weight, and feel better 
about themselves, their social and/or romantic relationships 
will improve. This does occur for many individuals. Howev-
er, for some, the experience of a major weight loss becomes 
an unsettling experience. Some individuals may experience 
unwanted attention related to their weight loss and physical 
appearance that may make them uncomfortable. Others may 
be upset or angry that people who treated them as if they 
were “invisible” before now are friendly and sociable. Pa-
tients are encouraged to consider these issues prior to start-
ing a weight loss effort and often may want to discuss them 
in visits with the health-care professional. In these cases, a 
referral to psychotherapy is often appropriate.

These challenges may be particularly salient for those 
individuals with a history of sexual abuse. There appears 
to be a modest association between sexual abuse and obe-
sity [54]. Studies have suggested that between 16 and 32 % 
of bariatric surgery candidates reported a history of sexual 
abuse, which appears to be higher than that seen in the gen-
eral population [55, 56]. Interestingly, several studies have 
suggested that a history of previous sexual abuse is unrelat-
ed to weight loss following bariatric surgery. Nevertheless, 
patients with a history of sexual abuse often struggle with 
a range of psychological issues, including body image and 
sexual and romantic relationship issues, following bariatric 
surgery. While it may be impossible to predict which patients 
will struggle with these issues, the preoperative psychologi-
cal evaluation presents an opportunity to discuss these is-
sues with patients and inform them that they may experience 
some psychological distress related to this during the post-
operative period.

Patients seeking bariatric surgery (regardless of sexual 
abuse history) often present with the expectation that weight 
loss will improve their sexual functioning and romantic re-
lationships. Others fear that the weight loss may destabilize 
these relationships. In general, the few studies of this issue 
suggest that romantic relationship quality improves following 
bariatric surgery. The impact, however, seems to be a func-
tion of the quality of the existing relationship. That is, stable, 
functional relationships may improve, while unstable, dys-
functional relationships appear to be at risk of deteriorating.

Patients should consider the potential impact of their 
weight loss on their marital and sexual relationships. Body 
weight can play a complex role in some relationships. Some 
partners may feel threatened or jealous witnessing a part-
ner’s weight loss. Some patients may be uncomfortable with 
additional romantic or sexual attention, particularly those 
with a history of sexual abuse. In these cases, a spouse may 
engage in behaviors, such as bringing high-calorie foods into 
the home repeatedly, that may sabotage the weight loss ef-
forts of the other partner. Couples are encouraged to discuss 
these issues prior to the onset of a weight loss effort. Clini-
cians who identify discord between partners on these issues 
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can recommend couples counseling as a strategy to help the 
couple understand these patterns of behavior and develop 
strategies to work together on weight control efforts.

One important aspect of quality of life often overlooked 
among persons with obesity is sexual functioning. The rela-
tionship between obesity and sexual functioning is complex 
and requires an understanding of the relationship between 
obesity and reproductive hormones (male hypogonadism), 
the impact of weight-related comorbidities (type-2 diabetes 
and hypertension), and the psychosocial factors that may 
lead to impairments in sexual functioning [50]. For example, 
sex drive, or libido, may be decreased with the increased 
medical burden and self-consciousness about one’s appear-
ance. Additionally, the physical exertion required to engage 
in sexual activity may become difficult. These factors alone, 
or in combination with obesity, lead to impairments in sexual 
functioning [50].

Little is known about the effects of surgically induced 
weight loss on sexual functioning. People with extreme 
obesity report greater impairments in sexual quality of life 
than those with lesser amounts of obesity [57]. Given our 
society’s emphasis on thinness as a sign of physical beauty 
and sexuality, it is not surprising that women with obesity 
are often stigmatized as potential sexual partners. Obesity-
related metabolic abnormalities, and the medications often 
used to treat them, are also associated with problems in sex-
ual functioning. Intuitive thought suggests that the physical 
and psychological benefits associated with bariatric surgery 
will lead to improvements in sexual functioning; however, 
these issues have been the object of little study to date [58] 
but with some evidence suggesting that the massive weight 
loss seen with surgery is associated with significant improve-
ments in sexual function.

Timing Factors

Another important part of the assessment is the timing of 
the weight loss effort. Ideally, patients are motivated to en-
gage in weight loss at a time that is relatively free of major 
life stressors. Thus, the presence of these stressors, such as 
changes in employment, living situation, and health of close 
relatives, should be assessed by the clinician. It is probably 
easiest to do this by direct questioning; interest in these areas 
also may promote the development of rapport with the pa-
tient. Increased stress is associated with attrition from weight 
reduction treatment [59]. Thus, the patient should be rela-
tively free of stressors for the months of treatment. Weight 
maintenance rather than weight loss should be encouraged 
during periods of high stress. An understanding of patient’s 
motivation and stress level will help both the patient and 
practitioner determine the patient’s readiness to change mal-
adaptive behaviors.

Conclusion

The clinical assessment of behavioral and lifestyle vari-
ables is a central element of the delivery of effective weight 
management interventions. A comprehensive assessment 
requires the clinician to proceed well beyond the basic ele-
ments of a history and physical examination. The health-care 
professional must inquire about a wide range of behaviors 
and interpersonal variables that have contributed to weight 
gain and that may interfere with the ability to successfully 
engage in weight management treatment. Much of this can 
be done in the context of a clinical interview. However, 
given the emotionally sensitive nature of body weight and 
eating behavior, the questioning must be done in a sensitive, 
empathetic, and non-pejorative manner that allows for the 
development of rapport between patient and provider. Psy-
chometrically validated measures also can be used to provide 
additional information that can be used to guide treatment. 
Thorough assessment and attention to these behavioral and 
lifestyle variables is critical to the successful delivery of the 
entire spectrum of weight loss interventions.
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Abbreviations

AA African-American
ASM Appendicular skeletal muscle
BD Body density
BH Body height
BIA Bioimpedance analysis
BMI Body mass index
BW Body weight
C Caucasian
CAG Corrected arm girth
CCG Corrected calf girth
CT Computed tomography
CTG Corrected thigh girth
CVD Cardiovascular disease
DXA Dual-energy X-ray absorptiometry
EA European-American
HA Hispanic-American
IMAT Intermuscular adipose tissue
MRI Magnetic resonance imaging
NIH National Institutes of Health
R Resistance

S Stature
SM Skeletal muscle
TBBM Total body bone mineral
TBW Total body water
VAT Visceral adipose tissue
WHR Waist–hip ratio
WHO World Health Organization

Introduction

Understanding how lifestyle interventions, commonly used 
in the treatment of chronic diseases, influence body compo-
sition is important for understanding the effects (beneficial 
or negative) of such interventions. For example, the treat-
ment of type-2 diabetes (T2D), metabolic syndrome, coro-
nary heart disease, hypertension, obesity, osteoporosis, or 
some forms of cancer by nutritional, physical activity, or 
medication interventions may impact the loss or gain of body 
tissues. Under some circumstances, it can be clinically im-
portant and meaningful to quantify the specific changes as a 
means of monitoring the effects of the intervention.

There is no one body composition measurement method 
that provides information on all body tissues. Body compo-
sition measurement methods vary in complexity, cost and 
precision, and range from simple field-based methods (e.g., 
anthropometry, bioimpedance analysis [BIA]) to more tech-
nically challenging laboratory-based methods (e.g., dual-en-
ergy X-ray absorptiometry (DXA), air plethysmography, and 
magnetic resonance imaging (MRI)). Table 7.1 lists some of 
the available methods of measuring body composition.

Body Composition Methods

Anthropometry The assessment of body composition in an 
individual can occur at a simple level where anthropometric 
measures, such as weight, height, waist, and hip circumfer-
ence as well as skinfold thickness are obtained. For routine 
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clinical use, anthropometric measurements have been pre-
ferred due to the ease of measurement and low cost. Waist 
circumference and the waist–hip ratio (WHR) measurements 
are commonly used surrogates of fat distribution, especially 
in epidemiology studies. Waist circumference is highly cor-
related with visceral fat and is included as a clinical risk fac-
tor in the definition of the metabolic syndrome [1]. Specifi-
cally, waist circumferences greater than 102 cm (40 in.) in 
men and 88 cm (35 in.) in women are suggestive of elevated 
risk. Lower circumference measurements have been sug-
gested for Asian (As) populations, for example 85 cm and 
75 cm for Chinese men and women, respectively [2].

Body Mass Index The National Institutes of Health (NIH) 
and the World Health Organization (WHO) [3, 4] adopt 
similar body weight (BW; adjusted for height) guidelines for 
overweight and obesity. The body mass index (BMI = weight 
kg/height m2) continues to be the most commonly used 
index of weight status, where normal weight is a BMI 18.5–
25.9 kg/m2; overweight is a BMI 25.0–29.9 kg/m2; and obese 
is a BMI > 30.0 kg/m2 although the true ranges may differ 
across ethnic groups. Despite BMI not being a direct mea-
sure of body composition, it is commonly considered as an 
index of fatness due to the high correlation between BMI and 
percent body fat in children [5] and adults [6]. The predic-
tion of percent body fat in African-American (AA), As, and 
Caucasian (C) adults was found to vary with age (higher in 
older persons), sex (higher in males), and race (higher in As 
compared to AA and C). The following Eq. [7] is proposed 
to estimate the percent body fat:

76.0 1097.8 (1/BMI)

20.6 SEX 0.053 Age 95.0 Asian

(1/BMI) 0.044 Asian Age +154

SEX (1/BMI) 0.034 SEX Age,

Percent Body Fat = − ×

− × + × + ×

× − × ×

× × + × ×

where multiple R = 0.90; SEE = 4.31 %; sex = 0 for female 
and 1 for male; race = 1 for As, 2 for other races.

In an analysis including Hispanic-American (HA) adults, 
no differences in the prediction of percent fat from BMI were 
observed between HA, European-American (EA), and AA 
men. In women, differences in percent body fat predicted by 
BMI were observed between HA and EA ( P < 0.002) and AA 
and HA ( P = 0.020), but not between AA and EA ( P = 0.490). 
At BMIs < 30 kg/m2, HA tended to have more body fat than 
EA and AA, and at BMIs > 35 kg/m2, EA tended to have more 
body fat than the other groups [8].

Figure 7.1a, b shows the three-dimensional whole-body 
scans of three males with similar height, weight, and BMI 
(23–24 kg/m2), but differing in age (25, 45, and 78 years) 
and percentage body fat (12, 23, and 32 %). Despite BMI 
being similar, the corresponding percent body fat is signifi-
cantly different across the three individuals. The latter serves 
to demonstrate that BMI is a poor indicator of percentage 
body fat.

Prediction of Percent Fat and/or Fat-Free Mass 
(FFM) Skinfold thickness, which estimates the thickness of 
the subcutaneous fat layer, is highly correlated with percent 

a b

Fig. 7.1  a and b Three-dimensional whole-body scans of three males with similar height, weight, and BMI (23–24 kg/m2), but differing in age (25, 
45, and 78 years) and percentage body fat (12 %, 23 %, and 32 %). a Despite BMI being similar, the corresponding percent body fat is significantly 
different across the three individuals. b The difference in body morphology between the three males indicates differences in adipose tissue distri-
bution and skeletal muscle distribution, neither of which can be detected from visual inspection of body shape. With advancing age, there are in-
creases in central adiposity and in intermuscular adipose tissue with corresponding losses in subcutaneous adipose tissue and skeletal muscle mass.
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body fat. Since the subcutaneous fat layer varies in thick-
ness throughout the body, a combination of site measures is 
recommended reflecting upper and lower body distribution. 
Predictive percent body fat equations based on skinfold mea-
sures are age, sex, and ethnicity specific in adults. Examples 
of predictive equations in adults include Durnin and Womer-
sley [9], Jackson et al. [10], and Davidson et al. [11].

Prediction of Skeletal Muscle Mass Arm, thigh, and calf 
muscle areas can be estimated based on skinfold thick-
ness and limb circumference measures [12]. In one study, 
a skinfold-circumference model was found to have a higher 
accuracy than a BW and height model in predicting total 
body skeletal muscle in healthy adult populations [12]. The 
following two equations are proposed to estimate skeletal 
muscle (with whole-body MRI as the reference method), 
and these models were developed and cross-validated in 
nonobese adults (BMI < 30 kg/m2).

Model 1 

R2 = 0.91; P: < 0.0001; SEE = 2.2 kg; sex = 0 for female and 
1 for male; race = − 2.0 for As, 1.1 for AA, and 0 for C and 
Hispanic. Ht is height in meters; CAG = skinfold corrected 
upper arm girth; CTG = skinfold corrected thigh girth; CCG 
= skinfold corrected calf girth); all girths in cm.

Model 2 
2

2 2

0.00744 x CAG 0.00088
SM Ht

CTG 0.00441 CCG

2.4 sex 0.048 age race 7.8

+
= ×

× + ×

+ × − × + +

 
   

R2 = 0.86, P: < 0.0001, and SEE = 2.8 kg; sex = 0 for female 
and 1 for male, race = − 1.2 for As, 1.4 for AA, and 0 for C 
and Hispanic; BW is the body weight in kilograms, and Ht is 
the height in meters.

Additional anthropometric equations were recently devel-
oped [13] that report sufficient accuracy for the prediction of 
skeletal muscle (SM) mass in groups and for research and 
survey purposes, but not for use in individuals or for clinical 
purposes. The variables identified for men were BW, waist, 
hip, and age, and for women were BW, hip, age, and height.

Bioimpedance Analysis (BIA) BIA is a simple, low-
expense, noninvasive body composition measurement 
method. It is based on the electrical conductive properties 

2

2 2

0.00744 x CAG 0.00088
SM Ht

CTG 0.00441 CCG

2.4 sex 0.048 age race 7.8

+
= ×

× + ×

+ × − × + +

 
   

of the human body [14]. Measures of bioelectrical conduc-
tivity ar proportional to total body water (TBW) and the 
body’s components with high water concentrations such as 
fat-free and SM mass. BIA assumes that the body consists 
of two compartments, fat and FFM (BW = Fat + FFM). 
It is best known as a technique for the measurement of 
percent body fat. Compared to multi-compartment body 
composition models, a two-compartment model approach 
(BIA and anthropometry being two examples) produces 
greater errors when estimating percent body fat in children 
and adults. A recent study [15] reported on a new eight-
electrode, segmental multifrequency BIA device developed 
to estimate body composition in healthy and euvolemic 
adults. The results reported validity and precision compa-
rable to other two-compartment reference methods, includ-
ing air displacement plethysmography, deuterium dilution, 
and DXA.

It is reported that there is a strong correlation between 
BIA resistance and skeletal muscle measurements in the 
arms and legs. Janssen et al. [16] reported that MRI-mea-
sured SM mass is strongly correlated to the BIA resistance 
index (Ht2/R), and the following SM prediction equation was 
developed from a multiethnic group (C, Hispanic, and AA) 
of females ( n = 158) and males ( n = 230).

Ht is height in centimeters; R is BIA resistance in ohms; sex 
= 0 for female and 1 for male; age in years. R2 = 0.86; SEE 
= 2.7 kg (9 %). The advantages of BIA include its portabil-
ity, ease of use, relatively low initial cost and cost per use, 
minimal subject participation requirement, and its safety, 
thus making it attractive for large-scale studies or use in the 
office. Depending upon the device used, measurements are 
commonly obtained by tetrapolar or bipedal placement of 
electrodes while the subject lies supine or remains stand-
ing. Measurements are obtained in seconds. The accuracy 
of body fat measures is considered to be within 3.5–5.0 % 
[14] when conditions such as ambient temperature, partici-
pant hydration status, position of participant, correct elec-
trode placement, use of appropriate equations, and eating 
and drinking that can affect TBW are regulated. Thus, sub-
jects are typically asked to refrain from exercise and be well 
hydrated on the day of measurement. The aforementioned 
conditions represent the standard measurement conditions 
recommended for all BIA systems. BIA is not ideal for cir-
cumstances where typical hydration of lean mass may not 
be as assumed, such as during growth, pregnancy and lacta-
tion, weight loss, marked obesity, or certain disease states, 
for example, congestive heart failure, peripheral edema or 
ascites; it is also not recommended for participants with a 
pacemaker. Standard measurement conditions should follow 
the instrument-specific manufacturer guidelines.

2SM mass (kg) [(Ht / R 0.401)

(sex 3.825) (age 0.071)] 5.102

= × +
× + ×− +
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Dual-Energy X-ray Absorptiometry (DXA) DXA pro-
vides an important means of quantifying total body and 
regional fat mass, SM mass, and bone mineral mass and den-
sity. Using specific anatomic landmarks, the trunk, legs, and 
arms are identified. The fat-free soft tissue (i.e., nonfat and 
non-bone mineral mass) of the extremities is largely (~ 76 %) 
skeletal muscle and is considered appendicular skeletal 
muscle (ASM) mass. DXA- and MRI-measured lower limb 
SM mass have been shown to be highly correlated ( r = 0.94, 
P < 0.001) in adults [17], and high correlations have been 
found between DXA-measured ASM and MRI-derived total 
body SM mass in adults ( r = 0.98) [18].

Baumgartner et al. [19] were the first to develop an an-
thropometric equation for predicting ASM mass in elderly 
Hispanic and non-Hispanic white men and women. Sarcope-
nia was defined as an ASM (kg)/height2 (m2) less than two 
standard deviations below the mean of the young reference 
group. In the elderly men, the mean ASM/height2 was ap-
proximately 87 % of the young group. The corresponding 
value in women was approximately 80 %. Obese and sarco-
penic persons are reported as having worse outcomes includ-
ing higher levels of metabolic disorders and poorer physical 
function than those who are nonobese and sarcopenic [20, 
21]. These individuals demonstrate a relative increase in fat 
mass and a reduction in lean mass. How best to define sar-
copenia and sarcopenic obesity continues to be debated [22]. 
The definitions for sarcopenia based on muscle mass alone 
and elevated fatness for obesity have produced conflicting 
results with regards to the relationship between “sarcopenic 
obesity” and impaired physical function [23]. What is clear 
is that the combination of low-muscle mass and weakness 
are contributors to disability in older ages.

Air Displacement Plethysmography Air displacement 
plethysmography uses air displacement to measure body 
volume from which an estimate of FFM and fat can be 
derived using a two-compartment model [24]. A commer-
cially available system, the BOD POD (Life Measurement 
Instruments Inc., Concord, CA), can be used in persons 
weighing between 35 and 200 kg. To measure body vol-
ume accurately, it is necessary to account for the effects of 
air trapped in clothing, hair, and lungs. The measured body 
volume is corrected for these effects. The advantages of air 
plethysmography are its quickness and relative ease for the 
subject. The disadvantages of air plethysmography are the 
cost of the equipment and the need for technically trained 
staff. In addition, the breathing maneuver required for the 
purpose of predicting lung volume may be difficult for some: 
Claustrophobic persons may be unable to tolerate the small 
chamber dimensions; size limitations exclude individuals 
from the BOD POD who are > 200 or < 35 kg.

Magnetic Resonance Imaging (MRI) Whole-body MRI is 
increasingly being used as a reference method for evaluat-

ing and monitoring changes over time in whole-body and 
regional-body composition. Due to the expense associated 
with this technique, it does not present as a practical mea-
surement method for use in clinical screening. However, 
it needs to be acknowledged that human in vivo measure-
ments of SM mass, total adipose tissue mass and its distri-
bution, and masses of several organs is possible. Subjects 
are placed on the scanner platform (1.5 or 3.0 T) with their 
arms extended above their heads. The protocol involves the 
acquisition of approximately 40 axial images, 10 mm thick-
ness, and at 40 mm intervals across the whole body, with an 
acquisition time of 20 min [25]. Image analysis software is 
used to analyze images. This protocol allows for the quanti-
fication of adipose tissue distribution, specifically total-body 
visceral, subcutaneous, and intermuscular adipose tissue 
(IMAT) depots in children and adults. The limitations of 
MRI include the high costs for scan acquisition and process-
ing of data, inability of large subjects to fit within the field-
of-view, and problems scanning claustrophobic persons.

Visceral Adipose Tissue (VAT) Excess abdominal or VAT 
is recognized as an important risk factor in the develop-
ment of coronary heart disease and T2D. The most accurate 
measurement of VAT requires MRI, which is impractical in 
a clinical setting. Figure 7.2a shows the three-dimensional 
reconstruction images of VAT in two females with similar 
weight, height, and BMI, but differing in age (25 and 78 
years). VAT mass is four times greater in the older woman 
(Fig. 7.3).

Female A 25 years, weight 54.0 kg, height 1.6 m, BMI 
21 kg/m2, total adipose tissue 14.0 kg, subcutaneous adipose 
tissue 13.0 kg, VAT 0.5 kg, IMAT 0.6 kg, and skeletal muscle 
20.0 kg.

Female B 78 years, weight 54.0 kg, height 1.6 m, BMI 
21.4 kg/m2, total adipose tissue 20.0 kg, subcutaneous adi-
pose tissue 15.3 kg, VAT 2.1 kg, IMAT 2.6 kg, and skeletal 
muscle 15.0 kg.

Before Bariatric Surgery 66 years, weight 135.4 kg, height 
1.8 m, BMI 43 kg/m2, total adipose tissue 62.6 kg, subcuta-
neous adipose tissue 47.0 kg, VAT 11.1 kg, IMAT 4.6 kg, and 
skeletal muscle 33.4 kg.

Following Bariatric Surgery
At 12 months: 67 years, weight 93.4 kg, height 1.8 m, BMI 
29.6 kg/m2, total adipose tissue 33.3 kg, subcutaneous adi-
pose tissue 26.7 kg, VAT 3.7 kg, IMAT 3.0 kg, and skeletal 
muscle 25.9 kg.

At 24 months: 68 years, weight 98.5 kg, height 1.8 m, 
BMI 31.6 kg/m2, total adipose tissue 39.7 kg, subcutaneous 
adipose tissue 29.3 kg, VAT 6.5 kg, IMAT 3.9 kg, and skel-
etal muscle 23.3 kg.
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Intermuscular Adipose Tissue The adipose tissue located 
between muscle bundles and visible by MRI is referred to 
here as IMAT. Previous reports [26] suggest that adipose 
tissue located below the muscle fascia is significantly neg-
atively correlated with insulin sensitivity, whereas subcuta-
neous adipose tissue (SAT) located above the muscle fascia 
is not correlated with insulin sensitivity. In elderly, greater 
IMAT (as suggested by lower skeletal muscle attenuation by 
computed tomography (CT) is associated with lower specific 
force production [27]. The most accurate measurement of 
IMAT requires imaging techniques, which are impractical in 
a clinical setting. Currently, there is no surrogate measure of 
IMAT. Figure 7.2b shows cross-sectional grey scale images 
of midthigh (left) and the three-dimensional reconstruction 

At approximately 60 months: 70 years, weight 103.0 kg, 
height 1.8 m, BMI 32.3 kg/m2, total adipose tissue 48.6 kg, 
subcutaneous adipose tissue 35.8 kg, VAT 8.1 kg, IMAT 
4.8 kg, and skeletal muscle 24.1 kg.

Waist circumference and the WHR are commonly used to 
predict visceral fat accumulation in epidemiological studies 
and the office setting. Several investigators have argued that 
simple waist circumference is a better index of variation in 
VAT than WHR. Abdominal fat estimated by DXA does not 
differentiate between the intra-abdominal and subcutaneous 
abdominal depots. DXA has some advantages over MRI as a 
means of estimating fat distribution, including relative ease 
of access to systems, simplicity of measurements, and rela-
tively low cost.

a b

c

Fig. 7.2  a Three-dimensional reconstruction images of visceral adipose tissue (VAT) in two females with similar weight, height, and BMI, but 
differing in age (25 and 78 years). Total VAT mass is four times greater in the older woman. The upper panels show a single cross-sectional slice in 
grey scale (left) acquired at approximately the lumbar vertebrae L4–L5, with analyzed slice using colors (right) to identify VAT (purple), skeletal 
muscle (red), organs and intestines (yellow), and subcutaneous adipose tissue (green). The lower panel shows the quantity of VAT at its location 
in relation to the lungs (orange). Yellow arrows point to the VAT. b Cross-sectional grey scale images of midthigh (left) and the three-dimensional 
reconstruction images of intermuscular adipose tissue (IMAT) across the body in the same two females with similar weight, height, and BMI but 
differing in age (25 and 78 years). IMAT mass is four times greater in the older woman. c Three-dimensional reconstruction images of whole-body 
SM mass in the same two females with similar weight, height, and BMI but differing in age (25 and 78 years). SM mass was 25 % lower in the 
older woman
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VAT 6.5 kgVAT 11.05 kg VAT 3.7 kg VAT 8.1 kg

Before bariatric surgery 12 months               24 months                  60 months

Following bariatric surgery

Fig. 7.3  Three-dimensional reconstructed images of visceral adipose tissue (VAT) in one male before having bariatric surgery, and following 
surgery, at 12 months, 24 months, and at approximately 60 months. Shown are the amounts of VAT at each time point

images of IMAT across the body in two females with simi-
lar weight, height, and BMI but differing in age (25 and 78 
years). IMAT mass is four times greater in the older woman.

Skeletal Muscle Mass During the adult life span, BW gen-
erally increases slowly and progressively until about the sev-
enth decade, and thereafter, declines in old age. An increased 
incidence of physical disabilities and comorbidities are 
likely linked to aging associated body composition changes 
that includes but not limited to losses in muscle mass, force, 
and strength. Skeletal muscle mass (SM) represents ~ 40 % 
of the BW in young adults. With increasing age, SM mass 
decreases to ~ 30 % of the young values at elderly ages. SM 
mass is one of the more difficult components to quantify. 
Common measurement methods include anthropometry, 
DXA-derived ASM, and MRI. Figure 7.2c shows the three-
dimensional reconstruction images of whole-body SM mass 
in two females with similar weight, height, and BMI but dif-
fering in age (25 and 78 years). SM mass was 25 % lower in 
the older woman.

Clinical Implications

The measurement of body composition in patient care is use-
ful to predict clinical outcomes and to guide and determine 
response to therapeutic interventions. Practical examples in-
cluding those listed in Table 7.2 are: sarcopenia with impli-
cations for frailty and immobility; sarcopenic obesity with 

implications for metabolic risk; cachexia related to wasting 
diseases; excess adiposity with implications for cardiovas-
cular morbidity; increased visceral adiposity (independent of 
total adiposity) that plays a pathophysiological role in many 
chronic diseases; lipodystrophy reflecting fat accumulation 
in one or more locations (e.g., abdomen, dorsocervical spine, 
breasts) or fat loss on the face, buttocks, and extremities (e.g., 
secondary to antiretroviral therapy) that is strongly associ-
ated with insulin resistance, diabetes, and dyslipidemia.

Conclusion

The measurement of body composition in the truest sense 
allows for the estimation of body tissues, organs, and their 
distributions in living persons without inflicting harm. It is 
important to recognize that there is no single measurement 
method in existence that is error free. Furthermore, bias can 
be introduced if a measurement method makes assumptions 
related to body composition proportions and characteristics 
that are inaccurate across different populations.

Some methodological concerns include the following: 
hydration of fat-free body mass changes with age and dif-
fers across ethnic groups [28]; the density of fat-free body 
mass changes with age and differs between men and women 
[29]; total body potassium decreases with age [28] and fat-
ness [30] and differs between blacks and whites [31]; the 
mass of skeletal muscle differs across race group [32]; and 
VAT differs across sex [33] and race [34, 35] groups, inde-
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pendent of total adiposity. These between-group differences 
influence the absolute accuracy of methods for estimating 
fatness or FFM involving the two-compartment model ap-
proach. The clinical significance of the body compartment 
to be measured should first be determined before a measure-
ment method is selected since the more advanced techniques 
are less accessible and more costly.
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Abbreviations 

ACT Activity Counseling Trial
ACSM American College of Sports Medicine 
CDC Centers for Disease Control and Prevention 
DHHS Department of Health and Human Services 
EVS Exercise vital sign 
HCPs Health-care professionals 
NIH National Institutes of Health 
PACE  Physician-based Assessment and Counseling for 

Exercise
PAEE Physical activity energy expenditure 
PAR-Q Physical Activity Readiness Questionnaire
TDEE Total daily energy expenditure
USPSTF US Preventative Services Task Force 

Introduction

Physical inactivity is a major public health problem in the 
USA and other countries [1, 2]. In 2008, less than half of 
Americans obtained the recommended levels of physical 
activity [3, 4]. Regular physical activity is associated with 
decreased all-cause mortality, as well as decreased risks of 
developing obesity, diabetes, heart disease, stroke, dementia, 
and other chronic diseases [5]. Both epidemiological stud-
ies and randomized clinical trials point to the health benefits 
of acquiring rather modest volumes of moderate-intensity 
physical activity.

The 2008 Physical Activity Guidelines by the US Depart-
ment of Health and Human Services (DHHS) recommended 
that all US adults should perform at least 150 min/week of 

moderate activity, 75 min of vigorous activity, or a combi-
nation of both [6]. In addition, the guidelines recommend-
ed that adults engage in 8–10 exercises that strengthen the 
major muscle groups, on 2 days/week. For US youth (ages 
6–19 years), the guidelines recommended 60 min/day of 
aerobic activity to include muscle-strengthening and bone-
building activities [6].

Physical Activity Counseling in Primary Care

Physicians and other health-care professionals (HCPs) can 
encourage their patients to become more physically active. 
In 2012, 84 % of Americans visited a physician, with most of 
them having 1–3 health-care visits [7]. Therefore, physician-
administered advice to engage in physical activity could 
have a broad population reach that would benefit the public 
health. However, only a small percentage of patients report 
that their primary care doctor counseled them on exercise 
[8].

The notion that physicians and other HCPs should counsel 
their patients to exercise has been around for a long time. In 
1992, the Centers for Disease Control and Prevention (CDC) 
established a collaborative agreement with San Diego State 
University to develop a Physician-based Assessment and 
Counseling for Exercise (PACE) program. This was found 
to be feasible in clinical practice [9] and tested for efficacy 
in a 6-week intervention [10]. Twenty-seven physicians were 
randomly assigned to an intervention or control group. The 
intervention group delivered 3–5 min of counseling to their 
patients; 2 weeks later, a health educator followed up with 
a phone call. The effects of the program on physical activ-
ity were mixed; the intervention group reported greater in-
creases in leisure-time walking than the control group, but 
not total walking.

In the late 1990s, the Activity Counseling Trial (ACT) 
was funded by the National Institutes of Health (NIH) to test 
the effectiveness of patient education and counseling in the 
primary care setting [11]. ACT was a 2-month randomized 



78 D. R. Bassett and K. M. Bielak

controlled trial comparing three groups: two patient educa-
tion and counseling groups (“assistance” and “counseling”) 
and a control group receiving standard care (“advice”). Al-
though nearly all physicians performed the counseling and 
most rated the acceptability as high [12], the results showed 
that neither of the counseling interventions increased physi-
cal activity levels more than standard care.

Other studies have examined physician counseling for 
exercise. Some of these studies showed improvements in 
physical activity, while others did not [13]. A comprehen-
sive review of these studies by the US Preventative Services 
Task Force (USPSTF) concluded that there was insufficient 
evidence that physician counseling increased patients’ activ-
ity levels [14]. A recent review by Tulloch et al. [13] found 
that only 50 % of interventions delivered by physicians were 
effective at increasing physical activity, while 71–100 % of 
interventions delivered by other allied health professionals 
were effective. Despite conflicting results on the effective-
ness of physical activity counseling in primary care settings, 
the importance of active lifestyles for promoting health and 
wellness is well documented [15]. Thus, various groups have 
worked to reduce the barriers to physician counseling and to 
improve the effectiveness of these programs.

Exercise Is Medicine

In 2007, the “Exercise is Medicine” program was launched 
by the American Medical Association and American College 
of Sports Medicine (ACSM). It was designed to encourage 
physicians to record physical activity as a vital sign during 
each office visit. Patients who were able to exercise were 
encouraged to perform at least 30 min of aerobic activity and 
10 min of stretching and muscle strengthening exercise per 
day. The program increased awareness of tools that physi-
cians can use in counseling their patients about exercise, as 
well as assessing physical activity and fitness. The Physi-
cal Activity as a Vital Sign survey is a validated instrument 
that has been shown to increase the number of patients who 
have their physical activity assessed [16] (Table 8.1). Fur-
thermore, the use of an exercise vital sign (EVS) results in 
more patients receiving counseling from their physicians 
[17] (Table 8.2). The Stages of Exercise Behavior Change 
survey [18] allows respondents to select one of five pos-
sible choices that reflect attitudes toward exercise. They 

are then classified into one of the following categories: (1) 
precontemplation, (2) contemplation, (3) initiation, (4) ac-
tion, and (5) maintenance. The Physical Activity Readiness 
Questionnaire (PAR-Q) can be used to gauge the safety of 
exercise prior to starting a program. Exercise is Medicine 
also includes tools that simplify the process of prescribing 
exercise to patients; otherwise, doctors can refer patients to 
an exercise physiologist.

The barriers to physician and other HCP counseling in-
clude time constraints, lack of incentives and reimburse-
ment, lack of standard protocols, inadequate training in be-
havioral counseling, lack of success in the counseling role, 
and the absence of a coordinated and systematic approach 
in practice [19]. In addition, general practitioners who are 
inactive themselves are about one third as likely to promote 
exercise to their patients compared to those who are active 
[19]. Tools have been developed to assist doctors in over-
coming barriers, but the time demands on busy primary care 
doctors are still a barrier.

While exercise advice can be dispensed in a few minutes, 
behavioral counseling is a more complicated process requir-
ing multiple office visits. The 5 As (assess, advise, agree, 
assist, and arrange) model has been shown to be effective 
for smoking cessation and can also be applied to physical 
activity promotion [20, 21]. However, many physicians and 
other HCPs do not always have time to do this during routine 
office visits. This has led researchers to ask if a less intensive 
approach (i.e., a pedometer + daily step goal + activity log 
+ subsequent follow-up) can succeed in getting inactive pa-
tients to increase their steps per day.

Using Pedometers to Encourage Physical 
Activity in Patients

Recent studies conducted in primary care settings over the 
past 5–10 years have shown that pedometers are effective 
in motivating sedentary patients to be more physically ac-
tive. These pedometer interventions fall into one of the two 
categories: randomized clinical trials (including one or more 
control groups of some type) or quasi-experimental stud-
ies lacking a control group. Randomized clinical trials are 
generally considered to provide stronger evidence of health 
outcomes. However, in these studies, since the control group 
lacked pedometer-determined steps per day, the studies had 
to rely on self-reported physical activity based on question-
naires. One study, however, did use an objective monitor 

Table 8.1  Physical activity as a vital sign. (From: Greenwood JL, Joy 
EA, and Stanford JB. The physical activity vital sign: a primary care 
tool to guide counseling for obesity. Journal of Physical Activity and 
Health. 2010: 7(5):571–576)
How many days during the past week have you performed physical 
activity where your heart beats faster and your breathing is harder 
than normal for 30 min or more?
How many days in a typical week do you perform activity such as 
this?

Table 8.2  Exercise vital sign survey. (From: Sallis R. Exercise is 
medicine: a call to action for physicians to assess and prescribe exer-
cise. Physician and Sportsmedicine. 2014; 43(1):23–26)
On average, how many days per week do you engage in moderate-
to-vigorous physical activity like a brisk walk?
On those days, how many minutes do you engage in physical activ-
ity at this level?
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capable of recording steps, in addition to the pedometer, and 
found that the intervention group had significantly greater 
improvements (2100 steps per day) as compared to controls 
[22]. Other studies examining pedometer use in primary care 
settings have not included a control group or did not perform 
between-group comparisons on steps. In general, those stud-
ies find that the use of a pedometer + daily step goal + activ-
ity log (with subsequent follow-up by the physician or other 
HCPs) resulted in an increase of approximately 2500 steps 
per day [23–25]. These findings are generally consistent 
with other studies that have examined pedometer programs, 
conducted in different settings [26].

Physical Activity Monitors

In the next section, we will discuss some devices that are 
used to track physical activity in patients. In many cases, 
pedometers can provide accurate enough data to be used 
in clinical practice, and the preferred metric is “steps.” For 
more detailed information, researchers and practitioners may 
select a more expensive, research-grade physical activity 
monitor that stores second-by-second data on physical activ-
ity over several weeks. Such high-tech devices can be used 
to track the pattern of activity throughout the day (i.e., the 
frequency, intensity, and duration of exercise bouts), physi-
cal activity energy expenditure (PAEE), and other variables.

Spring-Levered Pedometers

The simplest device for assessing physical activity is the 
pedometer. Worn on the belt or waistband, a pedometer 
counts the number of steps taken throughout the day. Most 
pedometers use a spring-suspended horizontal lever arm 
that moves up and down in response to vertical accelera-
tions of the body that occur when walking or running. The 
most accurate and reliable spring-levered pedometer is the 
Yamax Digi-Walker SW-200 (Yamasa Corp., Tokyo, Japan) 
(Fig. 8.1). This model only displays steps and has a reset 
button to re-zero the steps at the end of the day. The retail 
cost is approximately $20.

The Yamax Digi-Walker is accurate to within + 3 % for 
walking speeds of 3 mph and faster with high reliability [27, 
28]. This pedometer is designed to avoid double counting of 
steps during brisk walking or running. For these reasons, the 
Yamax Digi-Walker is the most widely used pedometer in 
research and clinical settings. However, two limitations of 
the device are that it undercounts steps in obese individuals 
since it does not work as well when tilted on the belt, and it 
undercounts steps at slow walking speeds, recording about 
75 % of steps at 2 mph and 50 % of steps at 1 mph [29].

When using pedometers to prescribe exercise, it impor-
tant to use an accurate pedometer. To perform a quick check 
on accuracy, have the patient put on the pedometer, re-zero 
it, and take 20 steps in a hallway. The pedometer should 
record within 1–2 steps of the 20. Written instructions should 
be given [30]:

• The pedometer should be worn at all times except when 
bathing or in bed.

• We want you to record the total number of steps you take 
each day.

• As soon as you wake up each morning, put the step coun-
ter on your clothing and wear it all day.

• Just before you go to bed at night, please remove the 
pedometer, write down the number of steps for that day 
(in your activity log), and then re-zero the pedometer.

• Repeat the procedure the next day.

The following categories can be used to classify pedometer-
determined steps per day in healthy adults: sedentary lifestyle 
( 5000 steps per day), 5000–7499 steps per day (low active), 
7500–9999 steps per day (somewhat active), 10,000–12,499 
steps per day (active), 12,500 or more steps per day (highly 
active) [31]. The ACSM advises that patients who take at 
least 8000 steps per day are likely to meet the national rec-
ommendation of 30 min of physical activity per day.

Since there is day-to-day variability in step counts, it 
takes about 1 week to get a reliable measure of a person’s 
steps per day. Thus, patients should be instructed to wear 
the pedometer for a week as they go about their daily ac-
tivities in order to determine their baseline value. Then, they 
should be given a goal for increasing daily step counts. The 
goal can either be to increase their daily steps by a certain 
amount above baseline (e.g., 3000 steps, which is roughly 
equivalent to 30 min of walking and 1.5 miles) or to achieve 
a total daily step count that is known to have health benefits 
(e.g., 10,000 steps). Alternatively, patients can be allowed 
to self-select goals that they feel are achievable given their 
medical conditions. Since a cadence of 100 steps per minute 
is roughly equivalent to 3 metabolic equivalent (METs), this 
can be helpful in ensuring that the intensity is in the mod-
erate-to-vigorous range. In addition to the pedometer and 
daily step goal, it is important for participants to log their 
steps so that they can see their improvement, referred to as 

Fig. 8.1  Yamax SW-200 
spring-levered pedometer. 
(Figure courtesy of Dr. Teresa 
Vollenweider)
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self-monitoring. Asking patients to show their activity logs 
to the HCP provides a level of accountability and an oppor-
tunity to discuss it at the next office visit.

Piezoelectric Data-Storing Pedometers

A new type of pedometer uses an accelerometer for step 
counting, rather than a mechanical device. The internal 
mechanism uses a piezoelectric material that responds to ac-
celeration; steps are registered by counting the number of 
acceleration peaks or zero-crossings. These devices are far 
more accurate than spring-levered pedometers in individuals 
with obesity. Thus, they are a good choice for patients who 
carry excess weight. Piezoelectric pedometers still have the 
problem of not detecting all steps at slow walking speeds; 
however, the errors are not as great as with the previous gen-
eration of pedometers.

The New-Lifestyles NL-1000 (New-Lifestyles, Lees 
Summit, MO; $55), Omron HJ-720ITC (Omron Health-
care, Lake Forest, IL; $40), and FitBit Zip (FitBit, Inc., San 
Francisco, CA; $59) are examples of accelerometer-based 
pedometers. These devices have good validity for step 
counting. Another advantage is that they can store data in 
memory. The New-Lifestyles pedometer can store 8 days in 
1-day epochs; the Omron can store 41 days in 1-hour epochs 
(Fig. 8.2). With the New-Lifestyles pedometer, the data must 
be retrieved manually by scrolling back through the days; 
however, the Omron and FitBit allow data to be downloaded 
to a computer in the home or clinic, or they can be trans-
ferred to the patient’s laptop or smartphone and uploaded to 
a website. An advantage of these two data-storing pedom-
eters is that they do not rely on patients to log their steps, and 
besides, clinicians can obtain a more accurate picture of the 
patient’s activity. In addition, both Omron Healthcare, Inc. 
(www.Omronfitness.com) and FitBit (www.Fitabase.com) 
have developed web-based platforms to simplify data man-
agement for tracking large numbers of individuals.

Accelerometers

The ActiGraph GT3X+ (ActiGraph, LLC, Pensacola, FL) 
is the most widely used triaxial accelerometer-based activ-
ity monitor in research; the newest generation is called the 
ActiGraph Link (Fig. 8.3). Other similar devices include the 
Actiwatch (Phillips Healthcare, Andover, MA), GENEActiv 
(ActivInsights, Kimbolton, UK), and RT3 (Stayhealthy, Inc., 
London, UK). The ActiGraph was introduced more than 20 
years ago, and although successive generations have become 
smaller/lighter and the memory capacity has been expanded, 
the device output has remained relatively stable over time. 
The ActiGraph has good reliability [32] and technical valid-
ity [33]. The ActiGraph measures body acceleration, filters 
the raw data, and integrates it to yield a metric called “activ-
ity counts per minute.” The researcher then applies activity 
count cut points that categorize each minute of the day into 
sedentary, light, moderate, or vigorous activity. Barriers to 
the use of this device in clinical practice include high cost 
($225 each + $1495 for ActiLife research software) and la-
bor-intensive procedures for processing the data after they 
are collected.

The ActiGraph Study Admin Portal was developed in 
2014 to facilitate the use of the ActiGraph GT3X+ in clinical 
trials. This was introduced in 2014 to simplify data manage-
ment for medical researchers who wish to conduct single or 
multicenter trials while standardizing the data and making 
the data postprocessing invisible to the user. An overall study 
coordinator works with the company to design the study pro-
tocol, then site coordinators are trained in the protocol (e.g., 
initialization of the devices, placement site on the patient, 
and length of the observation period). After the data are 
collected, the device is connected to a computer by a USB 
cable. The site coordinator uploads data to a cloud-based 
server where postprocessing occurs automatically. Each site 
coordinator can access the data collected at their site and the 
study coordinator can access all of the data.

Fig. 8.3  ActiGraph Link 
physical activity monitor. An 
example of an accelerometer-
based wearable monitor used 
in research. (Figure courtesy 
of ActiGraph, LLC)

 Fig. 8.2  Omron HJ-720 ITC, 
a pedometer with piezoelec-
tric accelerometer internal 
mechanism. (Figure courtesy 
of Omron Healthcare, Inc.)

 

http://www.Omronfitness.com
http://www.Fitabase.com
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SenseWear Armband

The SenseWear Pro3 Armband (BodyMedia, Inc., Pitts-
burgh, PA) is a new physical activity monitor that provides 
data on steps and caloric expenditure (Fig. 8.4). This mul-
tisensor device is worn on the upper arm, over the triceps 
muscle, and measures acceleration, skin temperature, heat 
flux, and galvanic skin response. The cost of the device is 
$500, display $100, and software $2500.

A unique feature of the SenseWear Armband is the use of 
“machine learning” algorithms to estimate energy expendi-
ture [34]. As a result, the SenseWear Armband is currently 
one of the most accurate devices on the market for estimat-
ing the rate of caloric burn in various activities [35, 36]. It 
has been validated for total daily energy expenditure (TDEE) 
and PAEE over 2 weeks, with favorable comparisons to the 
doubly labeled water technique [37]. The SenseWear Arm-
band has been used in a study of energy balance: When 
combined with a group weight loss program, armband use is 
associated with significant weight loss over 9 months [38].

activPAL

The activPAL (PAL Technologies Ltd., Glasgow, Scot-
land) is a device worn on the thigh that detects the amount 
of time that is spent lying/sitting, standing, and ambulating 
(Fig. 8.5). The mechanism is a triaxial accelerometer that 
senses not only dynamic acceleration due to body move-
ments but also static acceleration due to gravity. From the 
latter, it can detect the angle of inclination of the thigh, al-
lowing it to discriminate between sitting/lying and standing. 
The cost of the device is $519 + $770 for the docking station 

and software. The activPAL is very accurate for detecting the 
amount of time spent in various body positions [39].

Conclusions

Primary care HCPs can provide advice or counseling to their 
patients regarding physical activity. Unfortunately, there is 
still a lack of consensus on the efficacy of physical activ-
ity counseling, in part, due to differences in study designs, 
implementation, and patient populations. Simple, brief ques-
tionnaires can be used to assess where a patient stands re-
garding exercise. These include Physical Activity as a Vital 
Sign, PAR-Q, and Stages of Exercise Behavior Change. 
Recent studies conducted in primary care settings indicate 
that using pedometers (in conjunction with a daily step goal, 
activity log, and follow-up) may be helpful in encouraging 
patients to increase their levels of physical activity, leading 
to more active and healthier lifestyles. Other types of more 
sophisticated activity monitors can provide further data in 
research settings. Time constraints are a significant barrier 
to the implementation of physical activity counseling in pri-
mary care, although pedometer-based programs focused on 
daily step goals may help motivate patients and increase ad-
herence.
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Abbreviations

ABI Ankle Brachial Index
ACC-AHA  American College of Cardiology-American 

Heart Association
ASCVD  Atherosclerotic cardiovascular disease
CAC Coronary artery calcium
CI Confidence interval
cIMT Carotid intima-media thickness
CHD Coronary heart disease 
CKD Chronic kidney disease 
CVD Cardiovascular disease 
DPP Diabetes Prevention Program 
GFR Glomerular filtration rate 
HDL-C High-density lipoprotein cholesterol 
IDL Intermediate-density lipoprotein 
LDL-C Low-density lipoprotein cholesterol 
MetS Metabolic syndrome 
MESA Multi-Ethnic Study of Atherosclerosis 
NHANES  National Health and Nutrition Examination 

Surveys 
NMR Nuclear magnetic resonance 
PAD Peripheral artery disease 
RR Relative risk 
T2D Type-2 diabetes 
TG Triglycerides 

TOS The Obesity Society 
VLDL Very low-density lipoprotein

Introduction

This chapter reviews the utility of measuring biometric pa-
rameters as they relate to the practice of lifestyle medicine 
and estimating risk for type-2 diabetes (T2D) and athero-
sclerotic cardiovascular disease (ASCVD). All of the new 
2013 American College of Cardiology-American Heart As-
sociation (ACC-AHA) Prevention Guidelines emphasize the 
key role of lifestyle in the prevention of ASCVD [1–3]. The 
2013 AHA/ACC Guideline on Lifestyle Management to Re-
duce Cardiovascular Risk, as the title implies, provides evi-
dence-based lifestyle recommendations for those who need 
to lower low-density lipoprotein cholesterol (LDL-C) and/
or elevated blood pressure [1]. The 2013 AHA/ACC/The 
Obesity Society (TOS) Guideline for the Management of 
Overweight and Obesity in Adults addresses lifestyle issues 
related to those with excess weight and obesity [2]. The 2013 
ACC/AHA Guideline on the Assessment of Cardiovascular 
Risk presented a 30-year or lifetime ASCVD risk estimation 
on the basis of traditional risk factors for adults aged 20–59 
years who are free from ASCVD and not at high short-term 
risk [3]. This guideline noted that this long-term and lifetime 
risk information was most appropriate to motivate improved 
lifestyle change in younger individuals aged 20–59 years. 
Finally, the 2013 ACC/AHA Guideline on the Treatment of 
Blood Cholesterol to Reduce Atherosclerotic Cardiovascular 
Risk in Adults specifically noted: “It must be emphasized 
that lifestyle modification (i.e., adhering to a heart-healthy 
diet, regular exercise habits, avoidance of tobacco products, 
and maintenance of a healthy weight) remains a crucial com-
ponent of health promotion and ASCVD risk reduction, both 



84 N. J. Stone et al.

prior to and in concert with the use of cholesterol-lowering 
drug therapies.” [4].

Metabolic Syndrome

Some critics of the new guidelines noted that metabolic syn-
drome (MetS) and other biomarkers of use in clinical practice 
were not recommended for the basic treatment algorithm. 
Adult Treatment Panel III put the concept of the “metabolic 
syndrome” in sharp focus as a crucial consideration for those 
in need of therapeutic lifestyle change [5]. Three or more of 
the following clinical metabolic parameters are required for 
diagnosis: waist circumference, elevated triglycerides (TG), 
low high-density lipoprotein cholesterol (HDL-C), elevated 
blood sugar, or elevated blood pressure. One strong advan-
tage of MetS was its ability to identify metabolic factors 
that improve with lifestyle change [6]. Although the MetS 
construct predicts T2D and coronary heart disease (CHD), 
there have been calls for definitive trials to see if MetS inde-
pendently predicts CHD [7]. The obesity guideline provides 
an evidence base to understand improvements in MetS risk 
factors that occur with lifestyle changes [2]. Table 9.1 lists 
some of the traditional risk variables included in the pooled 
cohort equations and the overlap with variables of the MetS. 
Furthermore, both lifestyle and obesity/overweight recom-
mendations discuss exercise, diet, and weight management 
strategies that improve MetS variables.

Biomarkers to Inform ASCVD Clinician–Patient 
Risk Discussion

The 2013 ACC/AHA Guideline on the Assessment of Car-
diovascular Risk noted four variables that could inform a 
risk decision when a quantitative risk decision was uncertain. 
These variables were chosen to improve discrimination, cali-
bration, and net reclassification criteria; in other words, they 
can serve as “tie-breakers” when a risk decision is uncertain 
based on traditional risk factors. These variables included:

• Family history of premature ASCVD
• Coronary artery calcium (CAC) score ≥ 300 Agatston 

units or ≥ 75th percentile (from Multi-Ethnic Study of 
Atherosclerosis (MESA) based on age, race, and sex; see 
http://www.mesa-nhlbi.org/CACReference.aspx)

• High-sensitivity C-reactive protein (hs-CRP) ≥ 2.0 mg/L
• Ankle brachial index (ABI; Table 9.2)

Premature parental onset of cardiovascular disease (CVD) is 
defined as the incidence of a CVD event before the age of 
55 years among first-degree male relatives and before the age 
of 65 years among first-degree female relatives [3]. Family 
history of premature CVD is observed to be an independent 
predictor of CVD risk, partially due to the fact that several 
risk factors of CVD, including dyslipidemia, T2D obesity, 
and hypertension, are genetically linked [8]. However, the 
link between family history of premature CVD and CVD risk 
is still present even after adjusting for traditional risk factors 
[8, 9]. The link is substantial; approximately 75 % of patients 
with a premature CVD event have a family history of pre-
mature CVD [10, 11]. Yet, in a study including data from the 

Table 9.1  Metabolic syndrome factors in 2013 Guidelines
Metabolic factors 2013 AHA/ACC Guideline on 

Lifestyle Management to Reduce 
Cardiovascular Risk

2013 AHA/ACC/TOS Guideline 
for the Management of Over-
weight and Obesity in Adults

2013 ACC/AHA Guideline on the 
Assessment of Cardiovascular 
Risk

Waist circumferencea N/A Advised measuring waist circum-
ference (expert opinion)

Not a variable in ASCVD risk 
estimator

Elevated TG TG decreased when trans fats 
were replaced by MUFA/PUFA; 
TG also reduced by resistive 
exercise

Sustained weight loss of 3–5 % is 
likely to result in clinically mean-
ingful reductions in TG

Not a variable in ASCVD risk 
estimator

Low HDL-C HDL-C raised when trans fatty 
acids were replaced by MUFA/
PUFA/SF; also raised by aerobic 
exercise

Greater amounts of weight loss 
will improve HDL-C

Variable in ASCVD risk estimator

Systolic blood pressure (BP) Recommends lifestyle changes to 
lower BP

Greater amounts of weight loss 
will improve BP

Variable in ASCVD risk estimator

Elevated blood glucose N/A Sustained weight loss of 3–5 % 
is likely to result in clinically 
meaningful reductions in glucose, 
A1C, and risk of diabetes

Variable in ASCVD risk estimator

AHA American Heart Association, ACC American College of Cardiology, TOS The Obesity Society, N/A not applicable, ASCVD atherosclerotic 
cardiovascular disease, TG triglycerides, MUFA monounsaturated fatty acids, PUFA polyunsaturated fatty acids, HDL-C high-density lipoprotein 
cholesterol, SF saturated fatty acids
a Cutoff points are population specific and country specific

http://www.mesa-nhlbi.org/CACReference.aspx
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Framingham parental and offspring cohorts, researchers ob-
served that inclusion of family history with the traditional risk 
assessment increased risk among offspring who were at inter-
mediate risk owing to borderline cholesterol and blood pres-
sure levels [9]. Consideration of family history of premature 
CVD added little value for those at very low or very high risk.

High CAC scores are associated with CVD, and the ad-
dition of CAC scores to existing risk assessment models has 
shown to predict increased CVD risk beyond the traditional 
risk factors. MESA indicated improvement of the “c-statis-
tic,” an index of the ability of the prediction model to dis-
criminate future cases from non-cases, from 0.79 to 0.83 with 
inclusion of CAC to the Framingham risk assessment model 
[8]. The Framingham risk score utilized age, sex, blood pres-
sure, blood pressure treatment status, tobacco usage, choles-
terol, and HDL-C. In this sense, it differed from the pooled 
cohort equations used by the 2013 ACC-AHA Prevention 
Guidelines. They used CVD (heart attack and stroke) as end-
points and also utilized diabetes in the model. Relative risk 
(RR) for CVD events increases with higher CAC burden [8], 
even among patients at low ASCVD risk [12]. However, the 
addition of CAC to traditional risk factors has conferred the 
most improvement to risk prediction among asymptomatic 
individuals with intermediate risk [12]. Patients at interme-
diate risk of ASCVD have also been viewed as the target 
population for which CAC scores may be considered by the 
2013 Risk Assessment Guideline [3].

ABI involves a simple clinical assessment to diagnose pe-
ripheral artery disease (PAD) and has been linked to future 
CVD events [8]. ABI has shown limited added value to tra-
ditional risk models of ASCVD for asymptomatic patients. 
However, the net reclassification improvement of adding ABI 
might be more pertinent to and higher for patients of older age 
and/or patients with intermediate ASCVD risk [13].

hs-CRP is an extensively studied serum biomarker of 
CHD risk. Although currently available data do not support 
that hs-CRP is in the causal pathway of CHD events [14], 
elevated levels of hs-CRP have a robust, independent associa-
tion with CHD risk. Using meta-analytic techniques, Buckely 
et al. [15] reported an RR of 1.58 (95 % confidence interval 
(CI) 1.37–1.85) for the highest quartile to the lowest quar-
tiles of hs-CRP. Although these associations are robust, add-
ing hs-CRP as another variable in the traditional Framingham 
risk equations results in a modest, at best, increase in the c-
statistic, indicating that hs-CRP value in the population-wide 

assessment of CHD risk in asymptomatic patients may be 
limited [16–18]. However, in patients at clinical thresholds 
for treatment, hs-CRP may be helpful at reclassifying people 
to a treatment or nontreatment group [19]. Furthermore, in 
the Justification for the Use of Statins in Prevention: an Inter-
vention Trial Evaluating Rosuvastatin (JUPITER) study [20], 
individuals with hs-CRP ≥ 2.0 mg/L who were overweight, 
prehypertensive, with modest dyslipidemia (41 % had MetS), 
and were treated with 20 mg rosuvastatin per day had a nearly 
50 % reduction in the risk for CHD, stroke, and revasculariza-
tion compared to individuals who were on placebo. It should 
be noted, however, that this trial was a primary prevention 
trial of rosuvastatin, not a trial designed to test the clinical 
utility of checking hs-CRP, as there was no “normal” CRP 
arm. In light of these data, hs-CRP may be a useful marker 
when an individual’s risk assessment is deemed insufficient 
to make a risk decision about statin treatment.

Additional Biomarkers Considered for ASCVD 
Risk Estimator

The 2013 ACC/AHA Guideline on the Assessment of Car-
diovascular Risk carefully discussed evidence for not rec-
ommending variables such as apolipoprotein B100 (ApoB), 
glomerular filtration rate (GFR), microalbuminuria, carotid 
intima-media thickness (cIMT), and cardiorespiratory fitness. 
However, there exists concern over the exclusion of these 
variables. The Risk Assessment Guideline specifically asked 
a critical question: “What is the evidence with regard to re-
classification or contribution to risk assessment when hs-CRP, 
ApoB, GFR, microalbuminuria, family history, cardiorespira-
tory fitness, ABI, CAC, or cIMT are considered in addition 
to the variables that are in the traditional risk scores?” To de-
termine if these risk factors should be added to the traditional 
assessment when a quantitative assessment of ASCVD risk is 
uncertain, the risk assessment working group considered avail-
ability, cost, assay reliability, and direct and indirect (down-
stream) adverse effects of testing [21]. It should be noted that 
risk markers such as ApoB, microalbuminuria, cardiorespira-
tory fitness, and cIMT could not be evaluated in creating the 
pooled cohort equations due to the absence of data or lack of 
inclusion in the appropriate examination cycle of one or more 
of the cohorts studied. Moreover, unlike the other risk factors 
listed above, the above risk markers were not recommended 

Table 9.2  Variables chosen by the Risk Assessment Guideline to improve discrimination, calibration, and net reclassification criteria
Measured variable Criteria
Family history of premature ASCVD First-degree relatives with premature CVD: male < 55; female < 65
hs-CRP ≥ 2.0 mg/L
CAC score ≥ 300 Agatston units or ≥ 75th percentile based on age, sex, and ethnicity (MESA calculator)
ABI < 0.9

For additional information, see http://www.mesa-nhlbi.org/CACReference.aspx
ABI ankle brachial index, ASCVD atherosclerotic cardiovascular disease, CAC coronary artery calcium, CVD cardiovascular disease, hs-CRP high-
sensitivity C-reactive protein, MESA Multi-Ethnic Study of Atherosclerosis

http://www.mesa-nhlbi.org/CACReference.aspx
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as potential adjuncts to quantitative risk estimation. This was 
not arbitrary. The panel evaluated the degree to which each of 
these variables added to risk assessment in terms of improved 
discrimination, calibration, reclassification, and cost-effective-
ness. Nonetheless, each of the variables has a place in clinical 
evaluation. For example, an assessment of cardiorespiratory 
fitness is an important risk factor to discuss with patients when 
lifestyle changes are considered; this highlights the point that 
clinicians are remiss not to address sedentary behaviors [22].

Measurement of ApoB concentrations may also offer im-
proved diagnosis in genetic lipid disorders and may indicate 
high-risk patients with seemingly normal or low-risk lipid 
patterns [23, 24]. Since ApoB is in a 1:1 ratio with athero-
genic lipoprotein particles (LDL, very low-density lipoprotein 
(VLDL), and intermediate-density lipoprotein (IDL)), mea-
surement of ApoB yields an estimate of atherogenic particle 
number [25]. This measure may be helpful in individuals with 
characteristics of MetS (e.g., insulin resistance and central 
obesity) who have low to normal levels of LDL-C, because 
some of these individuals may have a high number of cho-
lesterol-depleted ApoB lipoproteins [26]. Thus, their ASCVD 
risk may be higher than the level of LDL-C would suggest. In 
fact, in several community-based cohort studies, individuals 
with low to normal levels of LDL-C, but high levels of ApoB, 
had significantly greater CHD risk than individuals who had 
low LDL-C and low ApoB [27, 28]. When studied in the as-
ymptomatic population at large, however, addition of ApoB 
to traditional risk prediction models did not substantially im-
prove the discrimination capacity (c-statistic) of the Framing-
ham risk prediction model [29].

Those with T2D and hypertension benefit from assess-
ment of microalbuminuria [30]. When albumin in the urine is 
elevated in the 30–300 mg range (above this it can be detect-
ed simply with a urine dipstick test), it can predict complica-
tions in those with T2D as well as be a marker for athero-
sclerotic events [31]. Furthermore, the presence of chronic 
kidney disease (CKD), indicated by decreased GFR, did not 
merit a separate “statin benefit” category. Indeed, most pa-
tients with CKD over age 40, with the exception of those 
on chronic hemodialysis, qualify for statin treatment when 
quantitative risk assessment is performed as recommended 
by the 2013 ACC-AHA Guidelines [3].

cIMT is linked to coronary artery disease and stroke 
events [32]. However, the new Risk Assessment Guideline 
noted limited added significance of this variable to the tradi-
tional risk factors for a first ASCVD event [3].

Role of LDL-C, LDL Particles, and Non-HDL-C  
to Predict ASCVD Risk

There are additional biomarkers such as LDL-C, LDL parti-
cles, and non-HDL-C (total cholesterol minus HDL) that play 
a role in ASCVD risk estimation. Nuclear magnetic resonance 

(NMR) can be used to determine quantitation of lipoprotein 
particles and their sizes. NMR quantifies lipoproteins accord-
ing to the amplitudes of spectral signals emitted by lipopro-
tein subclasses rather than provides quantitation of cholesterol 
content [33]. Thus, NMR yields unique information about li-
poprotein subclasses and incident T2D [34]. Indeed, a simple 
means of determining insulin resistance may be predicted by 
an NMR-derived score [35]. On the contrary, in a prospective 
study of healthy women, cardiovascular disease risk predic-
tion by NMR was comparable but not superior to that of stan-
dard lipids or apolipoproteins [36]. Table 9.3 lists various lipid 
variables along with their adjusted hazard ratios for incident 
CVD observed in the Women’s Health Study. LDL particle 
size can confirm a small, dense LDL phenotype. Moreover, 
LDL particles predict LDL-associated atherosclerotic risk 
better than LDL-C levels when the two markers are discor-
dant [37]. On the other hand, LDL particles correlate closely 
with non-HDL-C. The new guidelines use total and HDL-C 
(which can be non-fasting) for the pooled cohort equations in 
the ASCVD risk estimator to determine estimated the 10-year 
ASCVD risk. Thus, the new guidelines are essentially using 
non-HDL, not LDL to determine estimated short- and long-
term ASCVD risk. This is important because the patients most 
in need of lifestyle counseling, those with MetS variables, 
often have an elevated non-HDL more prominently than an 
elevated LDL, as shown using lipid data1 from the National 
Health and Nutrition Examination Surveys (NHANES) 2005–
2010 [38]. For most patients, non-HDL-C will provide a use-
ful barometer of how patients are doing with lifestyle change 
if they have MetS. As a guidepost (not a fixed target), getting 

1 Lipid data from NHANES surveys 2005–2010 showed participants 
with high non-HDL-C and normal LDL-C values were older and more 
likely to be men, Hispanic and have impaired fasting glucose, T2D, 
and MetS.

Table 9.3  Lipids, NMR lipoproteins, and immunoassay apoproteins 
along with incident CVD in 27,673 initially healthy women in the 
Women’s Health Study [37]
Variable Adjusted hazard ratio (95 % CI) 

for incident CVD (log scale)
LDL NMR size (lowest quintile) 1.06 (adjusted only for non-

lipid risk factor)
LDL cholesterol 1.74
HDL cholesterol (lowest quintile) 2.08
Total LDL 100 particles 2.51
Non-HDL cholesterol 2.52
Apolipoprotein B 100 2.57
Triglycerides 2.58
Apolipoprotein B100/A-1 2.79
Total/HDL cholesterol 2.82

CI confidence interval, CVD cardiovascular disease, HDL high-den-
sity lipoprotein, LDL low-density lipoprotein, NMR nuclear magnetic 
resonance



879 Metabolic Profiles—Based on the 2013 Prevention Guidelines

non-HDL-C under 130 mg/dl indicates a low-risk range for 
primary prevention.

Markers of Risk Versus Fixed Risk Targets

There is some confusion over biomarkers as markers of risk 
versus fixed risk targets—not all biomarkers that offer utility 
as markers of risk warrant usefulness as risk targets of treat-
ment. There are examples where biomarkers can serve as 
both markers of risk and as risk targets. For example, LDL-
C, non-HDL-C, and LDL particles are all markers of risk for 
ASCVD. LDL-C, for example, is an important causal fac-
tor for atherosclerosis, but is a relatively poor biomarker in 
that it does not easily separate those at risk from those not at 
risk. The 2013 ACC-AHA Guidelines believe that utilizing 
arbitrary fixed targets can lead to unproven additional drug 
therapy. The 2013 ACC-AHA Guidelines advocate a com-
prehensive program for lifestyle in addition to medications 
proven to be safe and effective in randomized controlled tri-
als, such as statins, ezetemibe, bile acid sequestrants, and 
fibrates. Niacin can aggravate the MetS by increasing in-
sulin resistance and should not be used simply because it 
raises HDL-C [39]. Similarly, MetS is a marker for T2D and 
ASCVD risks [5], and due to lack of any drugs to specifi-
cally treat MetS, lifestyle change is the recommended treat-
ment, as successfully adapted by interventions such as the 
Diabetes Prevention Program (DPP) [40].

Finally, we would like to stress the importance of lifestyle 
change in secondary prevention patients. The Treat to New 
Targets Study compared high-intensity statin therapy (ator-
vastatin 80 mg/day) with moderate-intensity statin therapy 
(10 mg/day) in those with chronic coronary artery disease 
[41]. They found that factors such as increased body mass 
index, smoking, hypertension, and diabetes mellitus predict-
ed residual risk. Thus, we endorse, as do the 2013 Guide-
lines, the implementation of a multifaceted prevention ap-
proach that has a strong lifestyle component to address more 
completely the causes of residual risk.

Conclusion

Risk factor assessment panels incorporating large numbers of 
biometric parameters can estimate ASCVD risks and serve as 
quantitative tools in lifestyle medicine. The 2013 ACC-AHA 
Guidelines recommend using the pooled cohort equations for 
estimating lifetime risk in adults 20–59 years as well as for 
estimating 10-year risk in adults between 40–75 years [3]. An 
estimation of lifetime risk can be used to aid lifestyle discus-

sions with the patient while the latter 10-year risk equations 
can be used to begin a risk discussion to explore the merits 
of statin therapy in those primary prevention patients with-
out T2D but with a 10-year estimated risk of 7.5 % of more. 
These can be easily accessed by the ACC-AHA risk estimator 
available online [42]. The assessment of the MetS continues 
to be of clinical value to the clinician as it identifies meta-
bolic parameters that are easily measurable, understood by the 
patient as markers of a poor cardio-metabolic prognosis, and 
importantly, markers that all improve with lifestyle changes.
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Abbreviations

CCM Chronic care model 
EMR Electronic medical record 
A1C Hemoglobin A1c 
NCQA National Committee on Quality Assurance 
PCMH Patient-centered medical home 
RN Registered nurse 
T2D Type-2 diabetes

Introduction

In the late 1990s, Ed Wagner and associates at the MacColl 
Institute for Health Care Innovation formulated a new model 
for the care of patients with chronic illness [1]. Since then, 
the chronic care model (CCM) has been universally em-
braced as the guide for improving chronic care.

Performance data reveal that chronic care needs a great 
deal of improvement. For example, 54 % of people with 
hypertension are poorly controlled [2], 67 % with elevated 
cholesterol have not reached lipid-lowering goals [3], and 
48 % of people with diabetes have not achieved glycemic 
control [4].

Because the majority of chronic illness care is performed 
within the primary care setting, the CCM constitutes a major 
rethinking of primary care practice. This chapter will de-
scribe the six components of the CCM, review some of the 
evidence linking CCM components to improved clinical out-
comes, highlight the self-management support component as 
the foundation of chronic illness care, and finally explore the 
relationship between the CCM and the overall transforma-
tion of primary care.
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Describing the Chronic Care Model

Chronic care takes place within three overlapping galaxies: 
(1) the entire community, with its myriad resources and nu-
merous public and private policies; (2) the health-care system, 
including its payment structures; and (3) the provider organi-
zation, most importantly the primary care practice, whether 
a community health center, a small physician practice, or an 
integrated delivery system. One component—community re-
sources and policies—subsumes the entire community gal-
axy and a second component—the health-care system—re-
sides in the second galaxy. The four other components—de-
cision support, delivery system design, clinical information 
systems, and self-management support—are features of the 
primary care practice itself. Efforts to implement these four 
primary care-centered components of the CCM have been 
central to the vibrant campaign to transform primary care 
practice in the USA and in other nations.

Component 1. Community Resources and Policies

To improve chronic care, provider organizations need link-
ages with community-based resources, for example, exer-
cise programs, parks and recreation facilities, safe neighbor-
hoods, senior centers, public health laws and regulations, 
and self-help groups. Community linkages—for example, 
with hospitals offering patient education classes or home 
care agencies—are especially helpful for small physician of-
fices with limited resources.

Component 2. Health-Care Organization

The structure, goals, and values of the larger system in which 
primary care practices exist have a profound influence on 
chronic care. If the entire health-care system, or the larger 
provider organization of which a primary care practice is a 
part, does not view chronic care as a priority, improvement 
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will not take place. If primary care practices are reimbursed 
only for clinician visits, the practices will have a difficult 
time implementing other CCM components which require 
the participation of team members whose work is not paid 
for. If millions of people have no health insurance, they can-
not afford the care that is essential for controlling their chron-
ic conditions. If low- or medium-income families with health 
insurance face large deductibles and co-payments, they will 
also have difficulty accessing primary care services.

Component 3. Decision Support

Evidence-based clinical practice guidelines provide stan-
dards for optimal chronic care and should be integrated into 
daily practice through reminders. Guidelines are reinforced 
by physician “champions” who lead educational sessions 
for practice teams. Ideally, specialist expertise is a mere 
telephone call or e-consultation away. Practices that have 
fully implemented decision support have embedded practice 
guidelines into the electronic medical record, available for 
clinicians to consult with one click of the mouse.

Component 4. Delivery System Design

The “tyranny of the urgent” refers to the prioritization of 
acute problems over chronic and preventive care. To combat 
this phenomenon, planned visits whose only agenda is the 
management of the patient’s chronic conditions are required. 
This usually means having non-clinician (“clinician” refers 
to physicians, nurse practitioners, and physician assistants, 
the personnel with the most training) team members—nurs-
es, pharmacists, health educators, or health coaches—lead-
ing the planned visits. This change in practice design requires 
that primary care practices develop well-functioning teams 
in place of clinician-only care. The clinician role becomes 
the treatment of patients with acute problems, management 
of stubbornly difficult and complex chronic care patients, 
and the training and mentoring of non-clinician team mem-
bers. Non-clinician personnel are trained to support patient 
self-management, arrange for routine periodic tasks (e.g., 
laboratory tests for diabetic patients, eye examinations, and 
foot examinations), and ensure appropriate follow-up.

Component 5. Clinical Information Systems

Computerized information has three important roles: (1) re-
minder systems that help primary care teams adhere to prac-
tice guidelines; (2) feedback to clinicians and teams, show-
ing how each is performing on chronic illness measures such 
as hemoglobin A1c (A1C) and lipid levels; and (3) registries 
for conducting population-based care. Registries, a central 
feature of the CCM, are lists of all patients with a particu-

lar chronic condition in a practice’s or clinician’s panel. The 
registry feeds into a reminder pop-up message on the elec-
tronic medical record, which flags laboratory work or exami-
nations not performed according to schedules recommended 
by clinical practice guidelines. Non-clinician practice per-
sonnel, panel managers, periodically review the registry to 
identify and contact patients overdue for routine studies or 
with poor disease control in order to bring those patients into 
care.

Component 6. Self-Management Support

For chronic conditions, patients themselves become the 
principal caregivers [5]. Management of these illnesses can 
be taught to most patients, and substantial segments of that 
management—healthy eating, exercise, and medication 
use—are under the direct control of the patient. Self-man-
agement support involves collaboratively helping patients 
and their families acquire the knowledge, skills, and confi-
dence to manage their chronic illness. Self-management is 
particularly important for the successful implementation of 
lifestyle medicine.

Interdependence of the Components

The six components of the CCM build upon one another. 
Delivery system redesign and the formation of primary care 
teams with a division of labor are essential to teach self-
management because physicians do not have time for this 
activity. For registries to be successful, redesigning delivery 
systems is necessary so that one member of a primary care 
team is responsible for working the registry. Clinical practice 
guidelines, a key decision-support tool, provide the evidence 
upon which the physician feedback data and reminder sys-
tems are based.

As its ultimate goal, the CCM envisions an informed, ac-
tivated patient interacting with a prepared, proactive prac-
tice team, resulting in satisfying encounters and improved 
outcomes [1]. Is the model a utopian concept, impossible to 
implement in the rough-and-tumble world of primary care? 
A number of organizations have attempted to introduce the 
model. Some have enjoyed success, while others were un-
able to sustain the improvements. For practices across the 
country, the CCM remains an ideal toward which to aspire.

Evidence Supporting Chronic Care Model 
Components

Since the CCM was introduced in the late 1990s, consider-
able evidence has accumulated to support the four primary 
care-based components of the model.



9110 The Chronic Care Model and the Transformation of Primary Care

Decision Support

Creating practice guidelines for the care of chronic illness 
has only a minimal impact on quality unless the guidelines 
are woven into the daily fabric of patient care, most effec-
tively by integrating them into the electronic medical record 
(EMR) [6]. In a randomized trial, patients with diabetes 
whose physicians used an EMR-based decision support sys-
tem had significantly better levels of A1C and systolic blood 
pressure than patients of physicians without such decision 
support [7]. Electronic decision support improves safety and 
reduces costs as well. A review of 20 studies of computerized 
decision support found evidence that they reduced prescrib-
ing error rates on the order of 50 % [8]. Electronic decision 
support evaluations confirm their usefulness but add a cau-
tionary note. Studies find that clinicians override 49–96 % 
of the decision support alerts. Higher specificity of alerts 
coupled with clear explanations may help improve the utility 
of decision aids and their ability to prevent error [9].

Delivery System Design

Growing evidence demonstrates that redesign of the deliv-
ery system can improve chronic care. Effective self-man-
agement support requires proactive, planned care in which 
the proper team member has dedicated time to focus on self-
management support [10]. Planned group visits for patients 
with diabetes significantly reduced A1C levels and hospital 
use for these patients in the Kaiser Permanente system [11].

In one study, patients with diabetes participated in a 20-
min planned pre-visit with a clinic assistant to set the agenda 
and prepare questions for the ensuing physician visit. The 
engaged patients achieved an average A1C reduction from 
10.6 to 9.1 %, while A1C levels for a control group increased 
from 10.3 to 10.6 %. Audiotapes of the physician visits 
showed that the engaged patients were twice as effective as 
controls in eliciting information from the physician [12].

Longer, more structured planned visits create an opportu-
nity for primary care team members, often nurses, to provide 
care management for patients with chronic conditions. Care 
management refers to more intensive engagement with pa-
tients, generally taking place during planned visits and phone 
calls by a non-physician member of the care team [13]. In a 
systematic review of 41 studies of patients with diabetes, the 
involvement of a nurse care manager—providing patient edu-
cation, self-management support, and in some cases medica-
tion management using protocols—was associated with im-
proved glycemic and lipid control. When nurse care manag-
ers are closely integrated with or embedded in primary care, 
they have been shown to improve outcomes and reduce costs 
for elderly and complex, chronically ill populations. A period 
of more intensive surveillance and involvement by a nurse or 
other clinical care managers has been shown to improve out-
comes for more complex patients with chronic illness [14].

An important feature of planned chronic illness care is 
regular follow-up. The benefits of self-management support 
for patients with diabetes diminish over time without sched-
uled follow-up, and the total time caregivers spend with 
patients correlates with glycemic control. Similarly, regu-
lar follow-up is necessary for hypertension management; 
moreover, reviews of trials of patients with heart failure dis-
charged from the hospital find that nurse-led follow-up is as-
sociated with large reductions in heart failure readmissions. 
Patients with consistent follow-up have better adherence to 
medications and lifestyle behaviors [15].

Clinical Information Systems

A systematic review found that registries identifying and 
bringing at-risk patients with diabetes into care result in im-
proved glycemic control compared with usual care [16]. A 
randomized trial found that primary practices that utilized 
disease registries improved A1C and LDL-cholesterol levels 
for patients with diabetes, if the registries were used to gen-
erate reminders to patients to come in for care [17].

Self-Management Support

Considerable evidence reveals that individual and group in-
terventions emphasizing patient empowerment and the ac-
quisition of self-management skills are effective in improv-
ing care for diabetes, asthma, and other chronic conditions 
[18]. Self-management support is associated with improved 
glycemic control [10]. In a review of 39 chronic care im-
provement interventions, self-management support was the 
CCM intervention most commonly associated with improved 
processes or outcomes of care [1]. In a systematic review 
of 72 studies of patients with diabetes, self-management 
training was positively associated with patient knowledge, 
frequency, and accuracy of blood glucose self-monitoring, 
self-reported dietary habits, and glycemic control in studies 
with short follow-up (less than 6 months) [19]. In a random-
ized controlled trial of low-income patients with poorly con-
trolled diabetes, patients who were provided with self-man-
agement support by peer health coaches (other patients with 
diabetes) had significantly improved A1C levels compared 
with controls [20]. Most experts now recommend that self-
management support be an integral component of all clinical 
interactions with patients with chronic health problems.

Multiple Chronic Care Model Components

The CCM was designed to build on the interrelationships 
among the six components. Several studies have found that 
the presence of multiple CCM components is associated 
with better quality of care [18]. In a meta-analysis of CCM 
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components used for patients with asthma, congestive heart 
failure, depression, and diabetes, four elements of the model 
(delivery system design, self-management support, decision 
support, and clinical information systems) were associated 
with better outcomes and processes. Delivery system design 
and self-management support appeared to be the most effec-
tive CCM components [21]. In a study of 20 primary care 
practices, patients with diabetes cared for in practices that 
had implemented more CCM components had a lower risk 
of developing coronary heart disease than patients cared for 
in practices with fewer CCM components [22].

Implementing the Chronic Care Model in 
Primary Care

Implementing CCM components into primary care requires 
transforming primary care practices. While humane, empa-
thetic, and competent clinicians can provide excellent chron-
ic care, they cannot sustain such efforts indefinitely. Ensuring 
that all clinicians provide high-quality chronic care to every 
patient requires systems that incorporate CCM components.

In 2007, four primary care professional societies coalesced 
around a vision for primary care—the Joint Principles of the 
Patient-Centered Medical Home. The patient-centered medi-
cal home (PCMH) has been adopted as a designation of prac-
tices with the capacity to implement the entire CCM. This vi-
sion was based on four pillars of primary care practice elabo-
rated by Barbara Starfield in 1992: first-contact care, conti-
nuity of care, comprehensive care, and coordination of care. 
The publication of the Joint Principles stimulated efforts to 
define the PCMH, for example, the National Committee on 
Quality Assurance (NCQA) PCMH recognition standards. 
While such standards can be a useful tool, they do not go 
far enough. A more transformative approach is provided by 
the 10 Building Blocks of High-Performing Primary Care. 
The building blocks represent a system-level change in how 
primary care practices are organized [23].

The building blocks were derived from case studies of, 
and site visits to, exemplar primary care practices. The 
PCMH has been adopted as a designation of practices with 
the capacity to implement the entire CCM. A surprising ob-
servation about these practices is that they tended to share 
several unifying characteristics that were categorized as the 
10 Building Blocks. The building blocks have become a 
model that primary care practices can adopt to become pa-
tient-centered medical homes with the capacity to operation-
alize CCM components. The 10 Building Blocks are shown 
in Fig. 10.1a, b and reviewed in the following section in rela-
tion to the CCM.

These building blocks were derived from site visits to 
high-performing primary care practices and clinics. The una-
nimity with which these principles are put into practice sug-
gests that there is one basic model—with individual varia-
tion—for primary care excellence.

1. Engaged leadership, including patients, creating a prac-
tice-wide vision with concrete objectives and goals

2. Data-driven improvement using computer-based technol-
ogy

3. Empanelment
4. Team-based care

(a)  Culture shift: share the care
(b)  Stable teamlets
(c)  Co-location
(d)  Staffing ratios adequate to facilitate new roles
(e)  Standing orders/protocols
(f)  Defined workflows and workflow mapping
(g)    Defined roles with training and skills checks to rein-

force those roles
(h)  Ground rules
(i)    Communication: team meetings, huddles, and min-

ute-to-minute interaction
5. Patient–team partnership

(a)  Evidence-based care
(b)  Health coaching
(c)  Informed, activated patients
(d)  Shared decision-making

6. Population management
(a)  Panel management
(b)  Self-management support (health coaching)
(c)  Complex care management

7. Continuity of care
8. Prompt access to care

(a)  Weekday hours
(b)  Nights/weekends
(c)  Phone access

9. Comprehensiveness and care coordination
(a)  Within the medical neighborhood
(b)  With community partners
(c)  With family and caregivers

Fig. 10.1  Building blocks of high-performing primary care: the Share 
The Care model. (Courtesy of Center for Excellence in Primary Care, 
University of California, San Francisco)
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10. Template of the future: escape from the 15-min visit
(a) E-visits
(b) Phone visits
(c) Group visits
(d) Visits with nurses and other team members
(e) Requires payment reform

For detailed descriptions of six of these building blocks, see 
the California HealthCare Foundation report, The Building 
Blocks of High-Performing Primary Care: Lessons from the 
Field, April 2012 (www.chcf.org).

Building Block 1. Engaged Leadership

High-performing practices have leaders fully engaged in the 
process of change, such as reforming teams and empowering 
staff to take on new roles in self-management support or re-
designing the workflow to facilitate planned visits. Leaders 
work with frontline staff and patients to develop strategic 
goals and to create concrete, measurable objectives, some 
of which are chronic care performance goals. Examples of 
these goals include: the percent of patients with diabetes who 
have A1C greater than 9 % will drop from 20 to 10 % by De-
cember 31, 2014; or the percent of patients with asthma who 
have attended planned visits to learn inhaler skills and to 
adopt asthma action plans will increase from 20 to 60 % by 
June 30, 2015. The visible support and promotion of practice 
improvement by organization leaders is a major predictor of 
success. Conversely, lack of leadership support predicts fail-
ure [6].

Building Block 2. Data-driven Improvement

Monitoring progress toward chronic care objectives requires 
data systems that track clinical metrics for conditions such 
as diabetes, obesity, hypertension, depression, congestive 
heart failure, and chronic obstructive pulmonary disease. To 
ensure that all patients with chronic conditions receive the 
periodic tasks known to improve care (e.g., regular A1C and 
LDL-cholesterol laboratory tests), practices need registries 
that list all patients with chronic conditions together with the 
dates and results of studies, and furthermore, practices need 
personnel with training and time to review the registries and 
contact patients with gaps in their care. Registries are part of 
the CCM clinical information systems component and the 
personnel—called population managers—are part of deliv-
ery system design.

Building Block 3. Empanelment

Empanelment means linking each patient to a care team and 
a primary care clinician. Empanelment is the basis for the 

therapeutic relationship that is essential for good patient 
outcomes. Empanelment interacts closely with data-driven 
improvement because defined panels provide a denominator 
for performance measures. For example, within a particular 
practice, how do the clinicians know the percent of their pa-
tients with diabetes that have A1C levels above 9 %? First, 
the clinicians need to know the denominator: how many pa-
tients with type-2 diabetes (T2D) are in their panel.

Building Block 4. Team-based Care

Exemplar practices have created teams with well-trained 
non-clinicians who share the care with clinicians [24]. Team 
formation is the essence of delivery system design. While 
team composition varies widely among practices, a common 
team structure features two-person teamlets working within 
a larger team. Patients are empaneled to a teamlet, which 
often consists of a clinician and a medical assistant who al-
ways work together. Supporting several teamlets might be a 
behavioral health provider, a registered nurse (RN) complex 
care manager, pharmacist, or a social worker who sees pa-
tients with more complex needs.

In an analysis of 66 studies, the two most effective strate-
gies to improve glycemic control for patients with diabetes 
were team formation and care management. These strategies 
are interlocked because care management is generally per-
formed by non-clinician team members (nurses or pharma-
cists) in planned visits. Diabetes outcomes were best when 
the team members had standing orders to make medication 
adjustments without awaiting physician authorization [25].

Building Block 5. Patient–Team Partnership

Patient–team partnerships are achieved when the patient is 
empowered as an expert in her life to share decision-making 
with a team using evidence-based care guidelines. Patient–
team partnerships rely on a relationship of trust. Patients 
with chronic disease have better outcomes when they enjoy a 
trusting relationship with a clinician and team. This partner-
ship is the intersection of the informed, activated patient and 
the proactive practice team, as described in the CCM, which 
leads to productive interactions.

Building Block 6. Population Management

The CCM is a population-centered concept, aiming to im-
prove chronic care for entire populations. Practices are 
tasked to move from the traditional model of caring for 
those patients who happen to come for appointments to a 
new paradigm with the goal that all patients empaneled to 
the practice are as healthy as possible. Population manage-

http://www.chcf.org
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ment requires both clinical information systems to risk-ad-
just a practice’s panel of patients in order to determine who 
needs which services and delivery system redesign to create 
teams with personnel who are responsible for population 
management.

All patients need routine preventive services, a function 
often called panel management. Studies have shown that 
panel management is best performed by a non-clinician such 
as a medical assistant because clinicians lack the time to en-
sure that all gaps in care are addressed [26]. Standing orders 
enable panel managers to address care gaps without involv-
ing the clinician. Routine care is ideally complete before the 
clinician enters the exam room, so that visits can focus on 
addressing patient concerns and strengthening the clinician–
patient relationship.

For patients with chronic conditions, population manage-
ment entails the care team providing self-management sup-
port—also called health coaching—at every visit. All team 
members—clinicians, medical assistants, RNs, registered 
dietitians, and pharmacists—should view self-management 
support as part of what they do every time they see a patient. 
Patients with poorly controlled chronic conditions often re-
quire longer planned visits with a team member trained in 
health coaching. Health coaching assesses patients’ knowl-
edge and motivation, provides information and skills, and 
engages patients in behavior-changing action plans known 
to improve outcomes [27]. Patients with diabetes who are 
working with health coaches have better outcomes than 
those without health coaches [20].

For the 5–10 % of patients in a population who have 
complex health-care needs and are high utilizers of expen-
sive services, a population management approach provides 
intensive care management from a specialized team led by 
RNs and/or social workers. These intensive teams have been 
shown to improve care and reduce costs for complex pa-
tients [28].

Building Block 7. Continuity of Care

Continuity of care is the operational substrate upon which 
trusting relationships between patients and care teams are es-
tablished. Continuity over time is associated with improved 
preventive and chronic care, greater patient and clinician ex-
perience, and lower costs [29]. Achieving continuity requires 
empanelment, which links each patient to a clinician and 
teamlet. High-performing practices measure continuity for 
each clinician/teamlet, with the metric being the number of 
visits by a patient panel to the teamlet to which the patients 
are empaneled divided by the total number of primary care 
visits by that patient panel. Failing to optimize continuity of 
care seriously undermines good chronic care.

Building Block 8. Enhanced Access

All CCM components depend on the ability of patients to 
gain timely access to appointments with their care team, ac-
cess during nights and weekends, and access by phone or 
e-mail. Practices are more successful at improving access if 
they empanel all patients to a provider and team, as well as 
build teams that empower non-clinicians to independently 
provide care for appropriate patients. This process adds ca-
pacity to meet patient demand.

Building Block 9. Comprehensiveness and Care 
Coordination

Comprehensiveness means that primary care addresses a 
wide range of patient needs, while care coordination is the 
linking of primary care with services that primary care is 
unable to provide. The care coordination model [http://
www.improvingchroniccare.org] proposes four key chang-
es that must be implemented to foster excellent care coor-
dination:
1. The primary care practice assumes accountability for care 

coordination.
2. Primary care provides support to patients needing special-

ty, hospital, or long-term care services, helping patients 
identify high-quality referral sites, assisting them to make 
appointments, tracking referrals to ensure that patients at-
tend their appointments, and sometimes offering patient 
navigators to provide transportation, interpretation, and 
comfort to patients.

3. Primary care initiates agreements with specialists and 
hospitals that facilitate access and information sharing.

4. Primary care develops electronic connectivity with as 
many referral partners as possible to facilitate rapid in-
formation exchange; these changes fall under the delivery 
system design CCM component.

Building Block 10. Alternative Encounter Types

Traditional primary care has celebrated the patient–clini-
cian relationship through face-to-face visits. In contrast, 
innovative practices are redesigning their delivery system 
through alternative encounters: phone visits, interactions via 
electronic patient portals, group visits, and visits with non-
clinician care team members. Full implementation of this 
future vision requires payment reform that does not reward 
primary care only for in-person clinician visits. The alterna-
tive encounter types should preserve continuity of care and 
long-term trusting relationships between patients and their 
care team.

http://www.improvingchroniccare.org
http://www.improvingchroniccare.org
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Self-Management Support: The Heart of the 
Chronic Care Model and the Building Blocks

Of the 8760 h in a year, people living with chronic illness 
spend approximately 1 h with their primary care provider. 
The other 8759 h are spent at home, at work, and in the com-
munity. The choices that most impact health are self-care de-
cisions: whether to eat chips or vegetables on break, whether 
to walk or watch television after work, or whether to pick 
up medications today or go without for a few days. If pri-
mary care is to make a significant impact on health, it must 
help patients acquire the knowledge, skills, and confidence 
to make healthy choices.

Thus, self-management support is at the heart of the CCM 
and primary care’s building blocks. Self-management sup-
port (health coaching) is not didactic education—telling 
people what they should and should not do—which does not 
improve clinical outcomes [15]. Self-management support 
empowers patients to identify and work toward their own 
health goals and to more actively manage their conditions. 
Improved clinical outcomes and patient experience have 
been reported in self-management support programs relying 
on RNs, medical assistants, volunteers, and other patients 
with the same condition.

Several key components of self-management support 
(health coaching) are given below.

• Making sure patients, for example those with diabetes, 
know their laboratory numbers (A1C and LDL-choles-
terol), know the evidence-based goals for these numbers, 
and know how to bring their number to the goal

• Asking patients to “close the loop”—to teach back the 
specifics of their care plan. This practice addresses the 
reality that 50 % of patients do not remember their physi-
cian’s recommendations

• Engaging patients in setting goals and making short-term, 
achievable action plans to reach these goals. In a random-
ized trial, patients with diabetes who are making action 
plans had significantly improved A1C levels compared 
with patients with diabetes receiving traditional patient 
education [30]

• Because medication adherence is critical for improving 
chronic illness outcomes, patients deserve collaborative 
discussions to increase their knowledge of their medica-
tions and to address barriers to taking their medications

Moving Upstream: Implications for Lifestyle 
Medicine

For people with chronic disease, primary care tends to em-
phasize medication management. The CCM, with its most 
important component being self-management support, 

places equal importance on lifestyle medicine—engaging 
people in setting healthy goals that change how they live 
their day-to-day lives.

Most health-care-related dollars are dedicated to caring 
for people who are already sick, a decidedly downstream ap-
proach. The CCM challenges us to consider what happens 
within the broader community—outside the walls of the 
health center—to impact the upstream causes of poor health. 
An upstream approach has a far greater influence on health. 
While excellent management of diabetes adds an average of 
3 months to a patient’s life, preventing diabetes adds 6 years. 
Yet, seeking upstream solutions is challenging. The root 
causes of poor health stem from complex issues such as lack 
of economic opportunity or unsafe environments. The com-
munity resources component of the CCM is the upstream 
element, which is often beyond the capacity of primary care 
practices.

What is the role of primary care in working upstream? 
The engagement of primary care in the community may be 
seen along the continuum of the river’s course. At the river’s 
end is medical care for complications of poor health. A little 
way up the river, we might find proactive care such as rou-
tine labs to monitor control of chronic conditions and self-
management support designed to help patients take greater 
control over their health. Higher upriver, we see primary 
care emerging from the clinic to engage in the outside com-
munity, perhaps through community health workers and 
partnerships with community organizations to help people 
lose weight, become more active, and stop smoking. Further 
upstream, primary care practices are support of public health 
policy initiatives or become focal points for community ac-
tivation. For example, the Mound Bayou Health Center in 
rural Mississippi became the catalyst for job training pro-
grams, a farm cooperative, and small businesses that began 
creating jobs [31].

Along the riverbanks, patients are an untapped resource. 
Initiatives designed to improve health by empowering and 
employing community members as promoters or community 
health workers create ripple effects, as newly empowered 
community members identify and tackle other barriers to 
their health and well-being [32].

Where along the river path a primary care practice choos-
es to invest its energy may depend on the resources it brings 
to bear, the needs of the community it serves, and whether 
there are other leaders within the community to drive forward 
change. Certainly, primary care has a unique opportunity to 
provide targeted self-management support and medical care 
that cannot be provided in other environments. At the same 
time, primary care practices are part of the communities they 
serve, and they may be catalysts for change that echoes be-
yond their walls.
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Introduction and Historical Perspective

“Let food be thy medicine and medicine be thy food”—Hip-
pocrates, 400 BC.

Diet and food intake have long been recognized as major 
contributors to health. It is exciting to consider how far we 
have come from the earliest days of nutrition research when 
mysteries prompted questions like how could plant-based 
foods, like grass, nourish animals, like cows, even though 
animals, like people, were composed of blood and tissue? 
When the elements were identified in the eighteenth century, 
the discovery of nitrogen led to further identification of com-
pounds like albumin, then protein, and the recognition that 
it provided energy for the body to do work. Not until the 
late nineteenth century did the study of body heat or calo-
rimetry progress along with the identification of inorganic 
elements, like minerals. Fatty acids were also identified and 
differentiated. Stunning discoveries such as ascorbate could 
cure scurvy and “something,” other than a mineral, in rice 
polishings could cure beriberi all evolved during the late 
1880s and early 1900s. Thiamine was eventually identified 
as the anti-beriberi factor, along with other “vital amines” 
that became known as “vitamins” [1]. Subsequently, nutri-
tional biochemists like E.V. McCollum, Marguerite Davis, 
George and Mildred Burr, and countless others contributed 
to the fundamental understanding of food and diet essentials 
for health and generated nutrition classification systems that 
underlie the basics of nutrition research to this day.

Fast-forward to the twentieth century. Animal studies 
testing various nutrients and dietary factors yielded further 
evidence confirming the essential nature of certain vitamins, 
minerals, and macro/micronutrients, but this also yielded rec-
ognition of an important concept called “conditional essenti-
ality.” This reflects awareness that essential nutrients can in 
some cases be accommodated by the presence and sufficient 
quantities of other nutrients. For example, in the 1920s, sci-
entists found that rats fed 10–12 % casein as their source of 
protein grew faster when 0.5 % cystine (or the reduced form, 
cysteine) was included in the diet. This amino acid became an 
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essential nutrient as well, but after methionine, another sul-
fur-containing amino acid, was discovered, it too was found 
to be essential; when methionine was consumed in sufficient 
amounts, it eliminated the requirement for cysteine. These 
and other synergistic nutrient relationships surely represent 
the origins of preventive medical nutrition and are likely at-
tributable to this notion of “conditional essentiality” or com-
pensatory nutrition. As a further example, studies on prema-
ture infants revealed that certain enzymes required for amino 
acid metabolism developed later in gestation, rendering these 
preemies incapable of synthesizing taurine, tyrosine, or other 
essential amino acids. Similarly, the discovery of genetic de-
fects that required enzymes not inherently available but reme-
diable through higher than normal intake of the vitamin com-
ponent of corresponding coenzymes further demonstrated the 
ability to modify a person’s diet to meet specific nutritional 
needs. These conceptual breakthroughs constitute the roots of 
preventive and therapeutic diets that have become increasing-
ly relevant to the teaching and practice of lifestyle medicine.

This chapter addresses the importance of diet and nu-
trition in the promotion of good health and prevention of 
disease by applying twenty-first-century evidence, technol-
ogy, and biostatistical advances to the modern practice of 
lifestyle medicine. Evolutionary research on diet and health 
from observational population studies to diet intervention 
studies documenting adherence to certain eating patterns and 
therapeutic diets associated with reduced risks for chronic 
diseases provide the evidence associated with better versus 
worsening health outcomes. These data constitute the ra-
tionale for the national dietary guidelines summarized and 
compared here. Assessment methodologies that have con-
tributed to these findings and new and emerging research ap-
proaches involving biomarkers and objective measures are 
further highlighted. Finally, consumer-friendly approaches 
for helping patients eat healthier are provided.

Diet in the Promotion of Health: US Dietary 
Guidance

Since the 1940s, the Food and Nutrition Board (FNB) of 
the Institute of Medicine (IOM) has provided guidance re-
garding the recommended dietary allowances (RDAs) and 
later, in 1993, the dietary reference intakes (DRIs). While 
the RDAs were intended to prevent deficiency diseases in 
healthy populations, the DRIs incorporated advancing sci-
ence that differentiated adequate intake (AI), from the esti-
mated average requirement (EAR), from the tolerable upper 
intake level (UL) as well as designations not only for healthy 
populations but also for individuals and subgroups. These 
values are available at: http://www.iom.edu/Activities/Nu-
trition/SummaryDRIs/~/media/Files/Activity%20Files/Nu-
trition/DRIs/5_Summary%20Table%20Tables%201-4.pdf.

Initial development of national guidelines for diet plan-
ning was intended to help reduce hunger and malnutrition 

that were prevalent in the 1950s–1960s. Over time, and as 
assessment of population-wide dietary intake has advanced, 
the prevalence of overnutrition and excess energy intake, 
especially from non-nutrient-dense sources, has escalated in 
tandem with the growing obesity epidemic common across 
all segments of modern society.

The National Health and Nutrition Examination Survey 
(NHANES) data are used to monitor the health status of the 
nation. Launched in the early 1960s by the National Center 
for Health Statistics, part of the Centers for Disease Control 
(CDC), and periodically repeated thereafter from 1971 to 
1994, NHANES data have been collected continuously since 
1999, every 2 years on a population-based sample of ap-
proximately 5000 individuals with an accompanying health 
examination. Two 24-h recalls are currently included in this 
assessment, and these population-based data are used to rep-
resent the dietary intake of the healthy US population ages 2 
years and older.

Beginning in 1980, the US Department of Agriculture 
(USDA) and the US Department of Health and Human Ser-
vices (DHHS) released, for the first time, “Nutrition and 
Your Health: Dietary Guidelines for Americans” [2] that 
were based on emerging science of that era as related to diet 
and its impact on health and disease. They examined both 
ends of the caloric spectrum and compared current intake 
with recommendations for health promotion. The guidelines 
have been revised and updated approximately every 5 years 
since then. The most recent 2010 US Dietary Guidelines 
(USDGs) represented a strategic shift from previous guide-
lines for several reasons [3].

First, all previous guidelines addressed a generally healthy 
US population, but in 2010, the majority of the population, 
72 % of men, 64 % of women, and a growing number of chil-
dren and adolescents, were overweight or obese [3]. This 
alarming factor influenced development of the entire report. 
Beginning with the review of evidence related to prevention 
and treatment of overweight as well as the practical applica-
tion of dietary guidance intended to maximize nutrient den-
sity, minimize excessive calorie intake from energy-dense 
sources, and increase physical energy expenditure, the 2010 
USDGs were focused on prevention and treatment of obesity.

Unfortunately, the US dietary intake falls far short of 
meeting many recommended nutrient and dietary goals. Im-
balances in observed versus recommended diet and eating 
behaviors are common. Population intakes of whole grains, 
fruits, vegetables, dairy products, fish, and unsaturated oils 
are far below the goals, whereas intakes of calories, sugar, 
solid fats, salt, and refined grains far exceed the recommend-
ed limits. Indeed, the leading contributor of calories to the 
US diet is “grain-based desserts,” including cake, cookies, 
doughnuts, and other sweet foods that are high in sugar, salt, 
saturated fats, trans fats, and non-nutrient-dense calories. 
Figure 11.1 from the 2010 US Dietary Guidelines Advisory 
Committee Report (DGAC) illustrates the deficiencies and 
imbalances in nutrient-dense versus energy-dense foods [4].

http://www.iom.edu/Activities/Nutrition/SummaryDRIs/~/media/Files/Activity%20Files/Nutrition/DRIs/5_Summary%20Table%20Tables%201-4.pdf
http://www.iom.edu/Activities/Nutrition/SummaryDRIs/~/media/Files/Activity%20Files/Nutrition/DRIs/5_Summary%20Table%20Tables%201-4.pdf
http://www.iom.edu/Activities/Nutrition/SummaryDRIs/~/media/Files/Activity%20Files/Nutrition/DRIs/5_Summary%20Table%20Tables%201-4.pdf
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This is especially troubling from a health promotion and 
lifestyle medicine perspective. The absence of essential nu-
trients inherent in these under-consumed foods and the lost 
opportunity to achieve calorie balance from satiety-produc-
ing increased servings of high-fiber, unsaturated fatty acid-
containing foods contribute to the risk of chronic diseases.

The 2010 USDGs were also first to utilize the newly de-
veloped Nutrition Evidence Library (NEL) and embarked 
on an entirely systematic, evidence-based review of the a 

priori diet questions, considered most essential to health 
and disease. Carefully developed eligibility criteria related 
to study design, sample size, assessment methodology, and 
validity of results directed selection of the relevant studies 
reviewed and ranked them according to the quality, con-
sistency, quantity, impact, and generalizability of the find-
ings. On this basis, the 2010 USDGs were developed and 
ultimately produced the following recommendations (see 
Table 11.1).

Table 11.1  2010 US Dietary Guidelines recommendations. (Based on data from: US Department of Agriculture, Agricultural Research Service, 
and US Department of Health and Human Services, Centers for Disease Control and Prevention. What we eat in America, NHANES 2001–2004, 
2005–2006)
Limit calorie intake to the amount needed to attain or maintain a healthy weight for adults and for appropriate weight gain in children and 
adolescents
Consume foods from all food groups in nutrient-dense forms and in recommended amounts
Reduce intakes of solid fats with oils (major sources of saturated and trans-fatty acids)
Replace solid fats with oils (major sources of polyunsaturated and monounsaturated fatty acids) when possible
Reduce intake of added sugars
Reduce intake of refined grains and replace some refined grains with whole grains
Reduce intake of sodium (major component of salt)
If consumed, limit alcohol intake to moderate levels
Increase intake of vegetables and fruits
Increase intake of whole grains
Increase intake of milk and milk products and replace whole milk and full-fat milk products with fat-free or low-fat choices to reduce solid fat 
intake
Increase seafood intake by replacing some meat or poultry with seafood

Fig. 11.1  Based on data from: US Department of Agriculture, Agricultural Research Service, and US Department of Health and Human Services, 
Centers for Disease Control and Prevention. What We Eat in America, NHANES 2001–2004 or 2005–2006. SoFAS Solid Fats and Added Sugars
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Current US dietary intake does not meet these recom-
mendations (Fig. 11.1). Accumulating data further document 
compelling reasons why the observed dietary intake poses a 
major risk factor for developing chronic diseases, especially 
cardio-metabolic, including type-2 diabetes (T2D), and can-
cer. The 2010 USDGs’ Advisory Committee [3] reviewed 
the growing, but relatively limited, database at that time, re-
flecting more than a single nutrient- or food-associated risk 
for disease. Beyond the well-known evidence surrounding 
saturated/trans-fatty acid intake and low-density lipoprotein 
cholesterol (LDL-C), or sodium and blood pressure (BP), or 
sugar and obesity was new evidence from studies that re-
ported outcomes based on total eating patterns. The Dietary 
Approaches for Stopping Hypertension (DASH) and the 

Mediterranean style-eating pattern are not singular, struc-
tured diets. Rather, these are eating patterns representing a 
mixture of vegetables, legumes, unsalted nuts, fruits, whole 
grains, fish, and unsaturated (DASH) or olive (Mediterra-
nean) oils, with moderate alcohol (Mediterranean) or low-fat 
dairy (DASH) and very little red/processed meat, sweets, or 
refined grains [5–7].

Table 11.2 compares the Mediterranean dietary patterns, 
DASH, and the 2010 USDA-recommended food pattern 
with current dietary intake on the basis of a 2000-calorie in-
take. Intakes of vegetables, fruit, dairy, fish, and oils are no-
ticeably lower in the usual US intakes. Conversely, alcohol, 
solid fats, and added sugars exceed the limits reflected in the 
Mediterranean, DASH, and USDA food patterns.

Table 11.2  Comparison of Mediterranean, DASH, and 2010 USDA recommended food pattern with current dietary intake. (Adapted from 
Dietary Guidelines for Americans 2010a)
Pattern Usual US intake  

in adultsb
Mediterranean patternsa 

Greece (G) Spain (S)
DASHa USDA  

food pattern  
(US Dietary Guidelines)

Food Groups
Vegetables:  
Total (all cups/day)

1.6 1.2 (S)—4.1 (G) 2.1 2.5

Dark green 0.1 NDc ND 0.2
Beans and peas 0.1 < 0.1(G)—0.4 (S) See protein foods 0.2
Red and orange 0.4 ND ND 0.8
Other 0.5 ND ND 0.6
Starchy 0.5 ND—0.6 (G) ND 0.7
Fruits and juices  
(cups/day)

1.0 1.4 (S)—2.5 (G)
(includes nuts)

2.5 2.0

Grains:  
total (oz)

6.4 2.0 (S)—5.4 (G) 7.3 6.0

Whole grains (oz) 0.6 ND 3.9 ≥ 3.0
Milk and dairy products 
(cups/day)

1.5 1.0 (G)—2.1 (S) 2.6 3.0

Meat  
(all in oz/day)

2.5 3.5 (G)—3.6 (S)
(including poultry)

1.4 1.8

Poultry 1.2 ND 1.7 1.5
Eggs 0.4 ND—1.9 (S) ND 0.4
Fish/seafood 0.5 0.8 (G)—2.4 (S) 1.4 1.2
Beans and peas See vegetables See vegetables 0.4 (0.1 cup) See vegetables
Nuts, seeds, and  
soy products (oz)

0.5 See fruits 0.9 0.6

Oils (g/day) 18 19 (S)—40 (G) 25 27
Solid fats (g) 43 ND ND 16d

Added sugars (g) 79 ND—24 (G) 12 32d

Alcohol (g) 9.9 7.1 (S)—7.9 (G) ND NDe

a US Department of Agriculture and US Department of Health and Human Services. Dietary Guidelines for Americans 2010, 7th Edition, Wash-
ington, DC: US Government Printing Office, December 2010
b Source: US Department of Agriculture, Agricultural Research Service, and US Department of Health and Human Services, Centers for Disease 
Control and Prevention. What We Eat In America, NHANES 2001–2004, 1 day mean intakes for adult males and females, adjusted to 2000 calories 
and averaged
c ND not determined
d Amounts of solid fats and added sugars are examples only of how calories from solid fats and added sugars in the USDA Food Patterns could 
be divided
e In the USDA Food Patterns, some of the calories assigned to limits for solid fats and added sugars may be used for alcohol consumption instead

L. Van Horn
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Other National Dietary Guidelines: Prevention 
of Cancer, Cardiovascular Disease, and Obesity

In addition to the USDA’s evidence-based dietary guidelines, 
other disease-specific national organizations have likewise 
conducted evidence-based reviews underlying their own 
guidelines as well. Most notable among these are dietary 
guidelines specifically focused on prevention of cancer and 
cardiovascular diseases.

In 2007, the World Cancer Research Fund/American In-
stitute for Cancer Research (WCRF/AICR) published “Food, 
Nutrition, Physical Activity, and the Prevention of Cancer: A 
Global Perspective” [8]. Considered the most comprehen-
sive report on diet and cancer ever produced, the reviewers 
included over 7000 studies that met the a priori established 
eligibility criteria. Now designated as a continuous process 
of review, the WCRF/AICR has published ten recommen-
dations for cancer prevention as derived from the Second 
Expert Panel Report [8]. After intensive and comprehensive 
comparisons regarding nutrients, foods, food groups, and 
eating patterns, the recommendations are more behavioral 
than nutrient-based, as listed in Table 11.3.

There is an emphasis on plant-based foods; an avoidance 
of solid fats, sugars, salt, and processed meats; and a strong 
endorsement of daily physical activity to promote leanness 
and avoidance of weight gain. Rather than specific nutrient 
recommendations, the above guidelines are more general 
and lifestyle-oriented with an overarching goal of prevention 
of obesity. Encouragement of regular activity and a focus 
on nutrient-dense foods illustrates the preferred approach 
achieving and maintaining weight control.

More recently, in 2013, the American Heart Association 
(AHA) published the “American College of Cardiology/
American Heart Association (ACC/AHA) Guidelines on 
Lifestyle Management to Reduce Cardiovascular Risk” [9]. 
A specific focus was placed on reducing the LDL-C and BP, 
both considered major risk factors. Based on a comprehen-
sive, systematic review of the literature, the expert panel 
specifically recommended that saturated fat be limited to no 
more than 6 % of total calories/day and that sodium intake 
be reduced, but just as was recommended by the USDGs, a 

DASH-type diet reduced in sodium was advocated as a model 
eating pattern for implementing these nutrient-specific rec-
ommendations, along with increased physical activity. The 
diet recommendations for LDL-C lowering and BP lowering 
were based on strong evidence statements addressing key 
critical questions posed in developing the lifestyle guideline. 
The rationale and approach for these two cardiovascular tar-
gets are detailed below. Recommendations for the practical 
implementation of the ACC/AHA diet recommendations are 
provided in Table 11.4.

ACC/AHA Diet Recommendations for LDL-C 
Lowering

Advise adults who would benefit from LDL-C lowering to:

1. Consume a dietary pattern that emphasizes intake of veg-
etables, fruits, and whole grains; includes low-fat dairy 
products, poultry, fish, legumes, nontropical vegetable 
oils, and nuts; and limits intake of sweets, sugar-sweet-
ened beverages, and red meats. Adapt this dietary pattern 
to appropriate calorie requirements, personal and cultural 
food preferences, and nutrition therapy for other medi-
cal conditions (including diabetes). Achieve this pattern 
by following plans such as the DASH dietary pattern, the 
USDA Food Pattern, or the AHA diet.

2. Aim for a dietary pattern that achieves 5–6 % of calories 
from saturated fat.

3. Reduce percent of calories from saturated fat.

Reducing saturated fat intake lowers both LDL-C and high-
density lipoprotein–cholesterol (HDL–C). Since the absolute 
effect tends to be greater for LDL-C than HDL–C, reducing 
saturated fat intake has a beneficial effect on the lipid pro-
file. Given that reducing saturated fat intake lowers LDL-C 
regardless of whether the saturated fat is replaced by car-
bohydrate, monounsaturated fatty acids, or polyunsaturated 
fatty acids, the work group does not specify which of these 
3 macronutrients should be substituted in place of saturated 
fat. However, favorable effects on lipid profiles are greater 

Table 11.3  World Cancer Research Fund/American Institute for Cancer Research 2007 Recommendations for Cancer Prevention. [8]
 1. Be as lean as possible without becoming underweight
 2. Be physically active for at least 30 min every day
 3. Avoid sugary drinks. Limit consumption of energy-dense foods
 4. Eat more of a variety of vegetables, fruits, whole grains, and legumes such as beans
 5. Limit consumption of red meats (such as beef, pork, and lamb) and avoid processed meats
 6. If consumed at all, limit alcoholic drinks to 2 for men and 1 for women a day
 7. Limit consumption of salty foods and foods process with salt (sodium)
 8. Don’t use supplements to protect against cancer
 9. It is best for mothers to breastfeed exclusively for up to 6 months and then add other liquids and foods
10. After treatment, cancer survivors should follow the recommendations for cancer prevention
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when saturated fat is replaced by polyunsaturated fatty acids, 
followed by monounsaturated fatty acids, and then carbo-
hydrates. It is important to note that there are various types 
and degrees of refinement of carbohydrates. Substitution of 
saturated fat with whole grains is preferable to refined car-
bohydrates.

ACC/AHA Diet Recommendations for BP 
Lowering

Advise adults who would benefit from BP lowering to:

1. Consume a dietary pattern that emphasizes intake of veg-
etables, fruits, and whole grains; includes low-fat dairy 
products, poultry, fish, legumes, nontropical vegetable 
oils, and nuts; and limits intake of sweets, sugar-sweet-
ened beverages, and red meats. Adapt this dietary pattern 
to appropriate calorie requirements, personal and cultural 
food preferences, and nutrition therapy for other medical 
conditions (including diabetes mellitus). Achieve this pat-
tern by following plans such as the DASH dietary pattern, 
the USDA Food Pattern, or the AHA diet. Rationale: This 
recommendation is based largely on studies of the DASH 
dietary pattern (DASH and DASH Sodium), which pro-
vided the highest-quality evidence for this food-based 
dietary pattern, causing improvements in lipid profiles 
and BP.

2. Consume no more than 2400 mg/day of sodium; further 
reduction of sodium intake to 1500 mg/day is desirable 
since it is associated with an even greater reduction in BP; 
reduce sodium intake by at least 1000 mg/day even if the 
desired daily sodium intake is not yet achieved.

3. Combine the DASH dietary pattern with lower sodium 
intake. One well-conducted trial demonstrated clinically 
meaningful lowering of BP when sodium was reduced to 
2400 mg/day, with lower BPs achieved when sodium in-
take was reduced to 1500 mg/day [10]. A healthy dietary 
pattern, as exemplified by DASH, and reduced sodium 
intake independently reduce BP [11]. However, the BP-
lowering effect is greater when these dietary changes are 
combined. In the 60 % of US adults with hypertension 
(HTN) or pre-HTN, simultaneously implementing dietary 
recommendations number 1 and number 2 for BP lower-
ing can prevent and control HTN more than either inter-
vention alone [12, 13].

Assessment of Diet Quality and Adherence

Major advances have been made not only in reporting the 
research outcomes documenting diet–disease associations 
but also the research validating the assessment methodol-
ogy itself. Research-quality diet assessment relies on the 
use of validated methodology. This ranges from interviewer-
administered multiple 24-h recalls (24 HR) linked to a cred-
ible, current, and detailed nutrient data base to a standardized 
food-frequency questionnaire (FFQ) that can vary in length 
from a “screener” regarding a specific food or food group, 
such as vegetables, to a detailed list of foods intended to cap-
ture the majority of the diet [14]. Multiple 24 HR have been 
recognized as the preferred method for estimating population 
level or group dietary intakes [15], but due to the labor and 
expense involved, the FFQ is much more commonly used 
in epidemiologic research, thereby raising questions about 
underreporting in these data [16].

L. Van Horn

Table 11.4  The American Heart Association’s Heart Healthy Diet Recommendations. (American Heart Association Healthy Diet Guidelines. 
2014: http://www.heart.org/HEARTORG/GettingHealthy/NutritionCenter/HealthyCooking/Healthy-Diet-Guidelines_UCM_430092_Article.jsp)
Balance the number of calories you eat and physical activity to maintain a healthy body weight (this means not eating more calories than you 
need)
Make your diet rich in fruits and vegetables. A typical adult should try for 9–10 servings (4.5 cups) of fruits and vegetables every day
Choose whole grains and high-fiber foods (three 1-oz. servings per day). A diet rich in fiber can help manage your weight because fiber keeps 
you feeling fuller longer, so you eat less
Eat fish, especially oily fish like salmon or albacore tuna, twice a week to get omega-3 fatty acids
Limit saturated and trans fat and cholesterol by choosing lean meats, selecting fat-free (skim), 1 % and low-fat dairy products, and avoid-
ing hydrogenated fats (margarine, shortening, cooking oils, and the foods made from them). A person needing 2000 calories each day should 
consume less than 16 g saturated fat, less than 2 g trans fat, and between 50 and 70 g of total fat and limit cholesterol to no more than 300 mg 
each day
Limit the amount of added sugars you consume to no more than half of your daily discretionary calorie allowance. For most American women, 
this is no more than 100 calories/day and no more than 150 calories/day for men (or approximately 6 teaspoons/day for women and 9 tea-
spoons/day for men). Limit sugar-sweetened beverages to no more than 450 calories (36 oz.) per week
Choose and prepare foods with little or no salt (sodium) to maintain a healthy blood pressure. Keep sodium intake to 1500 mg/day or less. 
Limit processed meat (such as sandwich meat, sausages, and hot dogs) to fewer than two servings per week
Try to eat four servings per week of nuts, seeds, or legumes (beans)
If you choose to consume alcohol, do so in moderation. This means an average of one to two drinks per day for men and one drink per day for 
women
If you eat out, pay attention to portion size and the number of calories in your meal

http://www.heart.org/HEARTORG/GettingHealthy/NutritionCenter/HealthyCooking/Healthy-Diet-Guidelines_UCM_430092_Article.jsp
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With advances in technology and metabolomics research, 
objective biomarkers are being identified that can potentially 
improve the accuracy of self-reported dietary data [17]. Cali-
bration of self-reported dietary assessment methods includ-
ing 24 HR and FFQs based on measures of biomarkers from 
metabolomic or clinical measures are emerging as enhanced 
approaches to nutritional assessment [18]. For example, a 
recent case–control study among the Framingham offspring 
reported that five branched-chain and aromatic amino acids 
were significantly associated with future risk of developing 
diabetes among individuals who were normoglycemic at 
baseline [19]. Ultimately, establishing a nutritional assess-
ment method that does not solely rely on self-reported diet 
intake data but also includes objective measures of food, nu-
trient, and even phytochemical intake will provide a more 
realistic and reliable measure of diet intake that can foster 
generation of hypotheses related to potential mechanisms.

Diet quality scoring systems have been developed to help 
evaluate overall nutrient density of a diet compared with 
recommended intake. The 2010 Healthy Eating Index (HEI) 
reinforces the validity and reliability of this scoring system 
developed to measure overall diet quality compared with the 
USDGs [20] and has been shown to be associated with de-
creased risk of cardiovascular diseases, cancer, and all-cause 
mortality [21]. Unfortunately, as illustrated in Fig. 11.1, the 
overall quality of the American diet remains woefully low 
with an overall score that is approximately 50 % of the maxi-
mum total and an empty calorie score that is more than double 
the maximum score. Other scoring systems have been devel-
oped and validated to evaluate adherence to the DASH and 
Mediterranean Diets [22, 23]. The Alternative Healthy Eating 
Index (AHEI) also strongly predicts chronic disease [24].

From a consumer/patient perspective, there are many 
user-friendly diet assessment tools that are now available. 
The USDA has developed a free online tool called Super-
Tracker (https://www.supertracker.usda.gov/) for use in as-
sessing adherence to the My Plate recommendations or any 
other dietary guidelines. Other assessment tools are available 
as smartphone applications, both commercially and for free, 
that can help patients assess their own level of adherence to 
these recommendations.

Healthy Eating: Start at the Beginning

Before concluding this chapter on healthy eating that is large-
ly focused on adults, it is increasingly reported that a healthy 
lifestyle begins in utero, and the benefits of exclusive breast 
feeding at birth and for several months postpartum are tre-
mendous [25, 26]. As indicated in the WCRF/AICR guide-
lines, human milk is highly recommended as the only source 
of nourishment in newborns and preferably for the first 6 
months of life. This has been recommended by the USDGs 

as well, based on rapidly growing evidence that breastfeed-
ing provides long-term benefits for mother and baby alike in 
regard to prevention of chronic disease. Delay of solid foods 
to no sooner than 4 months of age and preferably 6 months is 
further recommended for both weight control and diet qual-
ity purposes.

Summary and Conclusions

Taken together, the dietary guidelines from various national 
organizations have provided an overview of the evidence 
associated with healthy eating. The 2010 USDGs have re-
viewed the data on diet and disease that have resulted in the 
above recommendations.

Likewise, guidelines from the ACC/AHA have provided an 
even more focused view of diet as it may help prevent car-
diovascular disease, and the (WCRF/AICR) have similarly 
addressed prevention of cancer. Table 11.2 summarizes and 
compares the USDA Dietary Guidelines with the DASH and 
Mediterranean Diets based on the specific foods and recom-
mended amounts. Some differences across these eating pat-
terns include the amount and choice of dietary fatty acids (e.g., 
olive oil vs. other polyunsaturated oils), the inclusion of low-
fat dairy products, type and amount of red meat, inclusion and 
amount of wine intake, and tolerance for greater (USDA) ver-
sus lower sugar intake. These are decisions that can be made 
based on taste and cultural preferences but also the high prior-
ity to maintain weight control. The goal is a nutrient-dense, 
calorie-controlled diet combined with a physically active life-
style. Helping patients select the approach that is most likely 
to achieve long-term adherence may be the most important 
contribution that the lifestyle medicine provider can make.
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BDD Balanced deficit diet
BMI Body Mass Index
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POWER Practice-based opportunities for weight reduction
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T2D Type-2 diabetes
VLCD Very low-calorie diet

The 2013 Guidelines for the Management of Overweight and 
Obesity in Adults [1] included an assessment of the efficacy 
of commercial weight loss programs and whether primary 
care health-care professionals (HCP) could recommend their 
use to patients. The expert panel noted the limited number 
of high quality studies conducted in this area but concluded 
that, “Some commercial-based programs that provide a 
comprehensive lifestyle intervention can be prescribed as an 
option for weight loss, provided there is peer-reviewed pub-
lished evidence of their safety and efficacy.”

This chapter examines the efficacy of the major commer-
cial and proprietary weight loss programs (in the USA) as 
assessed in randomized controlled trials (RCTs). Additional 
sources, including web sites and telephone inquiries, were 

used to obtain information about programs’ costs and prin-
cipal treatment components, as well as the training of inter-
ventionists. We review three general types of programs: (1) 
traditional nonmedical programs, such as Weight Watchers® 
and Jenny Craig®, that offer diet and physical activity rec-
ommendations, accompanied by person-to-person individual 
or group lifestyle counseling; (2) medically supervised pro-
grams, such as HMR® and OPTIFAST®, which offer low- or 
very-low-calorie, portion-controlled diets, combined with 
person-to-person lifestyle counseling; and (3) remotely de-
livered programs that offer lifestyle interventions using e-
mail, text messaging, the web, or similar methods. This last 
category is the fastest growing but the one that has been least 
evaluated because of its very recent emergence. Programs 
in the first category (e.g., Weight Watchers®) are increasing 
their online presence and use of apps, but these components 
have not been widely evaluated to date. We excluded com-
mercial self-help approaches based solely on written mate-
rials (e.g., diet books) , over-the-counter meal replacement 
plans, or similar products.

Plan of the Review

We searched the Pubmed database for articles published 
between January 1, 1998 and July 14, 2014 using the terms 
obesity; weight loss, and commercial; combined with each 
of the following text terms: diet, reducing, nutrition, be-
havior therapy, low calorie, cognitive therapy, physical 
activity, and technology. The search was limited to RCTs. 
Studies were excluded if they included fewer than ten par-
ticipants per treatment group, treated children and ado-
lescents, did not state the duration of the intervention, or 
lasted fewer than 12 weeks. In addition, we only included 
studies in which programs were assessed under conditions 
relatively similar to those in which the programs are of-
fered to the public.

© Springer International Publishing Switzerland 2016
J. I. Mechanick, R. F. Kushner (eds.), Lifestyle Medicine, DOI 10.1007/978-3-319-24687-1_12



106 N. Alfaris et al.

Nonmedical Commercial Weight Loss Programs

Nonmedical commercial programs are staffed by HCP, 
former clients, or laypersons trained by the parent com-
pany (Table 12.1). These programs do not provide medical 
supervision. Therefore, persons with weight-related medi-
cal complications must be monitored by their own primary 
care practitioners when participating in such interventions. 
Nonmedical commercial programs typically aim to induce 
weight loss of 0.5–0.9 kg/week (1–2 lb/week), which is 
considered a safe rate [1]. Three nonmedical commercial 
weight loss programs are included in this review—Weight 
Watchers®, Jenny Craig®, and Nutrisystem®. An overview 
of the programs’ components can be found in Table 12.1.

Weight Watchers®

The Weight Watchers® program prescribes a balanced, 
moderate-calorie-deficit diet. Clients are offered a food plan 
(e.g., PointsPlus®), a physical activity plan based on current 
National Institutes of Health (NIH) guidelines, and behavior 
modification principles and techniques [2]. Clients can ac-
cess resources through in-person group meetings or online. 
One-hour, face-to-face group meetings are held weekly and 
are led by successful program completers who offer support 
and guidance, as well as written materials and weigh-ins [2]. 
At the time of this writing, the estimated cost of participating 
in Weight Watchers® for 3 months (i.e., meetings and online 
tools) was US$128.85 (Table 12.2).

Outcome Data Weight Watchers® has sponsored at least 
seven RCTs of its program (the five largest and longest of 
which are reviewed here). In a multicenter study, Heshka 
et al. [3, 4] randomly assigned 423 participants to Weight 
Watchers® or a self-help intervention that included two 
visits with a dietitian (Table 12.3). Participants in Weight 
Watchers®, who were provided weekly group meetings, lost 
an average of 4.8 kg of initial weight at week 26 and main-
tained a loss of 2.9 kg at year 2, compared with significantly 
smaller values of 2.9 and 0.2 kg, respectively, for those who 
received the self-help intervention. (Statistical comparisons 
between groups, when available, are shown in Table 12.3.) 
Participants who attended the most meetings over the 2 years 
achieved the greatest weight losses. As shown in Table 12.3, 
34 % of Weight Watchers® participants maintained a loss 
≥ 5 % of initial weight at year 2, compared with 21 % of those 
in self-help. Weight loss of this amount is considered clini-
cally meaningful [1, 5].

In a multinational study, Jebb et al. [6] assigned 772 par-
ticipants from primary care practices in Australia, Germany, 
and the UK to 12 months of weekly Weight Watchers® meet-
ings or to a usual care program provided by participants’ own 

practitioners. Weight Watchers® participants lost an average 
of 4.1 kg at month 12 compared with 1.8 kg for usual care. 
Weight losses were similar in all countries. Attrition, how-
ever, was high in both interventions, with rates of 39 and 
45.8 %, respectively.

In another multisite study, Jolly et al. [7] assigned 740 
men and women to 1 of 8 intervention arms for 12 weeks. At 
year 1, Weight Watchers® participants lost 3.5 kg, compared 
to a smaller 0.8 kg for those assigned to a usual care com-
parator group provided by participants’ primary care HCP. 
Weight losses of other interventions fell in between these 
two groups.

In a single-site study, Johnston et al. [8] assigned 292 
men and women to Weight Watchers® or a self-help program 
(consisting of informational materials on diet and exercise). 
At month 6, Weight Watchers® participants lost an average 
of 4.6 kg, compared with 0.6 kg for self-help. Attrition in 
both groups was low (i.e., 11.6 and 12.4 %, respectively). 
Participants in Weight Watchers® who used all modes of 
participation (including face-to-face meetings, web site, and 
mobile applications) lost the most weight.

In another single-site study, [9] 141 men and women were 
assigned to Weight Watchers® alone, a group behavioral 
weight loss alone, or a group behavioral weight loss treat-
ment combined with Weight Watchers®. At week 48, average 
weight losses in the three groups were 6.0, 5.5, and 3.6 kg, 
respectively ( p = 0.03 for the comparison of groups 1 and 3). 
Adding brief behavioral weight loss treatment to the Weight 
Watchers® program did not improve outcomes.

Examining these five trials together, at 12 to 24 months, 
31–51 % of participants who received the Weight Watch-
ers® program achieved a loss ≥ 5 % of initial weight. These 
findings suggest that primary care HCP can consider Weight 
Watchers® as a behavioral weight loss option with appropri-
ate patients, as indicated by the recent 2013 Obesity Guide-
lines published by The Obesity Society and American Col-
lege of Cardiology/American Heart Association Task Force 
(Obesity Guidelines) [1].

Jenny Craig®

Jenny Craig® provides a lifestyle intervention combined 
with low-calorie meal replacements that provide 1200–2300 
calories per day, as combined with some fresh foods [10]. 
Clients are offered face-to-face individual counseling or 
telephone-based counseling by trained interventionists, both 
in conjunction with online resources. The estimated cost of 
Jenny Craig® for 3 months of intervention and meal replace-
ments is US$1984.00.

Outcome Data In a single-site randomized trial, Rock et al. 
[11] assigned 70 participants to Jenny Craig® or usual care. 
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Program Staff qualifications Diet Physical activity Behavior 
modification

Face-to-face 
contact

Electronically 
delivered contact

Nonmedical programs
Weight Watchers® Successful lifetime 

member (suc-
cessful program 
completer)

Low-calorie, 
exchange diet; 
clients prepare 
own meals

Recommends 
increasing exercise 
over time

Behavioral weight 
control methods

Weekly group 
meetings

Food and activity 
tracker, newsletter, 
forum, mobile app

Jenny Craig® Company-trained 
counselor

Low-calorie diet 
of prepackaged 
Jenny Craig meals 
only

Increased PA with 
goal setting and 
follow through; 
30 min of PA  ≥ 5 
days/week

Manual on weight 
loss strategies 
provided

Individual ses-
sions, weekly 
contact

Jenny at home 
offers contact via 
phone and Internet

Nutrisystem® Health-care 
professional with 
behavioral weight 
control experience

Low-calorie diet 
provided through 
meal replacement 
products

Personalized “My 
Daily 3” activity 
plan

Behavioral weight 
control methods

Access to coun-
selors, dietitians, 
community, and 
tracking tools

Online forum, 
tracking tools, 
blog, dining out 
guide

Medically supervised
Health Manage-
ment Resources®

Licensed physi-
cian and other 
health-care 
providers

Low-calorie or 
very-low-calorie 
diet provided 
through meal 
replacement 
products

Walking and calo-
rie charts provided 
in lifestyle classes

Included in 
lifestyle classes; 
accountability and 
skill acquisition 
emphasized

Group sessions 
and weekly 
classes; some tele-
phone support

None

OPTIFAST® Licensed physi-
cian and other 
health-care 
providers

Low-calorie diet 
provided through 
meal replacement 
products

PA modules taught 
in lifestyle classes

Included in 
lifestyle classes; 
stress management 
and social support 
emphasized

Group sessions 
and weekly 
classes; some tele-
phone support

None

Medifast®/Take 
Shape for Life

Not applicable Low-calorie or 
very-low-calorie 
diet provided 
through meal 
replacement 
products

May be included 
in Take Shape for 
Life

May be included 
in Take Shape for 
Life

Included in Take 
Shape for Life

24 h online 
support through 
the Medifast 
community

Remotely delivered
eDiets.com Company-trained 

counselors and 
company dietitians

Low-calorie diet 
provided through 
“virtual dietitian” 
program; clients 
prepare own meals

PA seminar as 
part of eDiets.com 
University

Included in eDiets.
com University; 
stress management 
emphasized

None Individual and 
group Internet 
support

VTrim® Company-trained 
counselors 
and company 
dieticians

Low-calorie diet 
plan; clients pre-
pare own meals

PA goals and 
planning

Included in the 
two consecutive 
12-week online 
courses

None Individual and 
group Internet 
support

Innergy™ Johns Hopkins-
trained coaches

Low calorie diet 
plan; clients pre-
pare own meals

PA goals and 
planning

Included in phone 
calls and online 
account resources

None Individual and 
group Internet 
support

The Biggest 
Loser® Club

Company-trained 
counselors 
and company 
dieticians

Low-calorie diet 
plan through 
“virtual dietitian” 
program; clients 
prepare own meals

PA goals and 
planning; 8-week 
online exercise 
bootcamp for extra 
cost

Included in the 
online account 
resources

None Individual and 
group Internet 
support

Low-calorie diets typically provide 1200–1500 kcal/day for women and 1500–1800 kcal/day for men. Alternatively, the goal is to induce an energy 
deficit of 500–1000 kcal/day; PA physical activity

Table 12.1  Key components of selected commercial and organized self-help weight loss programs 
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Participants in Jenny Craig® received weekly face-to-face 
meetings with a trained interventionist, plus meal replace-
ments, while those in usual care received diet and exercise 
information from a dietitian at baseline and week 16. At 
month 12, those in Jenny Craig® lost an average of 6.6 kg 
of initial weight, compared with 0.7 kg for participants in 
usual care. Attrition was low in both groups, as shown in 
Table 12.3.

In a multisite randomized trial, Rock et al. [12] allocated 
446 participants to a center-based (face-to-face) intervention, 
telephone-based program, or usual care. Participants in the 
two interventions received weekly contact (in-person or by 
phone) for the entire 2-year study (although not all partici-
pants used this benefit). Those in usual care received diet and 
exercise information from a dietitian at baseline and month 
6. At month 24, participants in the center-based intervention 
lost 7.4 kg, those treated by telephone lost 6.2 kg, and those 
in usual care lost 2.0 kg. As shown in Table 12.3, 62 % of 
those in the first group and 56 % in the second lost ≥ 5 % of 
initial weight, compared with 29 % in the third. Attrition was 
low in all groups.

Short- and long-term weight losses produced by Jenny 
Craig® generally were larger than those achieved in Weight 
Watchers® trials, likely because of the provision of portion-
controlled meals in the former program. Portion-controlled 
meals, served as shakes or prepared foods, increase mean 
weight loss by approximately 3–4 kg (in 3 months) as com-
pared with the prescription of an equivalent calorie diet of 
self-selected conventional foods [13, 14]. The greater weight 
loss with Jenny Craig®, compared with Weight Watchers®, 
comes at a higher cost, some of which, however, would be 
accounted for by the need for Weight Watchers® participants 
to buy conventional foods. The success of the telephone-
delivered program in the Jenny Craig® trial, which nearly 
matched the efficacy of face-to-face counseling, is particu-
larly noteworthy. Telephone-delivered counseling potentially 
is more convenient to patients, eliminates travel costs, and 
can be provided to individuals in remote areas [15]. The 
Obesity Guidelines [1] included Jenny Craig® as one of the 
commercial programs that primary care HCP could consider 
recommending.

Nutrisystem®

The Nutrisystem® program offers low-calorie meal replace-
ments, telephone support for consumers who seek it (pro-
vided by dietitians and trained interventionists) and online 
tracking tools [16]. Estimated 3-month costs for Nutrisys-
tem® range from US$734.97 for the Basic Plan, which in-
cludes a set menu, to US$1259.97 for the Uniquely Yours 
plan, which offers flexible menu customization and greater 
access to weight loss coaches. The high cost of this program, 

relative to Weight Watchers®, results from the cost of the 
prepackaged foods provided by Nutrisystem®.

Outcome Data In a single site trial, Foster et al. [17] 
assigned 69 overweight/obese individuals with type-2 dia-
betes (T2D) to Nutrisystem® or a control program of diabe-
tes support and education (DSE). Participants in the former 
group attended 12 group behavioral sessions over 3 months 
and received Nutrisystem® portion-controlled meals, while 
those in DSE had 3 group meetings. At month 3, participants 
assigned to Nutrisystem® lost 8.2 kg of initial weight, com-
pared to 0.6 kg for DSE. The two groups achieved reductions 
in hemoglobin A1c (A1C) of − 0.9 and − 0.03 %, respectively. 
This study was extended for 3 months as an open-label trial 
with the DSE participants receiving the Nutrisystem® meal 
plan. Mean weight losses at month 6 were 9.7 and 5.3 % for 
the original Nutrisystem® and DSE arms, respectively.

In a two-center trial, Foster et al. [18] assigned 100 over-
weight/obese participants with T2D to Nutrisystem® or dia-
betes self-management education (DSME). Participants in 
the first condition received 9 group behavioral treatment 
sessions, while those in DSME had 9 group meetings that 
provided recommendations for diet, physical activity, and 
diabetes management. Participants, however, were not given 
specific instructions for behavior change. At month 6, Nu-
trisystem® participants lost 7.3 kg of initial weight, com-
pared with 2.2 kg in DSME. Changes in A1C were − 0.7 and 
− 0.4 %, respectively. Attrition was low in both treatment 
arms in both studies.

Approximately 54 % of participants in the second Nu-
trisystem® trial lost ≥ 5 % of initial weight, suggesting the 
potential clinical benefits of this program (as does the re-
duction in A1C). The results, however, from those two tri-
als may not be representative of those typically achieved 
by consumers. This is because Nutrisystem® does not offer 
face-to-face behavioral counseling, as provided in these 
two research trials. It is possible that Nutrisystem®’s tele-
phone-based counseling would produce weight losses com-
parable to those achieved with the face-to-face meetings 
provided in the research studies, a hypothesis worth testing. 
Long-term trials (i.e., 12–24 months) of Nutrisystem® also 
are needed.

Limitations

We note that our cost estimates (Table 12.2) for these three 
programs did not consider promotional discounts offered 
by the companies. In addition, some programs require the 
purchase of fresh foods in addition to those provided by the 
program, expenditures that were not incorporated in our cost 
estimates. Other factors, such as the user friendliness of a pro-
gram’s web sites or consumers’ ratings of the foods provided, 



11312 A Review of Commercial and Proprietary Weight Loss Programs

were not evaluated. All of these factors may play a role in a di-
eter’s decision to participate in a program. The Weight Watch-
ers® program would appear to induce weight loss at a lower 
cost than Jenny Craig® or Nutrisystem®. However, potential 
participants should attempt to estimate their weekly food 
costs while participating in Weight Watchers® to determine 
the ultimate difference in costs between the three programs.

Medically Supervised Proprietary Programs

Medically supervised very low-calorie diet (VLCD) programs 
were very popular in the 1980s, perhaps reaching their zenith 
in 1989 when Oprah Winfrey announced to her television au-
dience that she had lost 67 lb on the OPTIFAST® Program 
[14]. VLCDs provide ≤ 800 kcal/day (typically 400–800 kcal) 
with large amounts of dietary protein (70–100 g/day) to pre-
serve lean body mass [19, 20]. These diets usually are served 
as a powdered protein that is mixed with water, yielding a 
“shake.” Protein, however, also may be obtained from lean 
meat, fish, and fowl, served as conventional foods [14, 19]. 
In either case, the diets are supplemented with vitamins and 
minerals (particularly potassium).

Patients must complete a history, physical examination, 
and laboratory tests prior to receiving a VLCD to ensure 
they have no contraindications (e.g., cardiovascular, renal, 
or hepatic) to severe caloric restriction [14, 19]. Thereafter, 
they meet with a physician, or other primary care HCP, ap-
proximately every 2–4 weeks to review their rate of weight 
loss, vital signs, and any adverse events (including dry skin, 
constipation, headache, and postural hypotension). Patients 
typically are provided weekly individual or group behav-
ioral counseling, designed to facilitate their adherence to the 
VLCD and increase their physical activity. After approxi-
mately 12–16 weeks of the VLCD (and an average weight 
loss of 15–20 kg), conventional foods are gradually reintro-
duced during a 3–6 week refeeding period, with continued 
behavioral instruction in adopting healthy eating habits [14, 
19]. The cost of such treatment, including expenses for med-
ical care, counseling, and the diet, is often US$2500–3500 
for approximately 6 months [21]. Patients usually must pay 
most of the expenses out of pocket, because medical weight 
management is not covered by their insurance plans.

Weight management guidelines issued in 1998 by the Na-
tional Heart, Lung, and Blood Institute did not recommend 
the use of VLCDs because of findings of rapid weight re-
gain following the termination of these diets [20]. Long-term 
weight losses (i.e., 1-year follow-up or more) achieved with 
VLCDs were not significantly greater than those achieved 
with low-calorie diets (LCDs), comprised of conventional 
foods that provided 1000–1200 kcal/day, and induced weight 
loss at a lower cost than VLCDs [14, 20]. The Obesity 
Guidelines [1] similarly concluded that VLCDs were effec-
tive short-term but should only be recommended in limited 

circumstances, such as inducing weight loss before bariatric 
surgery or other medical procedures.

Today, most companies that manufacture VLCDs also 
offer LCDs, typically providing more than 1000 kcal/day. 
Liquid shakes remain a component of the diet but have been 
complemented by high protein meal bars and soups, as well 
as shelf-stable prepared entrees. The increased calories in 
LCDs have led some companies to reduce (or eliminate) 
their medical screening and monitoring [22, 23]. These com-
panies sell shakes and other foods online or by phone to con-
sumers who are instructed to see their own primary care HCP 
prior to weight loss. Behavioral counseling may be provided 
on a web site or by phone, thus, eliminating any face-to-face 
contact with program staff. The decreased medical and be-
havioral care has substantially reduced the cost of treatment 
as compared with VLCDs, although apparently with reduc-
tions in the amount of weight loss.

The largest medically supervised programs are Health 
Management Resources® (Boston, MA), OPTIFAST® 
(Nestle Health Care Nutrition, Fremont, MI), and Medifast® 
(Jason Pharmacuticals, Inc., Owings Mills, MD).

Health Management Resources (HMR)®

HMR® has offered a medically supervised VLCD inter-
vention since 1983 [22]. Today, the program incorporates 
meal replacements using HMR® shakes, entrees, multigrain 
hot cereal, and meal bars. All participants who enroll at an 
HMR® clinical site undergo medical screening. Based on the 
amount of weight loss desired, as well as body mass index 
(BMI) and medical history, participants can choose between 
the Decision-Free® Diet plan and the Healthy Solutions® 
Diet plan [22]. Both plans offer a 3-phase meal replacement 
program, the initial phase being active weight loss, followed 
by a transition (refeeding) phase, and finally weight main-
tenance. Participants in the Decision-Free® Diet program 
usually need to lose ≥ 14 kg (30 lb) and receive a medically 
supervised VLCD that provides 500–800 kcal/day. Partici-
pants attend weekly group behavioral weight loss sessions.

The Healthy Solutions® Diet plan is for participants with 
< 14 kg (30 lb) to lose. It provides a meal replacement diet 
that ranges from 1200–1600 kcal/day. Participants in this 
program attend weekly group behavioral meetings at a local 
clinical center as well, but other than the initial screening, no 
medical supervision is required [22]. The projected cost of 3 
months of this program is US$600–700, plus the cost of food 
(~ US$1350; Table 12.3).

Outcome Data A number of RCTs of the HMR® plan have 
been conducted over the past 25 years at academic research 
centers. Donnelly et al. [24] randomly assigned 69 obese 
females to a VLCD (521 kcal/day) comprised of HMR® 
shakes or to the same diet combined with three different 
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types or intensities of exercise. All participants attended 
weekly group behavioral weight loss sessions for 3 months, 
with additional supervised exercise for some treatment arms. 
There were no statistically significant differences in weight 
loss between the four groups, all of which lost 20–23 kg (and 
~ 45 % of body fat). A follow-up evaluation was not included.

Anderson et al. [25] randomly allocated 40 participants 
with T2D (average A1C of about 8.5 %) to either HMR® liq-
uid diet alone or to the same diet combined with an evening 
meal of conventional foods. Both diets provided 800 kcal/
day and all participants received behavioral counseling. Both 
groups lost approximately 15 kg at week 12 and the A1C de-
clined to approximately 6 % (with no significant differences 
between groups on either measure). At year 1, follow-up of 
37 participants (in the two groups combined) revealed an av-
erage loss of 8.8 kg (from baseline), highlighting the com-
mon problem of weight regain following a VLCD.

In a second study, Anderson et al. [26] assigned 45 obese 
individuals to either a usual care condition that provided three 
counseling visits with a registered dietitian over 24 weeks 
or to an HMR® diet of 1200 kcal/day which prescribed 3 
shakes, 2 entrees, and 5 servings of fruits or vegetables. Par-
ticipants attended weekly 90-min weight loss classes the first 
16 weeks and 60-min maintenance classes for the remaining 
8 weeks. Attrition at week 16 averaged 15.6 %, at which time 
HMR® participants lost significantly more weight than those 
in usual care (− 12.5 kg vs. − 0.7 kg) and had larger reduc-
tions in waist circumference (− 11.6 cm vs. − 0.4 cm). Simi-
lar weight losses were observed at week 24, after the 8-week 
weight maintenance program.

Donnelly et al. [27] randomly assigned 295 participants to 
receive an HMR® diet which was combined with behavioral 
counseling, delivered either in face-to-face meetings or by 
group conference calls. Meetings were held weekly during 
the initial weight loss phase (months 1–6), twice per month 
during months 7–9, monthly during months 10–12, and every 
other month through month 18. During the first 6 months, 
energy intake was reduced to roughly 1200–1500 kcal/day 
using HMR® foods, consisting of liquid shakes or prepared 
conventional foods, combined with fruits and vegetables. 
Participants in the face-to-face and telephone counseling 
groups lost 13.5 and 12.6 kg, respectively, at month 6. More 
than 85 % of participants in both groups lost ≥ 5 % of initial 
weight. At month 18, however, both groups regained an av-
erage of 5 kg from their 6-month weight loss.

OPTIFAST®

The OPTIFAST® program has provided medically super-
vised weight management since 1974 [28]. Participants in 
the program receive meal replacements combined with com-
prehensive medical supervision and behavioral counseling. 

The program typically consists of three phases: a 12-week 
weight loss phase, followed by a refeeding period in which 
conventional foods are gradually reintroduced, and finally a 
long-term weight management phase [28]. A precise estimate 
of the cost of the program in 2014 is difficult to obtain, but 
in 2005 the program was estimated to cost US$1800–2000 
for 3 months [21].

Outcome Data Wadden et al. [29] randomly assigned 49 
women to behavior therapy combined with a balanced deficit 
diet (BDD) of 1200 kcal/day or behavior therapy combined 
with a VLCD comprised of OPTIFAST® (i.e., five servings 
daily, providing 420 kcal/day). Participants in the latter group 
consumed the VLCD for 16 weeks, followed by the gradual 
reintroduction of solid foods so that by week 23, participants 
consumed 1000 kcal/day of conventional foods. Participants 
in both groups attended weekly group counseling sessions for 
the first 52 weeks, followed by every-other-week sessions 
for an additional 26 weeks. At week 16, VLCD participants 
lost 20.5 kg, compared with a significantly smaller 9.1 kg for 
those in the BDD group. The VLCD group, however, regained 
weight rapidly in the ensuing months, so that by month 18, 
losses in the two groups were 10.9 and 12.2 kg, respectively.

Agras et al. [30] compared four methods of improving the 
maintenance of weight loss in 201 women with a mean BMI 
of 36.6 kg/m2 who, before randomization, had lost approxi-
mately 15 kg by participating in a 12-week group behavioral 
program that included the use of OPTIFAST® (800 kcal/day). 
Following this intervention, participants entered a refeeding 
and weight loss maintenance program in which they received 
group behavior therapy weekly for the first 12 weeks, then 
every 2 weeks for 3 months, and finally at monthly intervals 
for the past 3 months. As part of refeeding, participants were 
randomly assigned to consume either prepackaged foods 
(meal replacements)  or conventional foods, in either a time-
dependent manner (i.e., in which new refeeding foods were 
introduced on a set schedule at weekly intervals) or a weight-
dependent manner, in which participants progressed to the 
next stage of refeeding only when their weight was stable or 
declining. By the end of the first 3 months, all participants 
had discontinued the use of OPTIFAST® and they consumed 
all of their meals and snacks as conventional foods. After 6 
additional months of instruction in weight loss maintenance, 
participants had another 9 months of non-intervention fol-
low-up, through 18 months post-randomization. At this time, 
90 % of participants completed the study and both groups 
that had been assigned to consume conventional foods dur-
ing the refeeding period maintained a loss of approximately 
8 kg (i.e., a regain of about 7 kg from the 15 kg loss during 
the pre-randomization OPTIFAST® program). Participants 
assigned to consume pre-packaged foods in a time-depen-
dent manner during the refeeding period maintained a mean 
loss of 6 kg at month 18, while those who were assigned 
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to the weight dependent refeeding program (and consumed 
prepackaged foods) maintained a loss of only 2.8 kg. Results 
of this study, with those of Wadden et al. [29], underscore 
the difficulty of sustaining the large weight losses achieved 
with a VLCD, even when participants are provided intensive 
weight loss maintenance counseling.

Medifast®

Medifast® was established in 1980 to manufacture and dis-
tribute Medifast® Meals to doctors, who in turn prescribed 
them to their patients and provided medical supervision and 
behavioral counseling [23, 31]. Medifast® was redesigned 
by Jason Pharmaceuticals in 2000 as a direct-to-consumer 
program [31].

The Medifast® program provides six weight loss plans 
using low-calorie, low-fat, and low glycemic-index meal 
replacements. The company reports that the most popu-
lar diet is the Medifast 5&1 Plan® which consists of three 
phases. The first is the weight loss phase, in which patients 
eat 5 Medifast® meal replacements per day plus a Lean & 
Green™ meal, comprised of conventional foods that the in-
dividual prepares with the help of a grocery list provided by 
the program. These latter meals provide principally protein 
and vegetables. During the second phase of the program pa-
tients gradually increase their caloric intake, starting from 
850–1050 kcal/day the first week to 1150–1550 kcal/day 
by weeks 4–6. The third phase of the program focuses on 
weight loss maintenance, in which individuals are prescribed 
three lean protein and vegetable meals and 3 Medifast® meal 
replacements [23]. Patients also have the option to visit a 
Medifast® Weight Control Center for support and medical 
supervision [23]. We were unable to obtain a precise estimate 
of the cost of the program, which we calculate (for 3 months) 
is approximately US$1017 plus the cost of a potential initial 
evaluation and any subsequent visits.

Outcome Data Several studies have examined the efficacy of 
the Medifast® program. Cheskin et al. [32] randomly assigned 
119 participants with T2D and a BMI of 25–40 kg/m2 to 
Medifast® Plus for Diabetics or to a 25 % energy-deficit diet in 
accordance with recommendations of the American Diabetes 
Association (ADA). The participants were assessed at week 34 
for weight loss and then 1 year later for weight maintenance. 
At week 34, only 48 (40.3 %) participants in the two groups 
completed the program. Participants assigned to Medifast® 
lost significantly more weight than those on the 25 % energy-
deficit diet and had greater reductions in their waist circum-
ference measurements (− 7.3 kg vs. − 3.7 kg and − 6.9 cm vs. 
− 4.9 cm, respectively). The Medifast® group also had signifi-
cantly greater reductions in fasting blood glucose levels than 

the energy-deficit diet group (− 22.2 mg/dl vs.− 11.17 mg/dl). 
Only 24 participants (21.4 %) completed the 1-year follow-up 
evaluation, severely limiting the validity of the data.

Davis et al. [33] randomly assigned 90 adults with a BMI 
of 30–50 kg/m2 to either a Medifast® meal replacement 5&1 
Plan® or a self-selected diet of conventional foods, with both 
prescribing ~ 1000 kcal/day. Participants were treated for 16 
weeks, at the end of which time those assigned to Medifast® 
lost 13.5 kg, compared with 6.5 kg for those prescribed a 
conventional diet. The Medifast® group had a greater de-
crease in waist circumference than the self-selected diet 
group (− 13 cm vs. − 7.8 cm). At a follow-up assessment 
at week 40, weight losses for the two groups were 8.9 and 
5.7 kg, respectively. Results of this study must be interpreted 
in the light of attrition of 50 % at week 16.

Shikany et al. [34] compared the Medifast® 5&1 plan to 
a reduced energy, food-based diet (~ 1000 kcal/day) in 120 
participants with a BMI of 35–50 kg/m2. Participants com-
pleted a 26-week weight loss phase followed by 26 weeks of 
weight maintenance. At week 26, the Medifast® group lost 
significantly more weight than the reduced-energy, food-
based diet (− 7.5 kg vs.-3.8 kg). At week 52, mean weight 
loss remained greater in the Medifast® group (− 4.7 kg vs. 
− 1.9 kg, respectively) and attrition averaged 21 %.

Limitations

The data presented here have several limitations. First, most 
of the RCTs were conducted in academic medical centers 
and the weight losses achieved may not be representative 
of those obtained in community medical practices. Second, 
some of the randomized trials of HMR® and OPTIFAST® 
examined the efficacy of VLCDs combined with specific be-
havioral interventions (e.g., weekly, closed-group behavioral 
sessions) which are no longer provided by the companies, 
thus, limiting the relevance of the results [29, 30]. Similarly, 
some studies were not designed to evaluate the medically 
supervised program per se but instead included the VLCD as 
a background therapy on top of which to assess the effects of 
different types of exercise training or methods of refeeding 
patients (after the VLCD) [24, 30]. It is not clear how these 
added interventions may have affected the short- or long-
term weight losses compared with those typically achieved. 
Third, several studies had high attrition rates, which limit 
the confidence that can be placed in the mean weight losses 
reported. Fourth, many studies did not provide a thorough 
report of adverse events, which typically are more frequent 
with these programs than with nonmedical commercial pro-
grams. Fifth, there was difficulty obtaining data on the costs 
of the VLCD and LCD programs, suggesting that consumers 
may similarly have such difficulty when trying to determine 
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what a course of treatment will cost. For these reasons, the 
conclusions of the Obesity Guidelines [1] are reiterated that 
VLCDs should be used in only limited circumstances, such 
as inducing weight loss in at-risk patients where bariatric 
surgery is considered as a last resort. On the other hand, LCD 
meal replacements would appear appropriate for a greater 
range of obese individuals, but we believe that they should 
be administered under the care of a primary care HCP.

Remotely Delivered Commercial Weight Loss 
Programs

Internet and smartphone-based interventions are the latest 
development in commercial programs and will continue to 
grow in popularity because of their convenience and low 
cost. eDiets.com, VTrim®, The Biggest Loser® Club, and 
Innergy™, have all been evaluated in RCTs and will be re-
viewed here. A host of other programs are available to con-
sumers (e.g., Nutrisystem.com, Weight Watchers® Online, 
Alere™, WebMD®, Dietwatch.com), as well as at least 30 
smartphone applications (apps), such as MyNetDiary, Lose 
it!, MyFitnessPal, and Weight Watchers® Diary [35].

eDiets.com

eDiets.com offers clients a choice of low-calorie reducing 
plans, based on their dietary preferences [36]. Clients choose 
from seven diets, for all of which they purchase conventional 
foods and prepare their meals. All of the meal plans are de-
signed to induce a loss of 0.5–0.9 kg/week (1–2 lb/week), a rate 
similar to that for nonmedical commercial programs. eDiets.
com also offers online support (from other members), physi-
cal activity planning, and blog posts about diet and exercise. It 
also provides access to company experts, including dietitians 
and psychologists. eDiets.com charges US$9.95 for a 1-month 
membership (equal to US$29.85 for a 3-month program).

Outcome Data A single-site randomized trial [37] assessed 
the efficacy of eDiets.com (as available between February 
2001 and September 2002) compared to a behavioral weight 
loss manual (LEARN Program for Weight Management 
2000)  [38]. After 1 year, participants assigned to eDiets.com 
lost 0.8 kg, compared to a significantly greater 3.3 kg for 
LEARN participants. These results most likely represent a 
best-case scenario given that participants in both groups had 
11 on-site assessment visits (i.e., brief weigh-ins), as well as 
five 15-min consultations with a psychologist to assess prog-
ress. Such visits likely increased motivation and adherence 
to the recommended diet and physical activity modifications. 
The attrition rates for eDiet.com and LEARN participants 
were 34.8 and 33.3 %, respectively.

VTrim®

VTrim® offers clients two 12-week structured weight loss 
programs that run consecutively [39]. The weekly 1-h class-
es are led by company experts in a private online chat room 
with 12–20 clients. Each online class focuses on a specific 
strategy to improve eating and exercise habits, such as eat-
ing in social situations. The program prescribes both a low-
calorie diet and physical activity regimen with the goal of 
facilitating weight loss of 0.5–0.9 kg/week (1–2 lb/week). 
The program also includes access to online food and exercise 
journaling, recipes, calorie calculators, and weekly feedback 
from the group leaders via the web site or e-mail. VTrim® 
charges US$395 per 12-week course (US$790 for two con-
secutive 12-week courses) and also offers a monthly mainte-
nance course for an additional fee.

Outcome Data A single-site randomized trial [40] (con-
ducted from February 2003 through March 2005) examined 
the effectiveness of VTrim® compared with eDiets.com 
(described previously). At month 6, participants assigned to 
VTrim® lost significantly more weight than those using eDi-
ets.com (− 6.8 and − 3.3 kg), and VTrim® participants main-
tained greater weight loss at month 12 (− 5.1 and − 2.6 kg, 
respectively). In addition, 65 % of VTrim® participants lost 
≥ 5 % of initial weight at month 12 compared to 37.5 % of 
eDiets.com participants. One-year attrition rates were 35 and 
23 %, respectively.

Innergy™

Innergy™ is a phone and web-based weight loss program 
developed by Johns Hopkins Medicine and Healthways, 
Inc. and is currently delivered to the public by Healthways, 
Inc. It is available exclusively through employers, health 
plans, health systems, physician networks, and government 
agencies [41]. The program offers a 12-month weight loss 
intervention, followed by 12 months of maintenance support 
[42]. It provides one-to-one counseling, via the telephone 
or web, with coaches trained by Johns Hopkins staff. The 
Innergy™ web site offers educational resources, self-mon-
itoring tools, personalized e-mail reminders, and progress 
tracking, as well as online group chats with a coach or other 
members. The program also encourages clients to commu-
nicate with their primary care practitioners and gives clients 
a shareable progress report for their routine medical visits. 
The program prescribes a low-calorie diet (of conventional 
foods) and physical activity with the goal of achieving and 
maintaining a loss ≥ 5 % of initial body weight at month 12. 
For Johns Hopkins University employees, the cost of this 
program (which is partially subsidized by their employer) 
is US$27.47 per month for the 12-month weight loss pe-
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riod (i.e., US$329.64 for the first year) and US$13.73 per 
month for the subsequent 12-month maintenance period (i.e., 
US$164.76 for the second year) [42]. However, costs may 
vary across employers and health systems.

Outcome Data The Innergy™ program was modeled on 
the results of a single-site randomized controlled trial con-
ducted by investigators at John Hopkins University [43]. 
The Practice-based Opportunities for Weight Reduction 
(POWER) trial compared the effectiveness of usual care to 
a 2-year lifestyle intervention that was delivered remotely 
by telephone (i.e., 33 brief individual calls) or by in-person 
group and individual meetings (i.e., up to 57 such visits). 
Participants in the two latter groups also were provided a 
web-based program that included a curriculum of behavior 
change and tools for tracking diet and physical activity. At 
month 24, participants in the remotely delivered and in-per-
son groups lost 5.1 and 4.6 kg of initial weight, respectively, 
compared with a significantly smaller 0.8 kg for controls. 
A total of 38.2, 41.4, and 18.8 % of participants in the three 
groups lost ≥ 5 % of initial weight at month 24 [43].

Findings for the telephone-delivered intervention in the 
POWER trial are very encouraging, given that 33 brief 
phone calls produced a clinically meaningful weight loss 
(months 12 and 24) which was equivalent to that achieved 
with a more intensive face-to-face intervention. Additional 
studies are needed of the Innergy™ program to determine 
if the commercialized version of the POWER study is as ef-
fective as the original intervention, which was delivered in a 
highly structured research setting.

The Biggest Loser® Club

The Biggest Loser® Club is a web site that offers clients food 
and exercise monitoring tools, menu and exercise planning, 
educational resources, community forums, and weekly e-
mail newsletters [44]. The program prescribes a low-calorie 
diet and physical activity with the goal of inducing a loss of 
0.5–1 kg/week (1–2 lb/week). In addition, the web site offers 
clients access to a global database, which includes calorie 
and nutritional information for 200,000 name and generic 
brand products. The Biggest Loser® Club charges US$19.99 
for a 1-month membership or US$39.99 for 3 months.

Outcome Data A single-site randomized controlled trial 
compared basic and enhanced versions of The Biggest 
Loser® Club web site to a waitlist control group [45–47]. 
The enhanced version included all features of the basic ver-
sion described previously, plus personalized, system-gen-
erated weight loss goals, weekly personalized automated 
feedback for participants, and escalating reminders (e-mail, 
text message, and phone call) to use the online weight diary. 

(We note that the basic version is commercially available, 
but the enhanced version was delivered by researchers in 
a “closed test environment.”) At week 12, both the basic 
and enhanced versions produced significantly more weight 
loss than the control group, with no difference between the 
first two groups (− 2.3, − 3.1, and + 0.5 kg, respectively, as 
determined by last observation carried forward analysis). 
After week 12, the control participants were re-randomized 
to either the basic or enhanced group, and all participants 
received 12 more weeks of intervention. There were no dif-
ferences in weight loss between the two intervention groups 
at week 24 (basic = − 3.0 kg and enhanced = − 3.9 kg, with 
attrition of 31.5 and 19 %, respectively).

Limitations

Currently, there is limited research to evaluate the efficacy 
and effectiveness of remotely delivered commercial weight 
loss programs, and for the research that is available, findings 
are mixed. For example, the Internet-based eDiets.com pro-
gram did not produce greater weight loss than the LEARN 
manual, which included the use of traditional paper and 
pencil food diaries. LEARN participants lost more weight 
than those assigned to eDiets.com, who reduced < 1.0 kg at 
year 1 [37, 38]. The VTrim® program also performed bet-
ter than eDiets.com after 12 months, potentially because of 
the greater attention provided by the weekly online chats in 
the former program [40]. Participants assigned to use The 
Biggest Loser® Club web site lost significantly more weight 
than a waitlist group, but the web site participants did not 
achieve clinically meaningful weight losses on average [46]. 
The most promising results reviewed were obtained in the 
POWER study (i.e., the basis for Innergy™) with the pro-
vision of brief telephone calls by a trained interventionist, 
combined with participants’ use of a web-based intervention 
[43]. The Obesity Guidelines [1] concluded that feedback 
from a trained interventionist, as provided in this study, is 
critical to the success of remotely delivered programs.

Given that a majority of Americans have a smartphone 
and access the Internet daily, [48] interventions delivered 
via smartphone, the web, and telephone would appear to be 
more convenient and more accessible to dieters than tradi-
tional store-front programs. Individuals may also use these 
remote devices to access others’ personal stories of success-
ful weight loss; reading these crowdsourced materials has 
been shown to increase ratings of self-efficacy for losing 
weight [49]. However, additional RCTs are needed to evalu-
ate commercially available remotely delivered programs, 
and further research is needed on methods of keeping diet-
ers engaged with these interventions, which are easy to start 
but also to quit. A personal relationship with a trained inter-
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bid conditions (e.g., T2D, hypertension) that may improve 
with weight loss. Medications may need to be adjusted with 
weight change, and the physician here can provide important 
long-term support when the patient completes a weight loss 
program. This includes encouraging the patient to monitor 
his or her weight weekly or more often and to respond appro-
priately to small weight gains by decreasing calorie intake 
and increasing physical activity [58].

Conclusions

This review of commercial and proprietary weight loss pro-
grams has revealed that two nonmedical programs—Weight 
Watchers® and Jenny Craig®—have provided evidence of 
their efficacy in two or more RCTs of 1 year’s duration or 
longer. Both programs were found to produce clinically 
meaningful weight loss on average and, as recommended by 
the Obesity Guidelines [1], can be considered by primary 
care HCP as options for behavioral weight control with ap-
propriate individuals. As noted previously, the programs vary 
markedly in price, a fact that consumers should investigate 
carefully before signing up for either. Some of the difference 
in price may be mitigated by the need for dieters to purchase 
conventional foods when participating in the Weight Watch-
ers® program.

Liquid meal replacement diets, whether served as VLCDs 
or LCDs (the latter often combined with conventional foods) 
were generally found to produce larger weight losses than 
the nonmedical programs reviewed. However, numerous 
studies revealed that participants regained weight rapidly 
when they lost more than 12–15 kg on average. Thus, it may 
not be beneficial to aim for these larger losses (particularly 
in view of the costs involved with a VLCD), as implicitly 
noted by the 1998 [20] and 2013 Obesity Guidelines [1]. The 
provision of liquid meal replacements directly to consum-
ers was popularized by companies such as SlimFast® and 
now has been followed by some of the original medically su-
pervised VLCD programs, including HMR® and Medifast®. 
The switch to LCD programs, particularly those providing 
> 1000 kcal/day, has been accompanied by some companies’ 
eliminating (or reducing) their direct medical screening and 
monitoring of patients, a responsibility they have passed on 
to consumers’ primary care HCP. We strongly believe that 
individuals who plan to use a meal replacement LCD for 
a week or more should see their primary care HCP before 
doing so. Such diets, for example, can cause hypoglycemia 
in individuals with T2D, if not used properly [14].

Remotely delivered weight loss interventions (including 
by mobile phone, apps, and social media) will continue to 
receive the most attention from developers and consumers 
in the near future. These approaches currently are not as 
effective as traditional face-to-face interventions or those 
delivered by telephone. However, remotely delivered inter-
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ventionist, whether in person, over the phone, or by digital 
contact, may be necessary to facilitate dieters’ accountability 
and adherence to their program.

Implementation into Practice

Primary care physicians are often the first HCP who identify 
overweight and obese patients [50, 51]. Therefore, interven-
tion should start at the HCP’s office with the goal of educat-
ing patients about the causes and consequences of obesity, as 
well as the benefits of losing 5–10 % of initial weight. The 
HCP must first determine whether patients are ready to lose 
weight. Those who are not, should be encouraged to prevent 
further weight gain and their readiness for weight loss should 
be reassessed at subsequent visits. With a patient who wishes 
to lose weight, the HCP should review previous successful 
weight loss efforts and determine whether any of the prior 
approaches appeal to the individual at present. If not, patient 
and provider can develop a new weight loss intervention that 
considers the individual’s weight-related comorbidities, as 
well as preferences for diet, physical activity, and behavioral 
interventions [1]. A key question for the HCP is whether 
they wish to provide intensive lifestyle counseling to their 
overweight/obese patients (with the requirement of weekly 
to twice monthly counseling visits) or instead prefer to refer 
patients to other HCPs (e.g., registered dietitian, behavioral 
psychologist, or nurse) or commercial programs that can 
provide intensive lifestyle counseling [58].

Overweight and obese individuals should be prescribed 
lifestyle counseling that will assist them in adhering to a 
LCD. These individuals should be prescribed LCD consist-
ing of 1200–1500 kcal/day for females, or a 1500–1800 kcal/
day for males. An alternative to this, could be prescribing 
an energy deficit of 500–700 kcal/day. This objective could 
be achieved using many of the commercial weight loss pro-
grams described in this chapter [1].

VLCDs can be used in patients with obesity with a BMI 
≥ 30 kg/m2, but should be provided under the supervision of 
a physician (potentially the patient’s primary care physician) 
and a trained lifestyle interventionist. As noted previ-
ously, although these diets produce greater weight losses 
(~ 15–25 % of body weight) than those observed with LCDs, 
patients regain about 50 % of the lost weight 1–2 years after 
treatment [52, 53]. The National Heart, Lung, and Blood In-
stitute (NHLBI) expert panel did not recommend the use of 
VLCD over LCD because there is no difference in the long-
term weight loss between the two diets after considering the 
weight regain associated with VLCDs [14, 54–57].

With a patient who is referred to another HCP or to a com-
mercial weight loss program, the primary care physician still 
plays a critical, on-going role in the individual’s weight loss 
effort. This includes praising the patient, at routine medi-
cal visits, for losing weight, as well as monitoring comor-
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ventions are likely to improve as they provide more opportu-
nities to monitor weight, physical activity, and eating behav-
ior in a convenient manner. In addition, the time is quickly 
coming when data collected on smart phones, smart scales, 
and accelerometers will be automatically entered in patients’ 
electronic health record, thus, continually updating primary 
care HCP on their patients’ weight management success.
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Abbreviations
ACLS Aerobics Center Longitudinal Study
AT/RT Aerobic training/resistance training
BMI Body Mass Index
CARDIA  Coronary artery risk development in young 

adults
CHD Coronary heart disease
CRF Cardiorespiratory fitness
CVD Cardiovascular disease
DARE Diabetes aerobic and resistance exercise
DREW Dose response to exercise in women
FBG Fasting blood glucose
HDL High-density lipoproteins
LDL Low-density lipoprotein
MET Metabolic equivalents of task
OGTT Oral glucose tolerance test
PA Physical activity
STRRIDE  Studies of targeted risk reduction intervention 

through defined exercise
T2D Type-2 diabetes
TG Triglyceride

Introduction

In 2008, the US Department of Health and Human Services 
released the first set of Federal Physical Activity Guidelines 
(U.S. Department of Health and Human Services 1–76; 
http://www.health.gov/paguidelines/). While several itera-
tions of the US dietary guidelines have occurred over the 
past decades, the 2008 Physical Activity Guidelines repre-
sent the first federal physical activity (PA) recommendations 

to improve the health of Americans. The process of how 
these guidelines were developed is worth discussing, con-
sidering the lack of prospective, longitudinal evidence. An 
Advisory Committee was commissioned to produce a sum-
mary of the PA research categorized according to health sta-
tus (healthy adults, diabetes, heart disease, disability, etc.). 
The result was a comprehensive report of over 600 pages 
with associated references (US Department of Health and 
Human Services). The Guidelines mirror the findings of 
this report and are similar to recommendations from other 
groups such as the Centers for Disease Control and Preven-
tion, American College of Sports Medicine, American Heart 
Association, American Diabetes Association, and Surgeon 
General’s Report. The new Guidelines represent a tremen-
dous resource for clinicians, researchers, and the lay-public 
and are referred to frequently in this chapter.

The Guidelines state that in order to attain substantial 
health benefits from PA or exercise, adults should participate 
in at least 150 min (2 h and 30 min) a week of moderate-
intensity, 75 min (1 h and 15 min) a week of vigorous-inten-
sity aerobic PA, or an equivalent combination of moderate- 
and vigorous-intensity aerobic activity. The aerobic activity 
should occur on most days of the week and in bouts of at 
least 10 min. In addition to aerobic activity, adults should 
also participate in muscle-strengthening activities (resistance 
training) that involve all major muscle groups on 2 or more 
days a week. Two additional, key messages that are reiter-
ated several times in the Guidelines are that (1) participating 
in some activity is better than no activity and (2) participat-
ing in more activity than what is recommended may produce 
greater health benefits.

The Guidelines address many different health conditions 
including cardiovascular disease (CVD), type-2 diabetes 
(T2D), and aging. The research used to make the recom-
mendations stems from published epidemiological and inter-
vention studies along with recommendations that are either 
inferred from past data or based on the best evidence or guid-
ance from the Advisory Board. As such, the Guidelines for 

http://www.health.gov/paguidelines/
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specific health outcomes and PA/exercise components are 
graded as “strong,” “moderate,” and “weak,” based on the 
available literature (type, number, and quality), consistency 
of the outcome in the literature, the possibility for causality 
and dose response, and where evidence was limited, the rec-
ommendations were at the discretion of the Advisory Board 
(Table 13.1). Regular PA is important across the age-span to 
improve fitness (aerobic and muscular), prevent early death, 
especially from cardiovascular disease, improve metabolic 
health, and reduce the risk of musculoskeletal disorders in-
cluding osteoporosis and bone fracture. The sections below 
will outline the epidemiologic and intervention evidence that 
support the recommendations for increased PA, especially 
in sedentary individuals or those with low activity levels, 
to improve major health outcomes including cardiorespi-
ratory fitness (CRF), metabolic diseases such as T2D, and 
overweight/obesity.

Importance of Physical Activity and Exercise 
for Health

As stated previously, the Guidelines recommend that adults 
obtain 150 min of moderate PA or 75 min (1 h and 15 min) 
of vigorous-intensity aerobic PA per week to maintain or im-
prove health [1]. In brief, moderate intensity is characterized 
as a brisk walk whereas a jog is considered the lower bound-
ary of vigorous intensity. This recommendation is based on 
epidemiological studies which demonstrate a reduction in 
cardiovascular and all-cause mortality consistent at or above 
these PA levels [1, 2]. However, only 43.8 % of adults par-
ticipate in recommended levels of aerobic PA, and approxi-
mately 30 % of adults engage in no leisure time PA (defined 
as no light to vigorous sessions lasting at least 10 min in du-
ration) [3]. Studies in this area of research typically quantify 
exercise as either PA (through a validated questionnaire) or 
evaluate CRF either through an exercise test, where partici-
pants are near maximal or maximal levels (e.g., age-predict-
ed maximal heart rate or volitional exhaustion) [4]. CRF is 
thought to be a more valid measure because it is an objective 
measure and not prone to the misclassification of PA levels 
that can occur with subjective questionnaires [5, 6]. Addi-
tionally, some studies have observed that CVD mortality is 
more strongly associated with CRF than with PA [5, 7].

Physical Activity, Cardiorespiratory Fitness, 
and Heart Disease

According to data from the American Heart Association’s 
Heart Disease and Stroke Statistics [3], heart disease was the 
leading cause of death in the USA in 2010 accounting for 
approximately 787,650 deaths, representing 31.9 % of all-
cause mortality [3]. Low PA or low CRF represent major risk 
factors for heart disease [8–10] and, moreover, have been 
shown to be independent of other traditional CVD risk fac-
tors, including body mass index (BMI) [11], body fat [11], 
dyslipidemia [12], and hypertension.

Several major studies have demonstrated PA and CRF as 
risk factors for heart disease. In addition, studies suggest that 
PA and CRF may interact with obesity to influence heart dis-
ease outcomes. Although PA levels measured through ques-
tionnaires have various limitations as mentioned earlier (e.g., 
self-reported, subjective nature, and misclassification issues) 
[5–7], many studies report that PA is inversely associated 
with heart disease risk. For example, in the Harvard Alumni 
Study, 12,516 middle-aged and older men were followed 
from 1977 to 1993. PA levels were quantified through the use 
of a questionnaire asking participants about the amount of 
daily stairs climbed, distances walked, and recreation sports 
and activities. The researchers found that an exercise level at 
or above public health recommendations (~ 150 min/week) 

Table 13.1  Health benefits associated with regular physical activity
Children and Adolescents
Strong evidence
Improved cardiorespiratory and muscular fitness
Improved bone health
Improved cardiovascular and metabolic health biomarkers
Favorable body composition
Moderate evidence
Reduced symptoms of depression
Adults and Older Adults
Strong evidence
Lower risk of early death
Lower risk of coronary heart disease
Lower risk of stroke
Lower risk of high blood pressure
Lower risk of adverse blood lipid profile
Lower risk of type-2 diabetes
Lower risk of metabolic syndrome
Lower risk of colon cancer
Lower risk of breast cancer
Prevention of weight gain
Weight loss, particularly when combined with reduced calorie intake
Improved cardiorespiratory and muscular fitness
Prevention of falls
Reduced depression
Better cognitive function (for older adults)
Moderate to strong evidence
Better functional health (for older adults)
Reduced abdominal obesity
Moderate evidence
Lower risk of hip fracture
Lower risk of lung cancer
Lower risk of endometrial cancer
Weight maintenance after weight loss
Increased bone density
Improved sleep quality

  



12313 Physical Activity Programs

was associated with 25–27 % reduction in coronary heart dis-
ease (CHD) after adjustment for important confounding vari-
ables such as age, BMI, alcohol intake, hypertension, T2D, 
and smoking status. This study observed that the relation-
ship between PA and CHD displayed an “L”-shaped distri-
bution, meaning that once PA levels were at or above public 
health definitions, no further reduction in risk of CHD was 
observed [4]. Similarly, in the Nurses’ Health study, Li et al. 
evaluated the effects of PA on CHD in 88,393 women (ages 
34–59 years) between the years of 1980 and 2000. PA was 
measured using a questionnaire that evaluated the amount 
of time spent each week in moderate and vigorous activities. 
The researchers observed that women with less than 3.5 h/
week of PA had a 34–43 % increased risk in CHD.

Studies that have evaluated the relationship between CRF 
and CVD mortality have observed similar relationships. In 
a classic study by Blair et al. [12] from the Aerobics Center 
Longitudinal Study (ACLS), CRF was measured using a 
modified Balke treadmill protocol (where the intensity of 
exercise was periodically increased in standardized fash-
ion until the participant reached at least 85 % of their age-
predicted maximum heart rate) performed during preventive 
medicine examinations in 25,341 men and 7080 women be-
tween 1970 to 1989 (Fig. 13.1). A low CRF (lowest 20 % of 
sample based on age and gender) was associated with 1.7-
fold increased risk for CVD mortality in men and 2.4-fold 
increase in women, after adjustments for smoking status, 
high cholesterol, systolic blood pressure, BMI > 27 kg/m2, 
and other confounding variables [12]. Lee et al. [11] further 
evaluated this relationship with respect to body fat in men 
and observed elevated risk of CVD mortality in unfit men 
compared to fit men, regardless of whether they were lean 
(~ 3-fold), normal body fat (~ 1.5-fold), or obese (~ 2.7-fold).

Population level studies have also shown that improve-
ments in CRF are associated with a reduction of CVD mor-

tality, suggesting that public health promotion may have 
an important role in reducing the risk of heart disease. Lee 
et al. [13], using data from the ACLS database, showed that 
men categorized with an initially low CRF, but increased 
their CRF level at the second examination, had a 42 % re-
duction in CVD mortality, compared to those that remained 
unfit. Additionally, these analyses were adjusted for a set of 
potential confounding variables including changes in BMI 
between both examinations. While these data are certainly 
provocative and clinically important, a major limitation of 
the literature at the present time is the power to investigate 
the influence of racial descent considering that the majority 
of the ACLS database is composed of white men.

The data above suggest that baseline levels of PA or CRF, 
as well as changes in CRF, have a major role in the overall 
risk of heart disease. In general, PA and CRF reduce the risk 
of heart disease independent of other traditional CVD risk 
factors, including BMI.

Physical Activity, Cardiorespiratory Fitness, 
and Type-2 Diabetes

Approximately 29.1 million Americans have T2D, which 
represents the seventh leading cause of death in the USA. 
According to a Scientific Statement released by the Ameri-
can Diabetes Association [14] in 2012, the total estimated 
medical cost of treating T2D in the USA was US$245 bil-
lion, which included US$176 billion in direct medical costs 
and US$69 billion in reduced productivity. In addition to 
the health consequences associated with high blood glucose 
levels, about 70 % of individuals with T2D have concurrent 
hypertension and 65 % have dyslipidemia, including high 
low-density lipoprotein (LDL) and high triglyceride (TG) 
levels. This results in an estimated 1.7-, 1.8-, and 1.5-fold 
increase in CVD mortality, heart attack, and stroke, respec-
tively, compared with their counterparts without T2D. PA 
and exercise training is recommended to reduce the overall 
risk and associated severity of T2D.

Similar to heart disease, research demonstrates an inverse 
relationship between T2D incidence and PA/CRF levels. In 
the ACLS, CRF was quantified by a maximal graded exer-
cise test, and T2D risk was determined based on blood glu-
cose values (≥ 126 mg/dL) at follow-up. In this study, Wei 
et al. [15] followed 8633 for an average of 6.1 years and 
found that low CRF levels at baseline were associated with 
a 2.6-fold increase in risk in the development of T2D. This 
relationship persisted after statistical adjustments for BMI, 
age, high blood pressure, high levels of high-density lipo-
proteins (HDL), total cholesterol, TG, parental T2D, and 
other confounders [15]. Additionally, Wei et al. [15] found 
an inverse relationship between CRF at baseline and risk 
of developing T2D in men who were both overweight and 

Fig. 13.1  Risk of cardiovascular mortality across levels of cardiorespi-
ratory fitness in women and men. CVD cardiovascular disease
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obese. Similar relationships were observed from the ACLS 
dataset in women, as Sui et al. [16] followed 6249 women 
for 17 years, and observed a 39 % reduction in risk of T2D in 
those classified as having high CRF, compared to those clas-
sified as having low CRF at baseline after statistical adjust-
ments for covariates, including baseline BMI. In overweight 
women (BMI ≥ 25 kg/m2), the authors observed a 2.6-fold 
increased risk of T2D incidence in women who were unfit 
compared to those women who were lean and fit.

Epidemiological studies have also evaluated the effect of 
CRF change from baseline to follow-up (instead of initial 
CRF alone) on the risk of developing T2D. In the Coronary 
Artery Risk Development in Young Adults (CARDIA) study, 
CRF was quantified using a modified Balke treadmill proto-
col and T2D was diagnosed through fasting blood glucose 
(FBG) levels ≥ 126 mg/dll, self-report of diabetes medica-
tions, or 2-h post-challenge blood glucose ≥ 200 mg/dL. 
Carenthon et al. [17] followed 1808 men for 7 years and 
found that a reduction in CRF (quantified by a 19 % reduc-
tion in treadmill test duration over 7 years) was associated 
with a 2-fold and 46 % increase in T2D incidence in men 
and women, respectively, after adjustments for baseline BMI 
and other potential confounders (age, race, smoking, family 
history of T2D, and baseline treadmill test duration). In a 
separate analysis examining change in CRF over the course 
of 20 years, Carnethon et al. [17] ( N = 2231) observed that 
those who were diagnosed with T2D over the course of 20 

years had greater reductions in treadmill test duration (men: 
− 37.9 %, women: − 34.9 %; indicating a reduction in CRF) 
compared to those who did not have T2D (men: − 26.5 %, 
women: − 27.0 %). In the ACLS dataset, Wei et al. [18] ob-
served that men who had an increase in CRF level by just 
1 metabolic equivalent of task (or “metabolic equivalent”; 
MET) between the baseline and follow-up examinations 
had a 28 % reduction in T2D incidence after adjustments for 
baseline BMI and other covariates.

Fitness is also an important component for survival in 
individuals with T2D. Church et al. [19] followed 2196 
with T2D for an average of 14.6 years and found that men 
who had low (< 8.8 METs) or moderate (8.8 to 10.0 METs) 
levels of CRF at baseline had a 4.5 and 2.8-fold increased 
risk of death, respectively, compared to men with high CRF 
levels (> 11.7 METs). Statistical adjustments were made 
in this analysis for non-modifiable risk factors, modifiable 
risk factors, and BMI. In another study by Church et al. [20] 
within the ACLS dataset where 2316 men with T2D were 
followed for an average of 15.9 years, a 1-MET increase in 
CRF was associated with a 20 % reduction in CVD mortal-
ity (Fig. 13.2). Additionally, higher CRF reduced the overall 
risk of CVD mortality in both normal-weight and obese men 
with T2D. The relationship of CRF with mortality measures 
in individuals with T2D has important clinical and public 
health implications due the high risk of heart disease in indi-
viduals with T2D.

Fig. 13.2  Risk of mortality across cardiorespiratory levels in metabolic equivalents of task (METs) in men with diabetes. CVD cardiovascular 
disease
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In summary, the available evidence suggests that similar 
to heart disease:

• High CRF reduces the risk of future T2D diagnosis
• Improvements in CRF appear to reduce the risk of T2D 

diagnosis
• High CRF levels reduce the overall risk of CVD mortality 

in individuals who have been diagnosed with T2D

Exercise and Physical Activity Programs to 
Improve Health

The epidemiological data to support the 2008 Federal Physi-
cal Activity Guidelines to improve health are abundant [1]. 
However, the number of intervention studies in which indi-
viduals are made to exercise or increase PA levels and are 
also supported with a large number of participants are few 
and contain limitations to “real-world” interpretation. How-
ever, in order to adequately translate the epidemiological 
outcomes to the real world, well-designed, adequately pow-
ered, randomized controlled lifestyle modification interven-
tion trials must be conducted.

Exercise and Physical Activity Programs to 
Improve Cardiorespiratory Fitness

Intervention studies typically quantify the adaptations by 
pre-/post-intervention changes in CRF assessed either by 
maximal oxygen uptake (VO2max measured by gas ex-
change), estimated multiple of resting energy expenditure 
(METs), or simply test duration from a graded exercise test. 
Unlike epidemiological research, PA levels and exercise 
doses (volumes) are controlled according to the F.I.T.T. prin-
ciple (frequency, intensity, time, type; i.e., 30 min of moder-
ate-intensity walking, 3 days/week) or a specific energy ex-
penditure per week (i.e. 1000 kcal/week or 11 kcal/kg body 
weight per week; KKW). In this way, the changes observed 
in the outcome data can be directly compared to the dose or 
intensity of exercise or PA without making inferences about 
activities as determined by questionnaire data. In appropri-
ately controlled trials, the control group’s results—the group 
that does not do the exercise/PA intervention—represents the 
general trend for everyone in the study. While many small 
studies on the effects of exercise/PA on health outcomes 
exist, it is the larger, clinical trials that merit attention here.

Unlike epidemiological studies examining the effects of 
CRF on hard outcomes like CVD morbidity and mortality, 
intervention studies typically examine CRF directly in re-
sponse to PA or exercise programs. Data to support the ef-
fects of aerobic exercise, treadmill walking, cycling, etc., on 
CRF are plentiful; however, few have the power, and sample 
diversity, to generalize the results to large sectors of the 

population. With that said, results from large, randomized 
controlled trials suggest that CRF increases with total exer-
cise dose (kcal/wk) and intensity (moderate to vigorous) [21, 
22]. For example, the Dose Response to Exercise in Women 
(DREW) study examined the effect of 50, 100, and 150 % of 
the recommended amount of exercise of aerobic exercise at 
a moderate intensity (~ 50 % peak oxygen uptake; VO2peak) 
on CRF in 464 postmenopausal women [21]. The DREW 
study supported the epidemiologically based recommenda-
tion that:

1. Some exercise is better than none (50 %; 4 KKW).
2. The recommended amount of moderate-intensity aero-

bic exercise produces significant health benefits (100 %; 
8 KKW).

3. Greater amounts of exercise may confer additional ben-
efits to health outcomes (150 %; 12 KKW) by showing a 
significant increase in CRF as measured by VO2peak with 
an average of 72 min and a dose response for increasing 
CRF up to an average of 192 min/week (Fig. 13.3).

Interestingly, the upper threshold for improving CRF in post-
menopausal women was not observed, and the optimal dose 
of aerobic exercise was not determined.

To date, no studies examining the effect of exercise in-
tensity in a prospective, longitudinal study with at least 
three separate and distinct exercise intensities have been 
conducted. However, the available literature suggests that 
high-intensity exercise confers additional health benefits, 
in particular, greater gains in CRF [22]. In the Studies of 
Targeted Risk Reduction Intervention Through Defined Ex-
ercise (STRRIDE) study, men and women with mild to mod-
erate dyslipidemia were randomized to one of the following:

1. High amount/high intensity (23 KKW at 65–80 % VO2peak)
2. Low amount/high intensity (14 KKW at 65–80 % VO2peak)
3. Low amount/low intensity (14 KKW at 40–55 % VO2peak)
4. A control group

The higher the amount of exercise and the higher-intensity 
exercise groups had the largest improvements in fitness sug-
gesting that total exercise dose and exercise intensity have 
independent effects on fitness. A recent study by Ross et al. 
[23] found corroborating results to the STRRIDE study using 
a similar design (with different intensities at high amounts 
of exercise) in adults with abdominal obesity. It should be 
noted, however, that standard equations used to estimate 
caloric expenditure during exercise from the American Col-
lege of Sports Medicine [24] assume equal biomechanical 
and muscular efficiency among all people, an assumption 
that may not be met especially across low- and high-intensity 
exercise.

The effect of resistance training, alone and in combination 
with aerobic training, on CRF is minor. However, most stud-
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ies show, especially in very detrained individuals, a small, re-
producible increase in CRF with resistance training. For ex-
ample, in the STRRIDE aerobic training/resistance training 
(AT/RT) study, an increase (~ 4.6 %) in VO2peak was observed 
in the resistance training group alone [25]. However, the in-
crease in CRF with resistance training is small compared to 
the increase from aerobic exercise alone (~ 11.7 %). Some-
what different results have been observed in individuals with 
T2D from the Health Benefits of Aerobic and Resistance 
Training in individuals with T2D (HART-D) study [26, 27]. 
The increase in CRF (VO2peak) was negligible with resistance 
training alone; however, the observed increase was 2-fold 
greater with the combination of aerobic and resistance train-
ing compared to aerobic training alone. Interestingly, exer-
cise time during the graded exercise test (or maximal METs) 
was similar between the aerobic and combined groups infer-
ring that, somehow, the resistance training promoted a differ-
ent muscular adaptation to exercise when added to aerobic 
training. Whether this difference promotes greater or lesser 
health benefits is not known. In addition, the optimal aerobic 
intensity, as well as the optimal combination of sets and reps 
in the resistance training protocol, is not known.

Exercise and Physical Activity Programs 
to Improve Insulin Resistance and Type-2 
Diabetes

Several well-designed and powered interventions aimed at 
improving the health of individuals at risk for T2D, or with 
overt disease, can be found in the literature.

While data on aerobic exercise intensity suggest that 
higher intensity is optimal to improve CRF, the effect of in-
tensity on insulin resistance is more pronounced. Ross et al. 
[23] observed that high-intensity aerobic exercise improved 

insulin resistance (2-h post-challenge blood glucose from 
an oral glucose tolerance test [OGTT]) while low-intensity 
exercise did not produce significant effects on insulin resis-
tance in overweight/obese adults.

In individuals at risk for insulin resistance, aerobic and 
combined aerobic and resistance training are ideal compared 
to resistance training alone. The STRRIDE-AT/RT study 
showed that aerobic and combined training improved fast-
ing blood glucose (FBG) levels compared to resistance train-
ing programs alone [28]. In individuals with T2D, combined 
aerobic and resistance exercise result in a greater decrease in 
glycated hemoglobin (A1C). Two major studies, the HART-
D and Diabetes Aerobic and Resistance Exercise (DARE) 
studies, examined the effect of resistance training, alone and 
in combination with aerobic training on A1C, and observed 
the largest decrease in A1C in participants who completed 
the combined exercise training protocols [26, 29]. Greater 
specificity on the effectiveness of aerobic and resistance 
training can be seen if the two studies are contrasted. For 
example, about a 3-fold greater change in A1C was observed 
in the DARE study in the combined training group (approxi-
mately − 1.0 % compared with control) compared with the 
HART-D combined training group (approximately − 0.35 % 
compared to control), likely due to the way the training mo-
dalities were combined and the study protocol for changes 
in diabetes medications. The combined training group in the 
DARE study used the full prescription for the aerobic and 
resistance training groups while the HART-D study used a 
reduced aerobic stimulus (10 KKW instead of 12 KKW in 
the aerobic training alone group) and resistance training on 
2 days with only one set of all exercises (instead of 3 days at 
two to three sets). In addition, the DARE study participants 
were not allowed to alter their diabetes medications during 
the study unless necessary, while the HART-D participants 
were allowed to do so. Combining these results provides ad-

Fig. 13.3  Change in fitness 
level at 6 months across differ-
ent levels of exercise training. 
VO2 oxygen uptake
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ditional support for the Guidelines in that combined exercise 
is better than either modality alone, and additional exercise 
above what is recommended may confer greater health ben-
efits in individuals with T2D. Interestingly, in the HART-D 
study, participants were about three times more likely to have 
either a significant reduction in A1C (> − 0.5 %) or reduce 
their diabetes medication use if they increased their CRF 
(maximal METs) and reduced their waist circumference 
compared to participants who decreased CRF and increased 
waist circumference [30].

Conclusions

The Federal Physical Activity Guidelines recommend that 
adults should participate in at least 150 min (2 h and 30 min) 
a week of moderate-intensity or 75 min (1 h and 15 min) a 
week of vigorous-intensity aerobic PA or an equivalent com-
bination of moderate- and vigorous-intensity aerobic activity. 
In addition to aerobic activity, adults should also participate 
in muscle-strengthening activities (resistance training) that in-
volve all major muscle groups on 2 or more days a week. It is 
very important to point out that while regular PA is important 
in preventing chronic diseases, it may be even more impor-
tant in preventing adverse health events in those with existing 
chronic conditions. For example, within groups of individuals 
with diabetes, hypertension, dyslipidemia and/or obesity, reg-
ular PA greatly reduces the risk of CVD. While there remain 
many areas that need more research, the available literature 
strongly supports the current guidelines, and these guidelines 
should serve as foundation for clinical exercise prescription.
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Introduction

What is behavior modification?  We have all heard the term. 
What about cognitive therapy, behavior therapy, behavioral 
treatment, cognitive behavior therapy, and lifestyle modifi-
cation? Are these terms all referring to the same principles, 
strategies, techniques, and procedures or is there something 
unique about each one?

As health-care professionals (HCPs), the terms can be 
thought of as reasonably synonymous. No matter what term 
is used, the approach to patients will be similar. At an aca-
demic and technical level, the terms differ slightly. Behavior 
modification generally refers to principles and strategies ini-
tially developed through research on rodents, pigeons, and 
other animals and applied to humans based on a number of 
related learning theories. Remembering back to introductory 
psychology courses in college, the work of B.F. Skinner, 
Ivan Pavlov, and others played a prominent role [1, 2]. Re-
member Walden Two [3]? When the principles and strategies 
are applied to humans during an intervention to modify life-
style, they become known as behavior therapy or, with the 
addition of some of the newer cognitive strategies, cognitive 

behavioral therapy. Lifestyle modification generally refers to 
these approaches aimed at improving health through diet and 
physical activity.

Historically, behavior modification was based on both 
classical and operant conditioning. Becoming obese, for 
example, was viewed as the result of unhealthy behaviors 
that simply needed modifying using the principles of these 
learning theory conditioning models [4]. It was thought to 
be easy. Apply the principles developed through animal 
models, and then overeating and underexercising would be 
modified. There are many interesting papers published in the 
1960s and 1970s attempting to modify these unhealthful pat-
terns of behavior through learning theory models of chang-
ing schedules of reinforcement, modifying environmental 
triggers, or applying aversive stimuli [5–7]. Unfortunately, 
the published studies were usually case reports of a small 
number of individuals or trials of short duration with little or 
no follow-up [8]. Although the early studies provide a won-
derful window into the development of our current behavior 
modification and cognitive therapies, we have learned that 
the development of unhealthy lifestyles is not just the result 
of bad habits but that our genetics, biochemistry, metabo-
lism, hormones, culture, and emotion all play important roles 
in making changes difficult, both short- and long-term.

Behavior modification today involves the use of a number 
of empirically tested strategies aimed at helping individuals 
develop the skills needed to achieve and maintain a healthy 
lifestyle through improved diet and physical activity [9, 
10]. The strategies are differentiated from other analytic ap-
proaches by focusing primarily on current behaviors. Behav-
ior modification is not psychotherapy. It does not dwell on 
the patients’ past relationships with their mothers or analyze 
their dreams. It is a here and now approach. It focuses on 
goal-setting and emphasizes small behavioral changes which 
are thought to be more easily maintained. Both tested cogni-
tive and behavioral strategies are typically used by practitio-
ners. Our preferred term is cognitive behavior therapy [11].
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Current Cognitive Behavior Therapy

Current cognitive behavior therapy involves a number of strat-
egies, which are tailored to each patient’s specific needs. These 
strategies include goal-setting, self-monitoring, stimulus con-
trol, cognitive restructuring, stress management, social support, 
behavioral contracting, and relapse prevention. Please refer to 
Table 14.1 for additional information regarding these strategies.

Goal-Setting

Cognitive behavior therapy typically begins by asking pa-
tients how the interventionist can help. Goal-setting then 
involves helping patients make specific, realistic plans for 
behavior change. The average patient with obesity often-
times has unrealistic goals. One study reported that patients 
with obesity expect to lose more than 30 % of their body 
weight [12]. Even explaining that such losses are unrealis-
tic, patients frequently are not persuaded, which may lead to 
their early dropout. We acknowledge the patient’s desire and 
explain that a 10 % initial goal would be a good start; then 
the patient is reevaluated after that initial goal is reached. 
Behaviorally, the primary goal in behavioral interventions 
is a weight loss of 1–2 pounds (0.5–1.0 kg) per week. The 
prescribed diet may vary depending on the patient’s initial 
weight, but typically will be about 1200 kcal/d for women 
and 1500 kcal/d for men. The prescribed physical activity 
goal also varies but is typically about 30 min of walking, 5 
days a week [13]. With reasonable adherence, patients will 
lose about 8 % of body weight over the first 24 weeks [14].

Goals need to be specific, time limited, and quantifiable. 
“I’ll do better next week” is not a specific, quantifiable goal. 
But, “I will walk for 30 min before dinner on Tuesday, Thurs-
day, and Saturday” is. Weekly goals are better than monthly 
goals. Somewhat challenging goals are better than easy ones. 
Achieving goals helps improve self-esteem, well-being, and 
a sense of accomplishment [15].

Self-Monitoring

If a practitioner encourages patients to adopt only one behav-
ioral strategy, it should be self-monitoring. Self-monitoring 
is the most important of all cognitive behavioral approaches 
because it raises a patient’s awareness of what needs to be 
changed. Self-monitoring involves the systematic obser-
vation, recording, and feedback of the behaviors needing 
modification. No matter what the behavior to be changed is, 
self-monitoring of that behavior is critical. For patients with 
obesity, the primary behaviors are obvious: food, physical ac-
tivity, and weight. Those are the minimum. Sometimes, pa-
tients might be asked to record their hours of sleep, the times 
of the day they eat and exercise, their moods, including levels 
of stress before eating, or other behaviors influencing their 
intake and exercise. Self-monitoring, usually in a food and 
physical activity diary, can serve as a tool for the intervention-
ist to discuss patients’ successes and challenges since their last 
session [16]. Patients typically hate keeping food and physi-
cal activity diaries. They lie or forget to report what they ate, 
therefore underreport their intake, and likewise overreport 
their physical activity [17–19]. The lack of accuracy does not 
matter. Remember the primary goal of self-monitoring is to 
increase awareness of behaviors needing change, not trying to 
catch a patient in an inconsistency. Self-monitoring diaries do 
not work well as dependent variables (accuracy in reporting); 
they work well as independent variables (treatment strategies 
to raise awareness) [20]. One recent study reported that indi-
viduals with obesity who wrote the most words in their food 
diaries at the beginning of their intervention later were found 
to have lost the most weight 1 year later compared to those 
who initially wrote fewer words [21].

Self-monitoring can be tailored to individual patients. 
If weight gain results from the business person’s travel, 
the food diary might only be needed during those times. If 
weekends or night eating are the primary problem, the diary 
might be used only then. This is called selective tracking. It 
is best that the feedback on the diary, whether it be calories, 

Table 14.1  Cognitive behavior therapy strategies

Strategy Details
Goal-setting Helps patients make specific, realistic plans for behavior change
Self-monitoring Raises a patient’s awareness of what needs to be changed by systematic observation, recording, and feedback of the 

behaviors needing modification
Stimulus control Helps patients recognize triggers or cues in the environment that lead to undesired behaviors and then modify these 

environmental stimuli
Cognitive restructuring Assists patients in identifying and changing unhealthy beliefs about themselves
Stress management Teaches patients to use cognitive behavioral strategies to lessen and relieve negative affective states
Social support Provides patients motivation for lifestyle change, role models, enhancement of self-acceptance, and confidence 

feelings
Behavioral contracting Supports short-term motivation of a new behavior by first verbalizing the agreed healthful behavior and then signing a 

contract
Relapse prevention Teaches patients that lapses are normal and manageable by developing behavior strategies to cope with and 

prevent them
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fat grams, or some point system, be completed by the patient, 
not the interventionist, again to help raise awareness.

There are currently many physical activity monitors that 
provide feedback in a variety of ways. However, tracking 
physical activity in a mechanized way is not required. Using 
5 cal burned a minute of brisk walking is a reasonable, easy 
to figure standard, that is, count 30 min of walking as burning 
150 cal [22]. Patients with obesity will burn more calories but 
the 5 cal burned per minute is an estimate for patients to use. 
Weighing should be on a regular schedule. Daily self-weigh-
ing has been shown to be especially useful for many but can 
be tailored to the individual. Again, if the practitioner incorpo-
rates only one behavioral strategy into the lifestyle interven-
tion, research studies suggest it be self-monitoring [23, 24].

Stimulus Control

Patients often get themselves into trouble with their diet or ex-
ercise because of environmental triggers, cues, or stimuli. The 
identification of those triggers can be helpful in the behavioral 
change process. The subsequent modification of those trig-
gers or cues is called stimulus control, that is, controlling the 
triggers that lead to one’s downfall [25]. The behavior change 
strategy typically involves helping patients change their en-
vironment to make it easier for them to do what they want 
to do, that is, eat better and be more active. The hard part 
for the interventionist is to help the patient identify the major 
triggers. Food and physical diaries help. So does asking the 
patients about specific problems or challenges they faced 
since the last session. The stimulus control strategies are then 
usually pretty obvious and should come from the patient, not 
the interventionist. If the patient regularly stops at a fast-food 
restaurant driving to or from work, changing the route may 
help. If patients have trouble controlling what they eat for din-
ner because they are focused on watching television or check-
ing their emails rather than on their food, the stimulus control 
strategy is apparent. The strategies are pretty straightforward, 
but again try to coax them out of the patient.

Cognitive Restructuring

Here’s where the cognitive aspects of intervention come in. 
Early behavior modification relied almost entirely on self-
monitoring and stimulus control. We subsequently learned 
that patients’ beliefs, attitudes, and feelings about themselves 
also can play a major role in either success or failure in life-
style modification programs. Cognitive restructuring strate-
gies were added to classic behavior modification interven-
tions and are aimed at helping patients identify and change 
unhealthy beliefs about themselves [11, 26, 27]. Typically, 
patients are asked to self-monitor any thoughts that may 
be interfering with their abilities to make healthy lifestyle 

changes. Self-affirmations can be used to help change un-
healthy beliefs, thoughts, and feelings. We all have read 
about athletes psyching themselves up before a competi-
tion. It is the same thing here. Patients can be asked to repeat 
to themselves positive affirmations several times a day. It 
is best if the patients come up with their own affirmations 
(“one day at a time,” “just do it,” etc.) rather than the inter-
ventionist doing it for them. Although we use affirmations 
with some patients, cognitive restructuring strategies have 
less research support than other behavioral approaches, such 
as self-monitoring and stimulus control, suggesting the need 
for additional research in these cognitive strategies.

There are good self-help books or programs on the inter-
net with helpful affirmations if the patient has trouble com-
ing up with some personally relevant ones. The Lifestyle, 
Exercise, Attitudes, Relationships, and Nutrition (LEARN) 
Manual is an example of a self-help book for weight man-
agement that is based in behavior therapy [28]. This book 
outlines a widely used 17 lesson program, grounded in sci-
ence, for weight loss and healthier eating through nutrition 
education, physical activity, and behavior modification.

Stress Management

Stress, tension, anxiety, depression, loneliness, anger, bore-
dom, and other emotions can wreak havoc on one’s best 
intentions and ruin a lifestyle intervention [29]. Stress can 
be an especially damaging emotion. It is oftentimes used as 
a coping mechanism for overeating. There are a number of 
cognitive behavioral strategies that can be used to help man-
age stress and other negative affective states when they in-
terfere with progress in an intervention. Physical activity is 
a major intervention for those under high stress. It increases 
feelings of well-being and helps put matters in perspective. 
Meditation can help. Helping patients learn to meditate each 
day has been shown to keep negative feelings in check. Pro-
gressive muscle relaxation can help patients learn to achieve 
a relaxation response quickly when under stress. These cog-
nitive behavioral strategies can also reduce other negative 
mood states. However, when feelings of depression or other 
negative feelings become too strong, referral to appropriate 
professionals should be done.

Social Support

Support from others can play an important role in the ulti-
mate achievement of personal lifestyle goals. There is evi-
dence that support from groups like Weight Watchers and 
Take off Pounds Sensibly (TOPS) can provide motivation 
for lifestyle change for some people [30, 31]. Attending sup-
port groups may help patients realize that if others can make 
positive change, so can they. Support systems can provide 
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good role models, assist in overcoming challenges, and con-
tribute to one’s feelings of self-acceptance. Families, neigh-
bors, good friends, colleagues at the job, and intervention-
ists can all serve as potential sources of support for lifestyle 
change. Sometimes, however, these potential support per-
sons, such as one’s spouse or other family member, relative, 
or close friend, may, for reasons of their own, try to sabotage 
or undermine the change process. Choosing the right support 
person or group may make the difference between long-term 
lifestyle success and ultimate failure.

Behavioral Contracting

Behavioral contracting involves patients verbalizing one or 
more healthful behaviors they agree to do between sessions 
and putting pen to paper. The healthful behaviors chosen 
should be short-term, realistic, simple, a little challenging, 
but achievable. Increasing the days or the amount of time 
per day walking, or adding a vegetable to dinner, or skip-
ping dessert each night for a week seem realistic, simple, but 
also achievable. Having the patient write down the agreed-
upon behavior and then sign the “contract” along with the 
interventionist’s signature tends to formalize the agreement. 
Contracting is most helpful in maintaining motivation short-
term and a new behavior with a new contract at each session 
is recommended [32].

Relapse Prevention

We all stray from our good intentions from time to time. Re-
lapse prevention involves helping patients understand that 
to err is human. Lapses are normal, expected, and can be 
managed. Interventionists can help patients anticipate the 
situations when lapses may occur, including holidays, vaca-
tions, even visiting Las Vegas and its buffets, and help them 
develop behavioral strategies to cope with the situation. The 
goal is not specifically to prevent all lapses, but to prevent 
them from becoming relapses [33].

Incorporating Cognitive Behavioral Therapy in 
the Office

The structure of cognitive behavioral counseling has evolved 
since the 1960s and 1970s. According to the recent obe-
sity guidelines, the recommended intervention involves 
60–90 min weekly sessions, either individual or group, for 
the first 6 months followed by biweekly, then monthly ses-
sions [34]. A good size for a group is around eight partici-
pants. The interventionist, typically a registered dietitian, 
psychologist, nurse, or other HCP, should have received 
training in cognitive behavioral counseling strategies [35].

There are advantages and disadvantages to seeing patients 
in groups or individually. The primary advantage of group 
sessions is that larger numbers can receive intervention at the 
same time and members of the group can serve as role mod-
els and a source of support to each other. The primary disad-
vantage is that there is less time to tailor interventions to each 
person as the size of the group increases. Individual sessions 
obviously provide more time for tailoring, but patients lack 
support from others and fewer patients can be seen by the in-
terventionist. Overall, we prefer group sessions. In a perfect 
world, lifestyle interventions are best delivered by a multi-
disciplinary team of HCPs, including physicians, registered 
dietitians, exercise physiologists, and behavioral specialists. 
In today’s busy world, newer delivery systems, including the 
Internet, apps, and other technological approaches, are in-
creasingly being tested and used to present the intervention.

Results of Cognitive Behavioral Interventions

Cognitive behavioral interventions are generally tested as a 
“package” of strategies, not as individual components. For 
example, there are only a few research studies that examined 
the efficacy of only stimulus control, cognitive restructur-
ing, stress management, or relapse prevention as the sole in-
tervention for lifestyle modification. The strategies are not 
used individually to improve diet or physical activity; they 
are used in combination to maximize behavioral changes. 
Published reviews of the research have documented the ben-
eficial effects of their use in lifestyle modification. Random-
ized controlled trials, the gold standard in research, have 
shown that the combination, usually delivered in weekly 
group sessions for 24 weeks, result in an average weight loss 
of about 8.0 % (8 kg) [14]. A weight loss of 8 % will typi-
cally result in beneficial changes in blood pressure, blood 
glucose, blood lipids, insulin sensitivity, endothelial func-
tion, quality of life, well-being, and other risk factors [36]. 
Unfortunately, long-term maintenance of these initial results 
has been less successful. A recent review summarizing the 
results of about 30 randomized controlled behavioral stud-
ies usually of 6 months duration, with follow-ups of 2 years 
or more, showed that few patients with obesity managed to 
maintain all of their initial losses [35]. Most regain some of 
their losses over time. The data are much more encouraging 
when patients are seen for longer periods of time, usually 
biweekly or monthly following initial weekly interventions. 
The results suggest that with extended intervention, some 
patients maintain modest but clinically significant losses of 
5 % or more for at least 2 years [35].

Perspective is important. Untreated, the average adult 
with obesity gains about 0.6 kg/year [37]. Although not ev-
eryone succeeds in maintaining all their weight losses, many 
do well and the behavioral skills they learn may serve them 
well in future attempts at lifestyle modification [38].
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Examples of Long-term Cognitive Behavioral 
Interventions

Diabetes Prevention Program

The Diabetes Prevention Program (DPP) is an example of an 
intervention for preventing or delaying the onset of type-2 
diabetes (T2D) in at-risk individuals who are overweight/
obese [39]. A total of 3234 at-risk individuals were random-
ized to a lifestyle modification intervention, metformin, or 
placebo with a study goal of 7 % weight loss and 150 min/
week of physical activity. The lifestyle modification inter-
vention included an initial 16 session curriculum of diet, 
physical activity, and behavior modification strategies in-
cluding the ones summarized earlier in this chapter. Case 
managers initially saw participants individually during the 
first 24 weeks. Later, the individual sessions were held less 
frequently, usually on a monthly basis. Group sessions were 
also held occasionally to reinforce behavior change.

At the 1-year assessment, the mean weight loss for the 
lifestyle modification group was 6.7 kg, compared with 2.7 
and 0.4 kg in the metformin and placebo groups, respective-
ly. At the 4-year assessment, the lifestyle modification group 
maintained a mean loss of 3.5 kg, compared with 1.3 and 
0.2 kg in the metformin and placebo groups, respectively. 
Remarkably, the lifestyle intervention group showed a 58 % 
reduction in the incidence of T2D compared to the placebo 
group, whereas the incidence in the metformin interven-
tion group was reduced by 31 %. The lifestyle modification 
intervention was significantly more effective in reducing 
the incidence of T2D than both the placebo and metformin 
groups. The DPP demonstrates the efficacy of a lifestyle 
modification intervention for significantly improving long-
term health [38].

Look AHEAD

The Look AHEAD (Action for Health in Diabetes) trial is a 
multicenter, randomized controlled trial designed to evaluate 
whether modest changes in weight through lifestyle modifi-
cation would reduce cardiovascular morbidity and mortality 
in individuals who are overweight/obese and have T2D [40]. 
A total of 5145 individuals who were overweight/obese and 
had T2D were randomized to either a lifestyle modification 
intervention or a usual care group, with a study goal of 7 % 
weight loss and 175 min of physical activity per week. Dur-
ing the first 6 months, the lifestyle modification condition 
consisted of 24 initial sessions of diet, physical activity, and 
behavior modification strategies similar to the ones used in 
DPP. Look AHEAD combined both individual and group 
sessions. Sessions became less frequent over time. Those 
who had difficulty meeting treatment goals were offered ad-

ditional interventions from a study “toolbox”. The usual care 
group received three sessions a year on diabetes support and 
education but did not receive the cognitive behavioral inter-
vention strategies.

At the 1-year assessment, the mean weight loss for the 
lifestyle intervention group was 8.6 %, exceeding the study’s 
goal, compared with 0.7 % in the usual care group. The 
lifestyle intervention group showed beneficial changes in 
cardiovascular risk factors and reduced medication needs 
compared to the usual care group [41]. At the 9.6-year as-
sessment, the mean weight loss for the lifestyle intervention 
was 6 % compared to 3.5 % in the usual care group [42]. At 
every annual assessment, the weight losses for the lifestyle 
intervention group were significantly greater than the usual 
care group. Although the study did not meet its primary goal 
of significantly reduced cardiovascular morbidity and mor-
tality, it has demonstrated the efficacy of cognitive behavior 
modification for long-term weight loss and maintenance. 
The study is currently ongoing as an observational trial and 
is assessing additional benefits of the initial intervention.

Conclusion

Cognitive behavioral intervention is key to the development 
and maintenance of long-term health and well-being. Strate-
gies utilized in this type of intervention include setting rea-
sonable goals and expectations, raising awareness of the be-
haviors needing to be changed, confronting, and effectively 
dealing with environmental challenges, managing stress and 
negative affect, increasing social support, and preventing 
relapse. The challenge for HCPs is to incorporate the cog-
nitive behavioral strategies utilized successfully in the DPP 
and the Look AHEAD intervention and adapt them to their 
own practices [43]. New delivery systems such as interven-
tion over the Internet, apps, smart phones, and other mobile 
devices may help extend contact with patients and improve 
outcomes.
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Abbreviations

AA African-American
AAFP American Academy of Family Physicians
ACA Affordable Care Act
CI Confidence interval
COPD Chronic obstructive pulmonary disease
EHR Electronic Health Record
ENDS Electronic nicotine delivery systems
FAQ Frequently Asked Questions
FDA Food and Drug Administration
GED General Educational Development
H Hispanic
LGBTQ Lesbian, gay, bisexual, transgender, and ques-

tioning
MAO Monoamine oxidase
NRT Nicotine replacement therapy
OB/GYN Obstetrician/gynecological
OTC Over-the-counter
PHS Public Health Service
RCT Randomized clinical trial
Rx Prescription product
SES Socioeconomic status
SIDS Sudden infant death syndrome
SR Sustained release
USPSTF US Preventive Services Task Force

Introduction

Tobacco use has been well identified as the single most pre-
ventable cause of disease, disability, and death in the USA, 
accounting for one in every five deaths in the USA each year. 
Unfortunately, more than 30 years after C. Everett Koop’s 
public condemnation of smoking, his statement continues to 
hold true today. First-, second-, and even third-hand smok-
ing harm nearly every organ in the body, reduce quality of 
life and life expectancy, are causally linked to cancer at 18 
different human organ sites and at least 13 chronic diseases 
across the cardiovascular, pulmonary, reproductive, and de-
velopmental systems as well as various orthopedic, ophthal-
mologic, and dental illnesses [1, 2]. Each year, more people 
in the USA die from smoking than from alcohol, cocaine, 
heroin, suicide, homicide, acquired immunodeficiency syn-
drome, motor-vehicle accidents, and fires combined [2]. Pa-
tients who smoke will die an average of 14 years earlier than 
their nonsmoking counterparts.

While awareness of the negative consequences of smok-
ing has grown exponentially, and many former smokers have 
been able to quit, tobacco use rates have not significantly 
decreased in nearly a decade, with cigarette smoking hover-
ing just under 18 % in the US population. Major disparities 
in tobacco use persist in particular populations, including 
psychiatric populations (44 % smoke across all psychiatric 
diagnoses, up to 90 % among populations in substance abuse 
treatment); certain racial/ethnic minorities (e.g., 26 % of 
those who self-identify as American Indian/Alaskan Native 
and 27 % of those who self-identify as multiple race); les-
bian, gay, bisexual, transgender, and questioning (LGBTQ) 
populations (27 %); those who are economically disadvan-
taged (29 %); and populations with limited education (41 % 
of those with a General Educational Development, GED) [3].

“Cigarette smoking is the chief, single, avoidable cause of death in our society and the most important public 
health issue of our time.”
C. Everett Koop, M. D. in 1982, former US Surgeon General
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Most smokers want to or know they should quit, but less 
than 5 % of those attempting to quit use the most effective 
tools to do so (i.e., pharmacotherapy and/or counseling), 
and only around 3 % of individuals who quit “cold-turkey” 
achieve long-term abstinence (i.e., 6 months or longer). 
Health-care providers are in a uniquely powerful position to 
educate their smoking patients about the best cessation ap-
proaches that are likely to increase quitting success. Advis-
ing a patient to quit smoking or simply asking about smoking 
status enhances a smoker’s motivation to quit and increases 
quit rates [4], and brief (i.e., 3-min.) interventions signifi-
cantly increase abstinence rates [5].

The health impact of continued tobacco use has a trajec-
tory similar to that of other chronic diseases, and for this 
reason it should be treated as such by health-care provid-
ers. Specifically, tobacco use is a persistent behavior that 
typically involves multiple periods of relapse and remission, 
requiring regular screening and repeated intervention. There-
fore, recommending long-term, intensive, and/or combina-
tion treatment beyond the typical 8-week course of nicotine 
replacement therapy (NRT) should be considered, especially 
for patients who are at highest risk for smoking relapse fol-
lowing a quit attempt. This includes providing assistance 
with evidence-based pharmacotherapy, incorporating behav-
ioral counseling, and regularly following up with patients by 
asking about tobacco use and abstinence at every visit.

Here, we review tobacco use management in a clinical 
practice setting, with specific discussion on brief evidence-
based pharmacological and counseling treatments for to-
bacco users who are willing to quit, unwilling to quit, and 
recently quit. The recommendations provided below come in 
large part from the Public Health Service (PHS) Guidelines 
for Treating Tobacco Use and Dependence (2008 update) [5]. 
These guidelines are based on more than 8700 peer-reviewed 
articles published between 1975 and 2007.

We further outline the adaptations of tobacco treatment 
approaches for special populations, including populations 
with comorbid medical and psychiatric illnesses, those that 
are socioeconomically disadvantaged, and light or intermit-
tent smokers. Finally, we will address current issues that 
are affecting clinical treatment of tobacco use: e-cigarettes, 
alternative tobacco products, and the Affordable Care Act 
(ACA) parameters for tobacco treatment.

Pharmacological Treatment of Tobacco 
Dependence

Smoking cessation pharmacotherapies come in two forms: 
NRTs and non-nicotine medications. See Table 15.1 for the 
seven first-line pharmacotherapies currently available in the 
USA for treating nicotine dependence, additional combina-
tion pharmacotherapy options, and corresponding efficacy 
data.

Nicotine Replacement Therapies NRTs reduce physical with-
drawal from nicotine by delivering either acute (gum, loz-
enge, inhaler, nasal spray) or continuous (patch) nicotine to 
the body. This route of nicotine delivery reduces some of the 
physical withdrawal symptoms associated with nicotine absti-
nence and blocks some of the immediate, reinforcing effects of 
tobacco smoke. By minimizing nicotine withdrawal, patients 
can then focus on learning the behavioral skills needed to 
quit, in the context of provider and other social support, and 
avoid relapse back to smoking. All five NRTs significantly 
increase a patient’s likelihood of successful quitting, with a 
patient’s likelihood of quitting ranging somewhere between 
1.5 (nicotine gum for 6–14 weeks) and 2.3 times (high-dose 
nicotine patch and nasal spray) compared to placebo [5].

Non-nicotine Medications Two non-nicotine medications 
are Food and Drug Administration (FDA)-approved as first-
line pharmacotherapies for treating nicotine dependence. 
Bupropion sustained release (SR; brand name: Zyban) 
works by enhancing central nervous system noradrenergic 
and dopaminergic release. Bupropion SR can also be pre-
scribed as an antidepressant (brand name: Wellbutrin SR) 
and therefore should be considered for smokers who struggle 
with depression or depressed moods when trying to quit. The 
recommended duration of treatment with bupropion is 7–12 
weeks but can be used for up to 6 months, with the longer 
duration likely contributing to maintenance of abstinence 
among patients who have successfully quit.

Varenicline tartrate (brand name: Chantix or Champix) is 
a partial agonist at the alpha-4 beta-2 subunit of the nico-
tinic acetylcholine receptor, the receptor that contributes to 
the reinforcing effects of nicotine. As a partial agonist, va-
renicline binds to and produces partial stimulation of alpha-
4 beta-2 nicotine receptor, thereby reducing nicotine with-
drawal symptoms, including depressed mood and cognitive 
impairment. Additionally, because it binds with high affinity, 
it works as a partial antagonist by blocking the nicotine from 
tobacco smoke, therefore reducing the subjective pleasurable 
effects of cigarette smoking. In prior randomized-controlled 
trials of varenicline, biochemically confirmed quit rates are 
more than three times those in the placebo group when used in 
conjunction with brief counseling, making it the most effec-
tive FDA-approved smoking cessation medication currently 
available. Varenicline is typically prescribed for a 12-week 
course but has been FDA-approved for use up to 24 weeks.

Both bupropion and varenicline currently carry black box 
warnings due to post-marketing reports of increased suicid-
ality and other psychiatric symptoms. However, recent safety 
trials of varenicline, conducted after the black box warnings, 
have indicated that varenicline is both safe, even among in-
dividuals with a history of depression [6] or other serious 
mental illness [7]. Similarly, despite initial evidence from a 
meta-analysis that varenicline may increase the likelihood 
of cardiac events (including chest pain, heart attack, stroke, 



N
ic

ot
in

e 
re

pl
ac

em
en

t t
he

ra
py

 (N
RT

) f
or

m
ul

at
io

ns
Tr

an
sd

er
m

al
 p

at
ch

G
um

Lo
ze

ng
e

N
as

al
 sp

ra
y

O
ra

l i
nh

al
er

B
up

ro
pi

on
 S

R
Va

re
ni

cl
in

e
Pr

od
uc

t
N

ic
oD

er
m

 C
Q

a , 
ge

ne
ri

c
O

TC
 (N

ic
oD

er
m

 C
Q

, 
ge

ne
ric

)
R

x 
(g

en
er

ic
)

7,
 1

4,
 a

nd
 2

1 
m

g
(2

4-
h 

re
le

as
e)

N
ic

or
et

te
a , 

ge
ne

ri
c

O
TC

2 
m

g,
 4

 m
g

or
ig

in
al

, c
in

na
m

on
, f

ru
it,

 
m

in
t, 

an
d 

or
an

ge

N
ic

or
et

te
 L

oz
en

ge
a ,

N
ic

or
et

te
 M

in
i L

oz
en

ge
a , 

ge
ne

ri
c

O
TC

2 
m

g,
 4

 m
g

ch
er

ry
 a

nd
 m

in
t

N
ic

ot
ro

l N
Sb

R
x

m
et

er
ed

 sp
ra

y
0.

5 
m

g 
ni

co
tin

e 
in

 
50

 m
cL

 a
qu

eo
us

 n
ic

ot
in

e 
so

lu
tio

n

N
ic

ot
ro

l I
nh

al
er

b

R
x

10
 m

g 
ca

rtr
id

ge
 

de
liv

er
s 4

 m
g 

in
ha

le
d 

ni
co

tin
e 

va
po

r

Zy
ba

na , 
ge

ne
ri

c
R

x
15

0 
m

g 
su

st
ai

ne
d-

re
le

as
e 

ta
bl

et

C
ha

nt
ix

b

R
x

0.
5 

m
g,

 1
 m

g 
ta

bl
et

Pr
ec

au
tio

ns
R

ec
en

t (
≤ 

2 
w

ee
ks

) m
yo

ca
r-

di
al

 in
fa

rc
tio

n
Se

rio
us

 u
nd

er
ly

in
g 

ar
rh

yt
hm

ia
s

Se
rio

us
 o

r w
or

se
ni

ng
 

an
gi

na
 p

ec
to

ris
Pr

eg
na

nc
yc  (

R
x 

fo
rm

ul
a-

tio
ns

, c
at

eg
or

y 
D

) a
nd

 
br

ea
st

fe
ed

in
g

A
do

le
sc

en
ts

 (<
 18

 y
ea

rs
)

R
ec

en
t (

≤ 
2 

w
ee

ks
) m

yo
-

ca
rd

ia
l i

nf
ar

ct
io

n
Se

rio
us

 u
nd

er
ly

in
g 

ar
rh

yt
hm

ia
s

Se
rio

us
 o

r w
or

se
ni

ng
 

an
gi

na
 p

ec
to

ris
Te

m
po

ro
m

an
di

bu
la

r j
oi

nt
 

di
se

as
e

Pr
eg

na
nc

yc  a
nd

 
br

ea
st

fe
ed

in
g

A
do

le
sc

en
ts

 (<
 18

 y
ea

rs
)

R
ec

en
t (

≤ 
2 

w
ee

ks
) m

yo
-

ca
rd

ia
l i

nf
ar

ct
io

n
Se

rio
us

 u
nd

er
ly

in
g 

ar
rh

yt
hm

ia
s

Se
rio

us
 o

r w
or

se
ni

ng
 

an
gi

na
 p

ec
to

ris
Pr

eg
na

nc
yc  a

nd
 

br
ea

st
fe

ed
in

g
A

do
le

sc
en

ts
(<

 18
 y

ea
rs

)

R
ec

en
t (

≤ 
2 

w
ee

ks
) m

yo
-

ca
rd

ia
l i

nf
ar

ct
io

n
Se

rio
us

 u
nd

er
ly

in
g 

ar
rh

yt
hm

ia
s

Se
rio

us
 o

r w
or

se
ni

ng
 

an
gi

na
 p

ec
to

ris
U

nd
er

ly
in

g 
ch

ro
ni

c 
na

sa
l 

di
so

rd
er

s (
rh

in
iti

s, 
na

sa
l 

po
ly

ps
, s

in
us

iti
s)

Se
ve

re
 re

ac
tiv

e 
ai

rw
ay

 
di

se
as

e
Pr

eg
na

nc
yc  (

ca
te

go
ry

 D
)

an
d 

br
ea

st
fe

ed
in

g
A

do
le

sc
en

ts
 (<

 18
 y

ea
rs

)

R
ec

en
t (

≤ 
2 

w
ee

ks
) m

yo
ca

rd
ia

l 
in

fr
ac

tio
n

Se
rio

us
 u

nd
er

ly
in

g 
ar

rh
yt

hm
ia

s
Se

rio
us

 o
r w

or
se

n-
in

g 
an

gi
na

 p
ec

to
ris

B
ro

nc
ho

sp
as

tic
 

di
se

as
e

Pr
eg

na
nc

yc  (
ca

t-
eg

or
y 

D
)

an
d 

br
ea

st
fe

ed
in

g
A

do
le

sc
en

ts
 (<

 18
 

ye
ar

s)

C
on

co
m

ita
nt

 th
er

ap
y 

w
ith

 m
ed

ic
at

io
ns

 o
r 

m
ed

ic
al

 c
on

di
tio

ns
 

kn
ow

n 
to

 lo
w

er
 th

e 
se

iz
ur

e 
th

re
sh

ol
d

Se
ve

re
 h

ep
at

ic
 c

irr
ho

si
s

Pr
eg

na
nc

yc  (
ca

te
go

ry
 

C
) a

nd
 b

re
as

tfe
ed

in
g

A
do

le
sc

en
ts

 (<
 18

 
ye

ar
s)

W
ar

ni
ng

 B
la

ck
-b

ox
ed

 w
ar

ni
ng

 
fo

r n
eu

ro
ps

yc
hi

at
ric

 
sy

m
pt

om
sd

C
on

tr
ai

nd
ic

at
io

ns
Se

iz
ur

e 
di

so
rd

er
C

on
co

m
ita

nt
 b

up
ro

-
pi

on
 (e

.g
., 

W
el

lb
ut

rin
) 

th
er

ap
y

C
ur

re
nt

 o
r p

rio
r 

di
ag

no
si

s o
f b

ul
im

ia
 o

r 
an

or
ex

ia
 n

er
vo

sa
Si

m
ul

ta
ne

ou
s a

br
up

t 
di

sc
on

tin
ua

tio
n 

of
 

al
co

ho
l o

r s
ed

at
iv

es
/

be
nz

od
ia

ze
pi

ne
s

M
A

O
 in

hi
bi

to
r t

he
ra

py
 

in
 p

re
vi

ou
s 1

4 
da

ys

Se
ve

re
 re

na
l i

m
pa

irm
en

t 
(d

os
ag

e 
ad

ju
st

m
en

t i
s 

ne
ce

ss
ar

y)
Pr

eg
na

nc
yc  (

ca
te

go
ry

 C
) 

an
d 

br
ea

st
fe

ed
in

g
A

do
le

sc
en

ts
 (<

 18
 y

ea
rs

)

W
ar

ni
ng

s
B

la
ck

-b
ox

ed
 w

ar
ni

ng
 

fo
r n

eu
ro

ps
yc

hi
at

ric
 

sy
m

pt
om

sd

Pl
ea

se
 se

e 
ex

te
nd

ed
 d

is
-

cu
ss

io
n 

in
 c

ha
pt

er
 re

ga
rd

-
in

g 
ne

ur
op

sy
ch

ia
tr

ic
 

co
nc

er
ns

 a
nd

 m
an

ag
em

en
t

C
ar

di
ov

as
cu

la
r a

dv
er

se
 

ev
en

ts
 in

 p
at

ie
nt

s w
ith

 
ex

is
tin

g 
ca

rd
io

va
sc

ul
ar

 
di

se
as

e
Se

iz
ur

e-
re

la
te

d 
ad

ve
rs

e 
ev

en
ts

 in
 p

at
ie

nt
s w

ith
 

se
iz

ur
e 

H
x 

or
 ri

sk
M

ay
 lo

w
er

 a
lc

oh
ol

 
to

le
ra

nc
e

Ta
bl

e 
15

.1
  F

oo
d 

an
d 

D
ru

g 
A

dm
in

is
tra

tio
n 

(F
D

A
)-

ap
pr

ov
ed

 m
ed

ic
at

io
ns

 fo
r s

m
ok

in
g 

ce
ss

at
io

n.
 (A

da
pt

ed
 a

nd
 re

pr
in

te
d 

w
ith

 p
er

m
is

si
on

 fr
om

: R
x 

fo
r C

ha
ng

e:
 C

lin
ic

ia
n-

A
ss

is
te

d 
To

ba
cc

o 
C

es
sa

tio
n.

 T
he

 
R

eg
en

ts
 o

f t
he

 U
ni

ve
rs

ity
 o

f C
al

ifo
rn

ia
)



 
Ta

bl
e 

15
.1

 (
co

nt
in

ue
d)

N
ic

ot
in

e 
re

pl
ac

em
en

t t
he

ra
py

 (N
RT

) f
or

m
ul

at
io

ns
Tr

an
sd

er
m

al
 p

at
ch

G
um

Lo
ze

ng
e

N
as

al
 sp

ra
y

O
ra

l i
nh

al
er

B
up

ro
pi

on
 S

R
Va

re
ni

cl
in

e
D

os
in

g
≤ 

10
 c

ig
ar

et
te

s/
da

y:
14

 m
g/

da
y 

× 
6 

w
ee

ks
7 

m
g/

da
y 

× 
2 

w
ee

ks
> 

10
 c

ig
ar

et
te

s/
da

y:
21

 m
g/

da
y 

× 
4 

w
ee

ks
 

(g
en

er
ic

) o
r 6

 w
ee

ks
 (N

ic
o-

D
er

m
 C

Q
)

14
 m

g/
da

y 
× 

2 
w

ee
ks

7 
m

g/
da

y 
× 

2 
w

ee
ks

M
ay

 w
ea

r p
at

ch
 fo

r 1
6 

h 
if 

pa
tie

nt
 e

xp
er

ie
nc

es
 sl

ee
p 

di
st

ur
ba

nc
es

 (r
em

ov
e 

at
 

be
dt

im
e)

D
ur

at
io

n:
 8

–1
0 

w
ee

ks
; c

an
 

be
 lo

ng
er

 u
nd

er
 g

ui
da

nc
e 

of
 p

hy
si

ci
an

1s
t c

ig
ar

et
te

 >
 30

 m
in

 
af

te
r w

ak
in

g:
 2

 m
g

1s
t c

ig
ar

et
te

 ≤
 30

 m
in

 
af

te
r w

ak
in

g:
 4

 m
g

W
ee

ks
 1

–6
: 1

 p
ie

ce
 q

 
1–

2 
h

W
ee

ks
 7

–9
: 1

 p
ie

ce
 q

 
2–

4 
h

W
ee

ks
 1

0–
12

: 1
 p

ie
ce

 q
 

4–
8 

h
M

ax
im

um
: 2

4 
pi

ec
es

/d
ay

C
he

w
 e

ac
h 

pi
ec

e 
sl

ow
ly

Pa
rk

 b
et

w
ee

n 
ch

ee
k 

an
d 

gu
m

 w
he

n 
pe

pp
er

y 
or

 
tin

gl
in

g 
se

ns
at

io
n 

ap
pe

ar
s 

(~
 15

–3
0 

ch
ew

s)
R

es
um

e 
ch

ew
in

g 
w

he
n 

tin
gl

e 
fa

de
s

R
ep

ea
t c

he
w

/p
ar

k 
st

ep
s 

un
til

 m
os

t o
f t

he
 n

ic
ot

in
e 

is
 g

on
e 

(i.
e.

, t
in

gl
e 

do
es

 
no

t r
et

ur
n;

 g
en

er
al

ly
 

30
 m

in
)

Pa
rk

 in
 d

iff
er

en
t a

re
as

 o
f 

m
ou

th
N

o 
fo

od
 o

r b
ev

er
ag

es
 

15
 m

in
 b

ef
or

e 
or

 d
ur

in
g 

us
e

D
ur

at
io

n:
 u

p 
to

 1
2 

w
ee

ks

1s
t c

ig
ar

et
te

 ≤
 30

 m
in

 a
fte

r 
w

ak
in

g:
 4

 m
g

1s
t c

ig
ar

et
te

 30
 m

in
 a

fte
r w

ak
in

g:
 2

 m
g

W
ee

ks
 1

–6
: 1

 lo
ze

ng
e 

q 
1–

2 
h

W
ee

ks
 7

–9
: 1

 lo
ze

ng
e 

q 
2–

4 
h

W
ee

ks
 1

0–
12

: 1
 lo

ze
ng

e 
q 

4–
8 

h
M

ax
im

um
: 2

0 
lo

ze
ng

es
/

da
y

A
llo

w
 to

 d
is

so
lv

e 
sl

ow
ly

 
(2

0–
30

 m
in

 fo
r s

ta
nd

ar
d;

 
10

 m
in

 fo
r m

in
i)

N
ic

ot
in

e 
re

le
as

e 
m

ay
 c

au
se

 
a 

w
ar

m
, t

in
gl

in
g 

se
ns

at
io

n
D

o 
no

t c
he

w
 o

r s
w

al
lo

w
O

cc
as

io
na

lly
 ro

ta
te

 to
 d

if-
fe

re
nt

 a
re

as
 o

f t
he

 m
ou

th
N

o 
fo

od
 o

r b
ev

er
ag

es
 

15
 m

in
 b

ef
or

e 
or

 d
ur

in
g 

us
e

D
ur

at
io

n:
 u

p 
to

 1
2 

w
ee

ks

1–
2 

do
se

s/
h

(8
–4

0 
do

se
s/

da
y)

O
ne

 d
os

e 
= 

2 
sp

ra
ys

 (o
ne

 
in

 e
ac

h 
no

st
ril

)
Ea

ch
 sp

ra
y 

de
liv

er
s 

0.
5 

m
g 

of
 n

ic
ot

in
e 

to
 th

e 
na

sa
l m

uc
os

a
M

ax
im

um
:

5 
do

se
s/

h 
or

40
 d

os
es

/d
ay

Fo
r b

es
t r

es
ul

ts
, i

ni
tia

lly
 

us
e 

at
 le

as
t 8

 d
os

es
/d

ay
D

o 
no

t s
ni

ff,
 sw

al
lo

w,
 o

r 
in

ha
le

 th
ro

ug
h 

th
e 

no
se

 
as

 th
e 

sp
ra

y 
is

 b
ei

ng
 

ad
m

in
is

te
re

d
D

ur
at

io
n:

 3
–6

 m
on

th
s

6–
16

 c
ar

tri
dg

es
/d

ay
 

In
di

vi
du

al
iz

e 
do

s-
in

g;
 in

iti
al

ly
 u

se
 1

 
ca

rtr
id

ge
 q

 1
–2

 h
B

es
t e

ffe
ct

s w
ith

 
co

nt
in

uo
us

 p
uf

fin
g 

fo
r 2

0 
m

in
In

iti
al

ly
 u

se
 a

t l
ea

st
 

6 
ca

rtr
id

ge
s/

da
y

N
ic

ot
in

e 
in

 c
ar

tri
dg

e 
is

 d
ep

le
te

d 
af

te
r 

20
 m

in
 o

f a
ct

iv
e 

pu
ffi

ng
In

ha
le

 in
to

 b
ac

k 
of

 th
ro

at
 o

r p
uf

f i
n 

sh
or

t b
re

at
hs

D
o 

no
t i

nh
al

e 
in

to
 

th
e 

lu
ng

s (
lik

e 
a 

ci
ga

re
tte

) b
ut

 “
pu

ff”
 

as
 if

 li
gh

tin
g 

a 
pi

pe
O

pe
n 

ca
rtr

id
ge

 
re

ta
in

s p
ot

en
cy

 fo
r 

24
 h

N
o 

fo
od

 o
r b

ev
er

-
ag

es
 1

5 
m

in
 b

ef
or

e 
or

 d
ur

in
g 

us
e

D
ur

at
io

n:
 3

–6
 

m
on

th
s

15
0  

m
g 

po
 q

 A
M

 x
 3

 
da

ys
, t

he
n 

15
0 

m
g 

po
 

bi
d

M
ax

im
um

: 3
00

 m
g/

da
y

B
eg

in
 th

er
ap

y 
1–

2 
w

ee
ks

 p
ri

or
 to

 q
ui

t d
at

e
A

llo
w

 a
t l

ea
st

 8
 h

 
be

tw
ee

n 
do

se
s

Av
oi

d 
be

dt
im

e 
do

si
ng

 
to

 m
in

im
iz

e 
in

so
m

ni
a

D
os

e 
ta

pe
rin

g 
is

 n
ot

 
ne

ce
ss

ar
y

C
an

 b
e 

us
ed

 sa
fe

ly
 w

ith
 

N
RT

D
ur

at
io

n:
 7

–1
2 

w
ee

ks
, 

w
ith

 m
ai

nt
en

an
ce

 u
p 

to
 6

 m
on

th
s i

n 
se

le
ct

ed
 

pa
tie

nt
s

D
ay

s 1
–3

: 0
.5

 m
g 

po
 q

 
A

M
D

ay
s 4

–7
: 0

.5
 m

g 
po

 b
id

W
ee

ks
 2

–1
2:

 1
 m

g 
po

 b
id

B
eg

in
 th

er
ap

y 
1 

w
ee

k 
pr

io
r t

o 
qu

it 
da

te
; a

lte
r-

na
tiv

el
y,

 th
e 

pa
tie

nt
 c

an
 

be
gi

n 
th

er
ap

y 
an

d 
th

en
 

qu
it 

sm
ok

in
g 

be
tw

ee
n 

da
ys

 8
–3

5 
of

 tr
ea

tm
en

t
Ta

ke
 d

os
e 

af
te

r e
at

in
g 

an
d 

w
ith

 a
 fu

ll 
gl

as
s o

f w
at

er
D

os
e 

ta
pe

rin
g 

is
 n

ot
 

ne
ce

ss
ar

y
D

os
in

g 
ad

ju
st

m
en

t i
s 

ne
ce

ss
ar

y 
fo

r p
at

ie
nt

s w
ith

 
se

ve
re

 re
na

l i
m

pa
irm

en
t

D
ur

at
io

n:
 st

an
da

rd
 is

 
12

 w
ee

ks
; a

n 
ad

di
tio

na
l 

12
-w

ee
k 

co
ur

se
 m

ay
 b

e 
us

ed
 in

 se
le

ct
ed

 p
at

ie
nt

s

A
dv

er
se

 
ef

fe
ct

s
Lo

ca
l s

ki
n 

re
ac

tio
ns

 
(e

ry
th

em
a,

 p
ru

rit
us

, a
nd

 
bu

rn
in

g)
H

ea
da

ch
e

Sl
ee

p 
di

st
ur

ba
nc

es
 

(in
so

m
ni

a,
 a

bn
or

m
al

/
vi

vi
d 

dr
ea

m
s)

; a
ss

oc
ia

te
d 

w
ith

 n
oc

tu
rn

al
 n

ic
ot

in
e 

ab
so

rp
tio

n

M
ou

th
/ja

w
 so

re
ne

ss
H

ic
cu

ps
D

ys
pe

ps
ia

H
yp

er
sa

liv
at

io
n

Ef
fe

ct
s a

ss
oc

ia
te

d 
w

ith
 

in
co

rr
ec

t c
he

w
in

g 
te

ch
ni

qu
e:

Li
gh

th
ea

de
dn

es
s

N
au

se
a/

vo
m

iti
ng

Th
ro

at
 a

nd
 m

ou
th

 
irr

ita
tio

n

N
au

se
a

H
ic

cu
ps

C
ou

gh
H

ea
rtb

ur
n

H
ea

da
ch

e
Fl

at
ul

en
ce

In
so

m
ni

a

N
as

al
 a

nd
/o

r t
hr

oa
t 

irr
ita

tio
n 

(h
ot

, p
ep

pe
ry

, o
r 

bu
rn

in
g 

se
ns

at
io

n)
R

hi
ni

tis
Te

ar
in

g
Sn

ee
zi

ng
C

ou
gh

H
ea

da
ch

e

M
ou

th
 a

nd
/o

r t
hr

oa
t 

irr
ita

tio
n

C
ou

gh
H

ea
da

ch
e

R
hi

ni
tis

D
ys

pe
ps

ia
H

ic
cu

ps

In
so

m
ni

a
D

ry
 m

ou
th

N
er

vo
us

ne
ss

/d
iff

ic
ul

ty
 

co
nc

en
tra

tin
g

R
as

h
C

on
st

ip
at

io
n

Se
iz

ur
es

 (r
is

k 
is

 0
.1

%
)

N
eu

ro
ps

yc
hi

at
ric

 
sy

m
pt

om
s

(r
ar

e;
 se

e 
pr

ec
au

tio
ns

)

N
au

se
a

Sl
ee

p 
di

st
ur

ba
nc

es
 

(in
so

m
ni

a,
 a

bn
or

m
al

/v
iv

id
 

dr
ea

m
s)

C
on

st
ip

at
io

n
Fl

at
ul

en
ce

Vo
m

iti
ng

N
eu

ro
ps

yc
hi

at
ric

 
sy

m
pt

om
s

(r
ar

e;
 se

e 
pr

ec
au

tio
ns

)



Ta
bl

e 
15

.1
 (

co
nt

in
ue

d)

 

N
ic

ot
in

e 
re

pl
ac

em
en

t t
he

ra
py

 (N
RT

) f
or

m
ul

at
io

ns
Tr

an
sd

er
m

al
 p

at
ch

G
um

Lo
ze

ng
e

N
as

al
 sp

ra
y

O
ra

l i
nh

al
er

B
up

ro
pi

on
 S

R
Va

re
ni

cl
in

e
Ef

fic
ac

ye
M

on
ot

he
ra

py
—

es
tim

at
ed

 o
dd

s r
at

io
 (9

5 %
 C

I)
1.

9 
(1

.7
–2

.2
)

1.
5 

(1
.2

–1
.7

)
2.

0 
(1

.4
–2

.8
)f

2.
3 

(1
.7

–3
.0

)
2.

1 
(1

.5
–2

.9
)

2.
0 

(1
.8

–2
.6

)
3.

1 
(2

.5
–3

.8
)

C
om

bi
na

tio
n 

th
er

ap
y—

es
tim

at
ed

 o
dd

s r
at

io
 (9

5  %
 C

I)
A

ll 
ef

fe
ct

iv
e 

co
m

bi
na

-
tio

ns
 c

on
ta

in
 th

e 
tra

ns
de

r-
m

al
 p

at
ch

 a
s o

ne
 o

f t
he

 
m

ed
ic

at
io

ns

Lo
ng

-te
rm

 (>
 14

 w
ee

ks
) 

ni
co

tin
e 

gu
m

 +
 p

at
ch

 3
.6

 
(2

.5
–5

.2
)

D
at

a 
no

t a
va

ila
bl

e
Lo

ng
-te

rm
 (>

14
 w

ee
ks

) 
ni

co
tin

e 
sp

ra
y 

+ 
pa

tc
h 

3.
6 

(2
.5

–5
.2

)

N
ic

ot
in

e 
in

ha
le

 +
 

pa
tc

h 
2.

2 
(1

.3
–3

.6
)

B
up

ro
pi

on
 S

R
 +

 n
ic

o-
tin

e 
pa

tc
h 

2.
5 

(1
.9

–3
.4

)
D

at
a 

no
t a

va
ila

bl
e

U
S$

/d
ay

g
1.

52
–3

.4
0 

(1
 p

at
ch

)
1.

90
–5

.4
8/

da
y 

(9
 p

ie
ce

s)
3.

05
–4

.3
8/

da
y

(9
 p

ie
ce

s)
4.

32
–6

.4
8/

da
y

(8
–1

2 
do

se
s)

7.
74

–2
0.

64
/d

ay
 

(6
–1

6 
ca

rtr
id

ge
s)

2.
54

–6
.2

2/
da

y 
(2

 ta
b-

le
ts

) O
R

41
9.

10
–1

02
6.

30
 (1

2-
w

ee
k 

co
ur

se
)

6.
54

/d
ay

 (2
 ta

bl
et

s)
 O

R
10

79
.1

0 
(1

2-
w

ee
k 

co
ur

se
)

A
dv

an
ta

ge
s

Pr
ov

id
es

 c
on

si
st

en
t n

ic
ot

in
e 

le
ve

ls
 o

ve
r 2

4 
h

Ea
sy

 to
 u

se
 a

nd
 c

on
ce

al
O

nc
e-

da
ily

 d
os

in
g 

as
so

ci
-

at
ed

 w
ith

 fe
w

er
 c

om
pl

ia
nc

e 
pr

ob
le

m
s

M
ig

ht
 sa

tis
fy

 o
ra

l 
cr

av
in

gs
M

ig
ht

 d
el

ay
 w

ei
gh

t g
ai

n
Pa

tie
nt

s c
an

 ti
tra

te
 

th
er

ap
y 

to
 m

an
ag

e 
w

ith
-

dr
aw

al
 sy

m
pt

om
s

Va
rie

ty
 o

f f
la

vo
rs

 a
re

 
av

ai
la

bl
e

M
ig

ht
 sa

tis
fy

 o
ra

l c
ra

vi
ng

s
M

ig
ht

 d
el

ay
 w

ei
gh

t g
ai

n
N

as
al

/th
ro

at
 ir

rit
at

io
n 

m
ay

 
be

 b
ot

he
rs

om
e

Pa
tie

nt
s c

an
 ti

tra
te

 
th

er
ap

y 
to

 ra
pi

dl
y 

m
an

ag
e 

w
ith

dr
aw

al
 sy

m
pt

om
s

N
ee

d 
fo

r f
re

qu
en

t d
os

-
in

g 
ca

n 
co

m
pr

om
is

e 
co

m
pl

ia
nc

e
N

as
al

/th
ro

at
 ir

rit
at

io
n 

m
ay

 b
e 

bo
th

er
so

m
e

Pa
tie

nt
s c

an
 ti

tra
te

 
th

er
ap

y 
to

 m
an

-
ag

e 
w

ith
dr

aw
al

 
sy

m
pt

om
s

M
im

ic
s h

an
d-

to
-

m
ou

th
 ri

tu
al

 o
f 

sm
ok

in
g 

(c
ou

ld
 a

ls
o 

be
 p

er
ce

iv
ed

 a
s a

 
di

sa
dv

an
ta

ge
)

N
ee

d 
fo

r f
re

qu
en

t 
do

si
ng

 c
an

 c
om

pr
o-

m
is

e 
co

m
pl

ia
nc

e

Ea
sy

 to
 u

se
; o

ra
l 

fo
rm

ul
at

io
n 

m
ig

ht
 b

e 
as

so
ci

at
ed

 w
ith

 fe
w

er
 

co
m

pl
ia

nc
e 

pr
ob

le
m

s
M

ig
ht

 d
el

ay
 w

ei
gh

t 
ga

in
C

an
 b

e 
us

ed
 w

ith
 N

RT
M

ig
ht

 b
e 

be
n-

ef
ic

ia
l i

n 
pa

tie
nt

s w
ith

 
de

pr
es

si
on

Ea
sy

 to
 u

se
; o

ra
l f

or
m

ul
a-

tio
n 

m
ig

ht
 b

e 
as

so
ci

at
ed

 
w

ith
 fe

w
er

 c
om

pl
ia

nc
e 

pr
ob

le
m

s
O

ffe
rs

 a
 n

ew
 m

ec
ha

ni
sm

 
of

 a
ct

io
n 

fo
r p

at
ie

nt
s w

ho
 

ha
ve

 fa
ile

d 
ot

he
r a

ge
nt

s



Ta
bl

e 
15

.1
 (

co
nt

in
ue

d)
 

N
ic

ot
in

e 
re

pl
ac

em
en

t t
he

ra
py

 (N
RT

) f
or

m
ul

at
io

ns
Tr

an
sd

er
m

al
 p

at
ch

G
um

Lo
ze

ng
e

N
as

al
 sp

ra
y

O
ra

l i
nh

al
er

B
up

ro
pi

on
 S

R
Va

re
ni

cl
in

e
D

isa
dv

an
ta

ge
Pa

tie
nt

s c
an

no
t t

itr
at

e 
th

e 
do

se
 to

 a
cu

te
ly

 m
an

ag
e 

w
ith

dr
aw

al
 sy

m
pt

om
s

A
lle

rg
ic

 re
ac

tio
ns

 to
 a

dh
e-

si
ve

 m
ig

ht
 o

cc
ur

Pa
tie

nt
s w

ith
 d

er
m

at
ol

og
ic

 
co

nd
iti

on
s s

ho
ul

d 
no

t u
se

 
th

e 
pa

tc
h

N
ee

d 
fo

r f
re

qu
en

t d
os

-
in

g 
ca

n 
co

m
pr

om
is

e 
co

m
pl

ia
nc

e
M

ig
ht

 b
e 

pr
ob

le
m

at
ic

 fo
r 

pa
tie

nt
s w

ith
 si

gn
ifi

ca
nt

 
de

nt
al

 w
or

k
Pa

tie
nt

s m
us

t u
se

 p
ro

pe
r 

ch
ew

in
g 

te
ch

ni
qu

e 
to

 
m

in
im

iz
e 

ad
ve

rs
e 

ef
fe

ct
s

G
um

 c
he

w
in

g 
m

ay
 n

ot
 b

e 
so

ci
al

ly
 a

cc
ep

ta
bl

e

G
as

tro
in

te
st

in
al

 si
de

 
ef

fe
ct

s (
na

us
ea

, h
ic

cu
ps

, 
an

d 
he

ar
tb

ur
n)

 m
ig

ht
 b

e 
bo

th
er

so
m

e

Pa
tie

nt
s m

us
t w

ai
t 5

 m
in

 
be

fo
re

 d
riv

in
g 

or
 o

pe
ra

t-
in

g 
he

av
y 

m
ac

hi
ne

ry
Pa

tie
nt

s w
ith

 c
hr

on
ic

 
na

sa
l d

is
or

de
rs

 o
r s

ev
er

e 
re

ac
tiv

e 
ai

rw
ay

 d
is

ea
se

 
sh

ou
ld

 n
ot

 u
se

 th
e 

sp
ra

y

In
iti

al
 th

ro
at

 o
r 

m
ou

th
 ir

rit
at

io
n 

ca
n 

be
 b

ot
he

rs
om

e
C

ar
tri

dg
es

 sh
ou

ld
 

no
t b

e 
st

or
ed

 in
 v

er
y 

w
ar

m
 c

on
di

tio
ns

 o
r 

us
ed

 in
 v

er
y 

co
ld

 
co

nd
iti

on
s

Pa
tie

nt
s w

ith
 u

nd
er

-
ly

in
g 

br
on

ch
os

pa
st

ic
 

di
se

as
e 

m
us

t u
se

 
w

ith
 c

au
tio

n

Se
iz

ur
e 

ris
k 

is
 

in
cr

ea
se

d
Se

ve
ra

l c
on

tra
in

di
ca

-
tio

ns
 a

nd
 p

re
ca

u-
tio

ns
 p

re
cl

ud
e 

us
e 

in
 

so
m

e 
pa

tie
nt

s (
se

e 
pr

ec
au

tio
ns

)
Pa

tie
nt

s s
ho

ul
d 

be
 

m
on

ito
re

d 
fo

r p
ot

en
tia

l 
ne

ur
op

sy
ch

ia
tri

c 
sy

m
p-

to
m

sd  (
se

e 
pr

ec
au

tio
ns

)

M
ay

 in
du

ce
 n

au
se

a 
in

 u
p 

to
 o

ne
 th

ird
 o

f p
at

ie
nt

s
Pa

tie
nt

s s
ho

ul
d 

be
 m

on
i-

to
re

d 
fo

r p
ot

en
tia

l n
eu

-
ro

ps
yc

hi
at

ric
 sy

m
pt

om
sd  

(s
ee

 p
re

ca
ut

io
ns

)

Fo
r c

om
pl

et
e 

pr
es

cr
ib

in
g 

in
fo

rm
at

io
n,

 p
le

as
e 

re
fe

r t
o 

th
e 

m
an

uf
ac

tu
re

rs
’ p

ac
ka

ge
 in

se
rts

C
op

yr
ig

ht
 ©

 1
99

9–
20

15
 T

he
 R

eg
en

ts
 o

f t
he

 U
ni

ve
rs

ity
 o

f C
al

ifo
rn

ia
. A

ll 
rig

ht
s r

es
er

ve
d.

 U
pd

at
ed

 Ju
ly

 7
, 2

01
3.

 A
va

ila
bl

e 
at

: h
ttp

://
w

w
w.

aa
fp

.o
rg

/d
am

/A
A

FP
/d

oc
um

en
ts

/p
at

ie
nt

_c
ar

e/
to

ba
cc

o/
ph

ar
m

ac
ol

og
ic

-
gu

id
e.

pd
f

M
AO

 m
on

oa
m

in
e 

ox
id

as
e,

 N
RT

 n
ic

ot
in

e 
re

pl
ac

em
en

t t
he

ra
py

, O
TC

 o
ve

r-t
he

-c
ou

nt
er

 (n
on

pr
es

cr
ip

tio
n 

pr
od

uc
t),

 R
x 

pr
es

cr
ip

tio
n 

pr
od

uc
t, 

SR
 s

us
ta

in
ed

 re
le

as
e,

 q
 e

ve
ry

, p
o 

by
 th

e 
w

ay
 o

f m
ou

th
, b

id
 tw

ic
e 

a 
da

y,
 A

M
 b

ef
or

e 
no

on
, C

I c
on

fid
en

ce
 in

te
rv

al
a  M

ar
ke

te
d 

by
 G

la
xo

Sm
ith

K
lin

e
b  M

ar
ke

te
d 

by
 P

fiz
er

c  T
he

 U
S 

C
lin

ic
al

 P
ra

ct
ic

e G
ui

de
lin

e s
ta

te
s t

ha
t p

re
gn

an
t s

m
ok

er
s s

ho
ul

d 
be

 en
co

ur
ag

ed
 to

 q
ui

t w
ith

ou
t m

ed
ic

at
io

n 
ba

se
d 

on
 in

su
ffi

ci
en

t e
vi

de
nc

e o
f e

ffe
ct

iv
en

es
s a

nd
 th

eo
re

tic
al

 co
nc

er
ns

 w
ith

 sa
fe

ty
. P

re
gn

an
t 

sm
ok

er
s s

ho
ul

d 
be

 o
ffe

re
d 

be
ha

vi
or

al
 c

ou
ns

el
in

g 
in

te
rv

en
tio

ns
 th

at
 e

xc
ee

d 
m

in
im

al
 a

dv
ic

e 
to

 q
ui

t
d  

In
 J

ul
y 

20
09

, t
he

 F
D

A
 m

an
da

te
d 

th
at

 th
e 

pr
es

cr
ib

in
g 

in
fo

rm
at

io
n 

fo
r a

ll 
bu

pr
op

io
n-

 a
nd

 v
ar

en
ic

lin
e-

co
nt

ai
ni

ng
 p

ro
du

ct
s 

in
cl

ud
e 

a 
bl

ac
k-

bo
xe

d 
w

ar
ni

ng
 h

ig
hl

ig
ht

in
g 

th
e 

ris
k 

of
 s

er
io

us
 n

eu
ro

ps
yc

hi
at

ric
 

sy
m

pt
om

s, 
in

cl
ud

in
g 

ch
an

ge
s i

n 
be

ha
vi

or
, h

os
til

ity
, a

gi
ta

tio
n,

 d
ep

re
ss

ed
 m

oo
d,

 su
ic

id
al

 th
ou

gh
ts

 a
nd

 b
eh

av
io

r, 
an

d 
at

te
m

pt
ed

 su
ic

id
e.

 C
lin

ic
ia

ns
 sh

ou
ld

 a
dv

is
e 

pa
tie

nt
s t

o 
st

op
 ta

ki
ng

 v
ar

en
ic

lin
e 

or
 b

up
ro

pi
on

 
SR

 a
nd

 c
on

ta
ct

 a
 h

ea
lth

-c
ar

e 
pr

ov
id

er
 im

m
ed

ia
te

ly
 if

 th
ey

 e
xp

er
ie

nc
e 

ag
ita

tio
n,

 d
ep

re
ss

ed
 m

oo
d,

 a
nd

 a
ny

 c
ha

ng
es

 in
 b

eh
av

io
r t

ha
t a

re
 n

ot
 ty

pi
ca

l o
f n

ic
ot

in
e 

w
ith

dr
aw

al
, o

r i
f t

he
y 

ex
pe

rie
nc

e 
su

ic
id

al
 th

ou
gh

ts
 

or
 b

eh
av

io
r. 

If
 tr

ea
tm

en
t i

s s
to

pp
ed

 d
ue

 to
 n

eu
ro

ps
yc

hi
at

ric
 sy

m
pt

om
s, 

pa
tie

nt
s s

ho
ul

d 
be

 m
on

ito
re

d 
un

til
 th

e 
sy

m
pt

om
s r

es
ol

ve
e  E

ffi
ca

cy
: O

dd
s o

f a
bs

tin
en

ce
 re

la
tiv

e 
to

 th
e 

pl
ac

eb
o 

gr
ou

p;
 a

ll 
m

ed
ic

at
io

ns
 w

er
e 

us
ed

 in
 c

om
bi

na
tio

n 
w

ith
 b

eh
av

io
ra

l c
es

sa
tio

n 
co

un
se

lin
g;

 a
ll 

nu
m

be
rs

 ta
ke

n 
fr

om
 m

et
a-

an
al

ys
is

 p
ub

lis
he

d 
in

 th
e 

20
08

 P
H

S 
G

ui
de

lin
es

f  O
dd

s r
at

io
 b

as
ed

 o
n 

a 
si

ng
le

 st
ud

y 
in

cl
ud

ed
 in

 th
e 

20
08

 P
H

S 
G

ui
de

lin
es

g  W
ho

le
sa

le
 a

cq
ui

si
tio

n 
co

st
 fr

om
 R

ed
 B

oo
k 

O
nl

in
e.

 T
ho

m
so

n 
R

eu
te

rs
, S

ep
te

m
be

r 2
01

3

http://www.aafp.org/dam/AAFP/documents/patient_care/tobacco/pharmacologic-guide.pdf
http://www.aafp.org/dam/AAFP/documents/patient_care/tobacco/pharmacologic-guide.pdf


141

shortness of breath, calf pain, numbness, or difficulty speak-
ing) [8], a convincing reanalysis involving additional data 
indicated that there is no difference in cardiac event rates 
between varenicline and placebo groups [9]. These black box 
warnings have introduced considerable media frenzy and 
perhaps contributed to public misunderstanding. Therefore, 
it will be especially helpful to educate patients who may be 
prescribed either bupropion or varenicline about the evidence 
and likely misconceptions surrounding these medications.

Combination Pharmacotherapies Treatment with a combi-
nation of cessation medications can further reduce withdrawal 
symptoms and increase quit rates. The PHS Guidelines found 
that all cessation medication combinations increased the odds 
of quitting by 2.0–3.6 times compared to placebo [5]. For 
example, a nicotine patch can be used for continuous nicotine 
delivery in combination with nicotine gum to combat acute 
cravings (90 % increased odds of quitting using the combina-
tion compared to only using the nicotine patch).

Cessation Medications: Developing Patient 
“Buy-In”

When discussing treatment options with patients, health-care 
providers should explain that cessation medications target 
the physical addiction to nicotine and minimize nicotine 
withdrawal symptoms, a common reason for relapse. It is 
also important to review common physiological side effects 
of nicotine withdrawal, such as cravings, headaches, appetite 
and/or weight changes, and mood changes (e.g., irritability, 
anxiety, depressed mood), so that patients can anticipate and 
prepare for these potential symptoms and differentiate them 
from potential medication side effects. Withdrawal symp-
toms typically start 24–48 h after quitting, peak within the 
first week, and subside within 2–4 weeks [10]. This educa-
tion piece is critical, particularly among certain higher-bur-
den tobacco using populations who are more likely to hold 
strong misconceptions about NRT, thereby deterring their 
use [11]. Patients are significantly more likely to be absti-
nent at the end of a 12-week course of NRT if they dem-
onstrate increased perceived control over withdrawal symp-
toms within the first 3 weeks of treatment [12]. By clearly 
emphasizing the time-limited nature of withdrawal, medical 
professionals can provide helpful self-talk that can be used 
by a patient to manage any initial cravings experienced and 
potentially prevent him/her from slipping back into smoking.

Cessation Medications: Compliance Concerns

Even when prescribed, there are many reasons why patients 
may not follow through with pharmacotherapy [13]. Having 
a frank discussion with your patients about compliance may 

help minimize these issues. First, patients may not fill the 
prescription due to lack of access or high cost (see below 
how the ACA may help to address this issue).

Second, patients may not use the medication in the most 
effective manner due to a misunderstanding or misconcep-
tions about medication use, potential side effects, or the effi-
cacy of the medications. Patients often misattribute common 
withdrawal symptoms, which, as noted above, typically pass 
in 2–4 weeks, to medication side effects. Likewise, patients 
who happen to slip and smoke a cigarette often discontinue 
useful pharmacotherapy due to concerns about side effects, 
thereby increasing the chances of the slip leading to a full 
relapse. To address this general issue, the FDA recently up-
dated the instructions for nicotine patch use, indicating that 
it is safe to smoke while using the nicotine patch with the 
caveat that individuals may experience some negative side 
effects (e.g., nausea) if they do [14]. Therefore, health-care 
providers must educate the patient about the specific smok-
ing cessation medication(s) recommended and/or prescribed, 
the potential efficacy, and how symptoms experienced may, 
in fact, be a withdrawal symptom from quitting that will 
likely pass in time rather than a persistent side effect of the 
prescribed medication.

“Aren’t I Just Replacing One Addiction with Another?” 
Patients also express concern about becoming addicted to the 
pharmacotherapy they use in their quit attempt. In reality, the 
odds of a patient developing a physical addiction to NRTs 
are slim to none as the amount of nicotine delivered is quite 
small in comparison to a cigarette, and more critically, ces-
sation medications have not been shown to have addictive 
properties. To address this issue, health-care providers can 
discuss the possibility for tapering off some of the medica-
tions; e.g., nicotine patches can be tapered from 21 mg (4 
weeks) to 14 mg (2 weeks) to 7 mg (2 weeks) as the level 
of addiction decreases and patient confidence increases. 
Of note, while tapering is safe and recommended, research 
has not demonstrated an added overall benefit for tapering 
medication dose versus not tapering (e.g., 8 weeks 21 mg 
sustained dosing) to complete the course of cessation medi-
cation. However, it is possible that a patient may misattribute 
their successful abstinence solely to the medication and fear 
that stopping the medication will lead to increased cravings 
and withdrawal symptoms. This fear can be combated with 
education regarding the length of physical side effects and 
withdrawal symptoms as discussed above.

Evidence-Based Behavioral Counseling 
Interventions

Decades of intervention research have evaluated the most 
effective treatments for tobacco cessation. The PHS Guide-
lines identify behavioral counseling approaches for tobacco 

15 Treating Tobacco Use in Clinical Practice
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Fig. 15.1  Treatment algorithm for addressing tobacco use in clinical practice according to a patient’s smoking status and motivational readiness to 
make a quit attempt. Ask, advise, and assess are necessary for all patients. For patients unwilling to make a quit attempt, motivational intervention 
(5 R’s) or pre-quit smoking cessation medication can be effective. Patients willing to make a quit attempt should receive brief intervention (5 A’s), 
including psychological (practical and supportive counseling) and pharmacological (cessation medication) support. For patients who have recently 
quit (past year), the potential for relapse to tobacco use should be assessed and relapse prevention intervention provided as needed. Patients who 
have not smoked within the past year should be reassessed at every visit and encouraged to stay smoke free. (Adapted from Hughes [16, p. 217])

users who (1) are willing to quit, (2) are currently unwilling 
to quit, and (3) have recently quit. Please see Fig. 15.1 for 
a summary algorithm of PHS Guideline-recommended ces-
sation intervention approaches organized by patients’ readi-
ness to quit.

Tobacco Users Willing to Quit

The most effective treatments for patients who are willing to 
quit using tobacco are those that combine cessation medica-
tions to treat the physical addiction, as discussed above, with 
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behavioral counseling to treat the psychological addiction 
that often maintains dependence. It is essential to educate pa-
tients about the importance of using both pharmacotherapy 
and behavioral counseling, as this combination significantly 
increases abstinence compared to either treatment approach 
alone [5, 15].

Cessation Counseling: The Five A’s The PHS Guidelines 
outline the 5 A’s for addressing nicotine dependence: Ask, 
Advise, Assess, Assist, and Arrange for follow-up (see 
Table 15.2 for practical and supportive counseling strategies 
and examples) [5]. In conjunction with pharmacotherapy, 
behavioral counseling is critical to address the psychologi-
cal dependence on smoking that typically remains long after 
the physical addiction on nicotine has been broken. Individu-
als trying to quit smoking have to learn new behavioral pat-
terns and coping strategies to adopt a smoke-free life. If left 
unaddressed, the psychological dependence and behavioral 
routines around smoking are most often the triggers that can 
lead to relapse.

At each and every visit, it is critical to ask patients about 
their tobacco use. If they report that they use any tobacco prod-
ucts, advise them to quit and then assess their willingness to 
quit. If patients are willing to consider making a quit attempt 
in the next two weeks, health-care providers should then assist 
their patients to make a quit attempt. The assist step includes 
both pharmacotherapy (as described above) and counseling 
techniques, which are described below in further detail.

In addition to pharmacotherapy, health-care provid-
ers should assist smoking patients by encouraging them to 
(1) set a quit date, (2) tell others about their quit attempt (as 
social support is predictive of successful quitting), (3) an-
ticipate barriers to quitting and briefly discuss how they can 
overcome these barriers, and (4) remove all products related 
to smoking (e.g., ashtrays). It is also important for health-

care providers to be aware of the factors that may facilitate or 
impair an individual’s success in quitting smoking, including 
high nicotine dependence, withdrawal symptoms, comorbid 
illnesses, and lack of social support. For instance, a simple 
measure to assess a patient’s level of nicotine dependence is 
the Heavy Smoking Index [17] comprising two questions: 
(1) “How soon after waking do you smoke your first cig-
arette?” and (2) “How many cigarettes do you smoke per 
day?” Patients who report smoking within 5 min of waking 
and smoking > 30 cigarettes per day are categorized with the 
most severe dependence. For patients with more barriers to 
quitting smoking, more intensive and/or longer-term treat-
ment is indicated to increase the likelihood of their achieving 
and maintaining abstinence.

Higher doses of counseling (overall time as well as num-
ber of contacts) tend to yield higher quit rates. It is for this 
reason that health-care providers should always arrange 
for follow-up after assisting a patient with a quit attempt. If 
time constraints or lack of expertise are of concern, there are 
many supplemental resources for smoking patients. Refer-
rals to the national toll-free quitline (1-800-QUIT-NOW or 
1-855-DEJELO-YA for Spanish speakers) connect patients 
to their local state quitline that, depending on current state 
funding, provides free behavior and supportive counseling 
and, in some cases, smoking cessation pharmacotherapy.

With  the advent of technology and social media, many 
online resources and interactive modules are available to 
assist individuals when smoking, some of which are being 
paired with quitline services. These resources include online 
social support groups and chatrooms, and mobile phone ap-
plications to monitor smoking behaviors, which may serve 
as measures of accountability and support for patients be-
tween medical visits. Please see the resources section at the 
end of this chapter for a list of tobacco cessation information, 
tools, and interactive modules.

Table 15.2  Practical and supportive cessation counseling strategies for smokers willing to quit
Strategy Example
Practical counseling
 Education Discuss potential withdrawal symptoms and expected length of withdrawal symptoms
 Identify smoking triggers Behaviors: drinking coffee/alcohol, spending time with other smokers

Thoughts: “Smoking will help me relax.” or “A cigarette would make this meal taste better.”
Feelings: depressed mood, stress, excitement, boredom

 Develop coping skills Behavior: avoiding trigger situations (e.g., alcohol), change routines (e.g., morning coffee), and 
increase smoking incompatible behaviors (e.g., wash dishes, brush/floss teeth)
Cognitive: increase positive self-talk (e.g., “This craving will pass. It’s only 5 min.”), counter permis-
sion-giving thoughts (e.g., “I’ve had a really hard day, I deserve a cigarette.”), and utilize distraction 
tactics (e.g., listen to music, do a crossword)

Supportive counseling
 Encourage quit attempt Encourage the patient to identify his or her own reasons for quitting
 Empathize Acknowledge how difficult it can be to quit smoking and that many smokers fail several times before 

they are able to quit for good
 Encourage discussion of the process Ask about the patient’s concerns about quitting (e.g., identity as a smoker), past difficulties, and 

failures
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Tobacco Users Currently Unwilling to Quit

For smokers who are not willing to set a quit date within the 
upcoming month, different motivational interventions are 
appropriate. The PHS Guidelines outline a motivation ap-
proach called the 5 R’s: Relevance, Risks, Rewards, Road-
blocks, and Repetition [5]. When a health-care provider 
spends time with the patient providing education regarding 
reasons to quit that are relevant to the patient’s personal situ-
ation, recognizing the risks and rewards of quitting smok-
ing, and expressing understanding of the roadblocks faced 
by quitting, patients are more likely to contemplate smoking 
cessation and discuss it with health-care providers in the fu-
ture (repetition) to receive help in quitting.

Evidence indicates that, for individuals who are currently 
unwilling or unable to quit smoking, reduction is an effec-
tive step toward abstinence [18], particularly when aided by 
pharmacotherapy (nicotine patch or varenicline) [14, 19]. Re-
duced tobacco consumption has been shown to predict suc-
cessful abstinence. When individuals take charge of their be-
havior change, the sense of control over their own health that 
is gained during an initial stage of reduction can help them 
to achieve successful abstinence in the long run. However, 
this strategy comes with the caveat that reducing tobacco 
consumption in and of itself is not an effective strategy for re-
ducing risk of tobacco-attributable disease occurrence or ex-
acerbation. Therefore, while it is important to encourage and 
applaud any steps a patient is willing and able to make toward 
abstinence, it is also necessary to continue to educate patients 
about the importance of complete abstinence as the end goal.

Tobacco Users Who Have Recently Quit

As with other chronic diseases, it is important to continue 
to monitor and assess patients for relapse potential. Many 
smokers who relapse do so because they fail to anticipate 
and plan for difficult situations that could trigger a slip. It 
is not uncommon for patients to think that they can simply 
“be strong,” “use will power,” and just “make” themselves 
quit. In addition to recognizing patients with a high poten-
tial for relapse, high-risk situations to anticipate and discuss 
directly with patients include positive events (e.g., celebra-
tions), negative mood states (e.g., depression, stress), and 
situations with alcohol (especially in social situations). By 
having frank discussions about these issues, patients can be 
better equipped to handle high-risk situations as they arise 
and thereby decrease their own risk for relapse.

Like patients who are still smoking, it is important to ar-
range for follow-up soon after their quit date, at the comple-
tion of treatment, and during subsequent contacts (either by 
phone or in the office), praise patients for continued success, 
and counsel patients regarding the potential for slips and re-

lapse as outlined above. Those who have recently quit should 
also be connected to resources in the community for addi-
tional support or their state quitline to help them maintain 
abstinence and stay quit.

Adapting Treatment to Special Populations

The pharmacotherapies and behavioral strategies outlined 
above have been demonstrated to be effective in the general 
population of smokers. However, there are myriad smokers 
whose sociodemographic, medical, and psychiatric histories 
negatively influence their chances of success. Populations 
that require special attention regarding tobacco treatment are 
those who (a) smoke at > 10 % higher rates than the gen-
eral population, (b) experience greater tobacco-attributable 
health disparities, (c) have less access to treatment, or (d) 
have not been specifically studied [20]. It is useful to under-
stand the treatments that are most effective or may be con-
traindicated for these special populations. The PHS recom-
mendations for special populations [5] are summarized in 
Table 15.3  and outlined in further detail below.

Medical Populations

Patients with medical conditions related to or exacerbated 
by smoking often experience “teachable moments,” or mo-
ments when patients feel vulnerable and are more likely to 
engage in behavior change, particularly if quitting smoking 
is known to reduce or completely ameliorate the problem. 
Behavior counseling and education regarding smoking ces-
sation has been shown to be effective in hospitalized pa-
tients, though abstinence rates improve only when at least 1 
month of follow-up is included [21]. There are unique con-
siderations and barriers that require specific interventions 
and care for certain medical populations.

Chronic Disease Populations It is well-known that tobacco 
use causes and exacerbates chronic diseases, including car-
diovascular disease, pulmonary diseases, cancer, and many 
others. Smoking cessation is more effective than medica-
tions for prevention of a secondary coronary event or cancer 
disease progression and recurrence, yet fewer than 50 % of 
individuals quit smoking after experiencing a heart attack or 
being diagnosed with lung cancer. Barriers may arise from 
health-care providers, who do not want to place additional 
“pressure” or stress on their patients to quit smoking while 
they are dealing with their chronic disease, or they have con-
cerns about giving smoking patients additional medications 
on top of an already complicated regimen.

While more research to develop effective, manageable 
interventions for these populations is warranted, smoking 
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cessation interventions that are effective in the general popu-
lation (e.g., those discussed above) have also been shown to 
be effective and safe in medical populations and should be 
employed. Intensive behavioral counseling alone has been 
found to significantly increase quit rates among all groups. 
In addition, NRTs and other first-line smoking cessation 
medications combined with behavioral counseling have been 
shown to be safe and effective for the majority of these popu-
lations.

It is important to monitor these patients closely for height-
ened psychological distress associated with both the burden 
of a chronic disease and smoking cessation. Health-care pro-
viders should emphasize that this distress is manageable and, 
in the case of nicotine withdrawal symptoms or medication 
side effects, time limited. Certain medications, such as var-
enicline and bupropion, appear to be effective in part through 
improving depressed mood and cognitive functioning and 
may be particularly effective for helping chronic disease pa-
tients to manage the stress associated with quitting tobacco.

Pregnant Women Although many women are strongly moti-
vated to quit smoking when they are pregnant, nearly 12 % of 
women report smoking in their third trimester of pregnancy, 

and postpartum relapse rates are nearly 100 %. Smoking dur-
ing pregnancy is associated with higher rates of spontane-
ous abortion, premature birth, sudden infant death syndrome 
(SIDS), and developmental (cognitive, emotional, behav-
ioral) issues.

All pregnant women should be asked regularly about 
their tobacco use. Strong social norms that discourage smok-
ing among pregnant women can deter some women from 
disclosing their smoking behavior. Tobacco use can be as-
sessed in clinical practice by asking the patient if she has 
ever smoked, if she was smoking when she first discovered 
that she was pregnant, if she has smoked in the past week 
(i.e., current smoking), and for a current smoker, how many 
cigarettes she smokes per day or week. There is an important 
role obstetrician/gynecological (OB/GYN), pediatrics, and 
primary-care providers to provide supportive counseling for 
women who are able to quit during pregnancy to help them 
prepare for postpartum stressors that may trigger relapse, 
and continue to encourage quit attempts in the context of 
their child(ren)’s health.

As pregnant and lactating women have traditionally been 
excluded from intervention and pharmacotherapy trials, the 
use and potential consequences of smoking cessation treat-

Table 15.3  Evidence-based tobacco cessation pharmacotherapy and behavior counseling interventions and adaptations shown to be effective in 
special populations. (Adapted from the PHS Guidelines [5])
Population Pharmacotherapy Behavior counseling
Hospitalized patients Patch is most common Counseling and education (with at least 1 month of 

follow-up)
Cardiovascular diseases Patch, gum, inhaler, bupropion Psychosocial interventions, exercise
Pulmonary diseases (e.g., COPD) NRT (patch and inhaler), bupropion Behavior cessation counseling, behavioral relapse prevention
Cancers Any of the 3 general classes of cessation 

medications (NRT, bupropion, varenicline) 
should be considered

Motivational interviewing, behavior cessation counseling, 
ideally initiated in the preoperative period prior to major 
oncological surgery and continued in the postoperative 
period

Pregnant women Mounting evidence that NRT shown to be 
safe/effective, but more research is needed

Behavior cessation counseling, education

Disabilities No RCTs conducted No RCTs conducted
Depression Bupropion, nortriptyline Behavior cessation counseling
Severe mental illness (schizophre-
nia, bipolar disorder)

Varenicline, bupropion Behavior cessation counseling with motivational enhance-
ment therapy; specific counseling adaptations have not been 
tested

Substance use disorders (includ-
ing alcohol)

Any of the cessation medications should be 
considered; varenicline requires monitoring 
for potential neuropsychiatric side effects

Behavior cessation counseling

LGBTQ Bupropion or nicotine patch (when com-
bined with behavior cessation counseling)

Non-tailored intensive behavior counseling combined with 
pharmacotherapy (when combined with pharmacotherapy)

Low SES/limited formal 
education

Patch specifically shown effective Behavior cessation counseling, motivational interviewing, 
telephone counseling

Racial/ethnic minoritiesa Bupropion (AA), nicotine patch (AA, H) In person and phone; motivational interviewing, behavior 
counseling, tailored self-help/education, biofeedback (AA 
only), clinician advice

Light or intermittent smokers No RCTs conducted Behavior cessation counseling
COPD chronic obstructive pulmonary disease; LGBTQ lesbian, gay, bisexual, transgender, and questioning; RCT randomized clinical trial; AA 
African-American; H Hispanic; NRT nicotine replacement therapies; SES socioeconomic status
a No RCTs (medication) have been conducted specifically for American Indians/Alaska Natives, and no RCTs (medication or behavioral counsel-
ing) have been conducted specifically for Asian/Pacific Islanders
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ments in this population are not well understood. It is strongly 
believed that certain pharmacotherapies, particularly NRTs, 
would be less harmful than would be continued smoking, 
but there is currently insufficient evidence to suggest that 
NRT significantly increases cessation rates or improves birth 
outcomes [22]. Much more research is needed in this area; 
therefore, as of 2008 the PHS Guidelines strongly recom-
mend increased psychosocial support for women throughout 
a pregnancy and postpartum [5]. As with the general popula-
tion, community cessation resources or the state quitline are 
important referrals that should be provided.

Patients with Disabilities An emerging trend of increased 
smoking prevalence among populations with disabilities 
(i.e., any self-reported limitation in vision, hearing, cogni-
tion, movement, or activities of daily living) has been draw-
ing attention of researchers, as the smoking rates approach/
exceed 23 % compared to 17 % of individuals without a dis-
ability [3]. As this is a relatively new observation, random-
ized-controlled trials evaluating behavioral or pharmacolog-
ical interventions for smoking cessation among these popu-
lations have not yet been conducted. However, given that 
these populations are more likely to seek regular medical 
care, it behooves health-care providers to be at the first line 
of intervention using the interventions outlined above by, at 
a minimum, asking about tobacco use, offering assistance 
with pharmacotherapy, connecting patients with additional 
resources, and following up at subsequent health-care visits.

Mental Health Populations

Smoking rates among people with a current or past mental 
health disorder are more than double the rates in the general 
population (> 40 % vs. 17 %), particularly among those with 
schizophrenia and/or substance use (66–90 %). Individuals 
with psychiatric conditions account for nearly half of the an-
nual tobacco-attributable deaths in the USA, and psychiatric 
patients who smoke die on average 25 years earlier than the 
general population. Many health-care providers feel that they 
do not have the time or skills to address their patients’ nicotine 
addiction. Given that smoking cessation can induce a variety 
of acute psychological effects, including agitation, irritability, 
and negative mood, it is important for medical providers to 
assess psychiatric patients’ mental status (e.g., severity, sta-
bility) when discussing smoking cessation. Numerous stud-
ies have demonstrated that treating tobacco dependence does 
not interfere with treatment of other substance use, including 
alcohol and illicit substances, and may even improve mental 
health in the case of other conditions, such as depression.

As with medical conditions, health-care providers are 
sometimes hesitant to add smoking cessation pharmacother-
apy to the often tenuous balance of psychiatric medications. 

However, a recent study found that patients with severe 
mental illness (i.e., schizophrenia and bipolar disorder) as-
signed to behavioral counseling plus varenicline had higher 
abstinence rates than those in the placebo group; they also 
reported fewer psychiatric symptoms and serious adverse 
events. Moreover, these patients benefited even more from 
long-term (52 weeks) treatment [7]. These findings indicate 
that, contrary to common beliefs, psychiatric patients can be 
safely and effectively treated for nicotine dependence using 
a combination of behavioral counseling and pharmacothera-
py, when their psychiatric symptoms are relatively stable. Of 
note, cigarette smoking can affect the metabolism of many 
psychotropic drugs (e.g., clozapine, fluvoxamine, olanzap-
ine, haloperidol), usually by increasing clearance of these 
drugs from the body via the induction of hepatic cytochrome 
P450 enzymes (primarily CYP1A2). Therefore, smokers 
taking psychotropic medication that interacts with smoking 
may require higher dosages than nonsmokers. Conversely, 
once patients have quit smoking, they may require reduction 
in the dosage of an interacting medication.

Light and Intermittent Smokers

Between the increasing cost of cigarettes and the general 
recognition of the need to quit, a larger proportion of smok-
ers have reduced their consumption and are smoking fewer 
cigarettes per day. There are many definitions in research 
and clinical practice of “light” or “intermittent” smokers, in-
cluding individuals who smoke fewer than 10 cigarettes per 
day, fewer than 40 cigarettes per week, or individuals who 
only smoke in certain situations (e.g., “social smokers”). Re-
gardless, individuals classified as light or intermittent smok-
ers are not necessarily any less dependent on cigarettes and 
may require just as much help in quitting; in fact, research 
demonstrates that light smokers place greater value on each 
cigarette and de-emphasize the health consequences associ-
ated with light smoking. Contrary to popular belief, light 
and intermittent smoking confer risk for the same diseases 
as heavier smoking, including cardiovascular diseases, pul-
monary dysfunction, lung and other cancers, and smoking-
attributable complications of current chronic medical condi-
tions, compared to individuals who have never smoked [23].

As such, it is still critical to identify these smokers, typi-
cally using a behavior-based question such as, “Have you 
used a tobacco product in the past 30 days?” rather than 
a labeling question such as, “Are you a smoker?” because 
many individuals who might be classified as light and inter-
mittent smokers are unlikely to self-identify as such. Once 
recognized, it is important to strongly urge them to quit and 
to provide counseling treatment interventions using the same 
techniques as outlined above, with a particular emphasis on 
dispelling the beliefs about the relative safety of light or in-
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termittent smoking. Behavioral counseling is the first-line 
treatment for light and intermittent smokers, but research is 
currently being conducted to evaluate the safety and efficacy 
of pharmacotherapy in light smokers.

Current Issues in Tobacco Treatment

The Potential of e-Cigarettes As a Treatment 
Strategy

Since their initial introduction to the USA in 2007, use of 
electronic nicotine delivery systems (ENDS), better known 
as electronic or e-cigarettes, has been rising dramatically 
while the research, clinical, and public health communi-
ties are struggling to evaluate their safety and efficacy. The 
term “e-cigarette” is slightly misleading, as these devices 
have more in common with pipes or inhalers (i.e., devices 
loaded with a drug). While there is no single definition of 
an e-cigarette, the devices recognized in this class typically 
comprise three components: the delivery device itself, a car-
tridge, and the contents or solutions to fill the cartridge. The 
solutions most often contain nicotine, though non-nicotinic 
solutions are also available, and many come in appealing fla-
vors. Refillable e-cigarette cartridges are sold with, on aver-
age, around 20 mg of nicotine (compared to approximately 
10 mg of nicotine in a traditional cigarette); however, when 
consumers refill their own cartridges the concentration of 
nicotine can be much higher and therefore maintain a stron-
ger addiction.

Are ENDS Effective Aids to Smoking Cessation? Very little 
is known regarding the safety of e-cigarettes and conse-
quences of long-term use. Initial evidence has demonstrated 
that e-cigarettes expose users to fewer carcinogens than 
do traditional cigarettes. This is not to say that e-cigarettes 
are without risk: Recent studies have demonstrated that the 
majority of e-cigarettes produce at least minimally detect-
able levels of carcinogens, and laboratory studies demon-
strate that e-cigarettes induce physiological pulmonary reac-
tions similar to the effects observed in cigarette smokers 
[24]. Long-term follow-up studies have yet to be conducted 
to assess the safety of extended e-cigarette use.

The clinical utility of e-cigarettes remains to be deter-
mined, and, as a result, the FDA has proposed to extend its 
tobacco authority to include e-cigarettes as drug delivery de-
vices rather than as therapeutic agents (as of date this chapter 
was sent to press). Regardless, more and more smokers are 
turning to e-cigarettes to aid in cessation. At this time, the 
few randomized-controlled trials of e-cigarettes for cessa-
tion found that participants using e-cigarettes had equivalent 
abstinence rates to participants using the nicotine patch [25]. 
On the other hand, an observational study of individuals 

who utilized state tobacco quitlines found that individuals 
who used an e-cigarette were less likely to be abstinent at 6 
months than those who did not use an e-cigarette [26].

Public Health Concerns There are several major clinical 
and public health concerns regarding the use of e-cigarettes 
[24]. First, there is concern that these devices will encourage 
dual use, that e-cigarettes will serve as a “bridge” between 
cigarettes when individuals are unable to smoke (e.g., during 
working hours), rather than replacing cigarettes with e-cig-
arette use. Health-care providers should educate patients 
about the risk for dual-use and warn against the possibility of 
increased nicotine dependence with dual use. Second, these 
technological and flavorful devices are appealing to ado-
lescents and young adults, and because of the current lack 
of regulatory structure these devices are readily available 
and do not have minimum age limits for purchase. Third, 
it reintroduces smoking as an acceptable behavior, thus “re-
normalizing” cigarette use in society, directly contrary to the 
past 50 years of public health efforts. Therefore, until more 
research and guidelines are available on the clinical util-
ity of e-cigarettes, health-care providers should continue to 
use only evidence-based and FDA-approved treatments for 
their smoking patients and, given how much is still unknown 
regarding the safety and quality control of e-cigarettes, cau-
tion patients regarding their use.

Alternative Tobacco Products

As rates of cigarette smoking are decreasing, rates of use 
of other tobacco products is on the rise. These products are 
similar to e-cigarettes in that many people view these prod-
ucts as safer than traditional cigarettes. Users may not clas-
sify themselves as smokers or tobacco users and thus may 
be more difficult to identify. Moreover, looser regulation can 
cause additional concern, particularly in regards to youth 
access. Fortunately, many of the same cessation treatment 
strategies may be employed for patients who use these prod-
ucts, particularly education regarding the negative health ef-
fects of continued use and supportive counseling strategies.

Smokeless Tobacco The rates of use of smokeless tobacco 
products, including snuff, chew, and snus have increased 
significantly in recent years. Many smokers use smoke-
less tobacco products as a way to reduce their cigarette 
consumption, as these products are taxed at far lower rates 
than cigarettes, and they may use these products as a bridge 
between cigarettes in situations in which they cannot smoke 
(e.g., during work hours). Similar to e-cigarettes, these prod-
ucts are often viewed as potential “harm reduction” thera-
peutics. While switching to smokeless tobacco decreases 
risk of developing some diseases (e.g., lung cancer), it also 
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increases risk for others (e.g., oral cancer). Many of the same 
behavioral counseling strategies, as well as pharmacotherapy 
(especially varenicline) may be used to increase quit rates 
among smokeless tobacco users [27].

Water Pipes (Hookah) The use of water pipe tobacco smok-
ing, commonly in the form of Hookah, is especially popu-
lar among youth, women, and minorities. It is commonly 
believed that, because it is water vapor, water pipes are safe 
and nonaddictive. In fact, one session of water pipe use 
is equivalent to smoking up to 50 cigarettes [28]. Though 
much of the research in this field is preliminary, most studies 
conducted thus far examining the negative health effects of 
water pipe smoking have found that water pipe use is associ-
ated with increased rates of lung cancer, respiratory diseases, 
and OB/GYN concerns (e.g., low birth weight) [29]. Cur-
rently, there are no published interventions for water pipe 
cessation treatment. Therefore, it is important to assess for 
water pipe use, provide education about the negative health 
effects of use, and encourage users to quit.

The ACA and Tobacco Cessation Treatment

Tobacco Cessation Benefits A major component of the ACA 
is recognition of the importance of chronic disease preven-
tion to reduce health-care costs by providing preventive ser-
vices at no or low cost to patients; tobacco cessation is espe-
cially emphasized for the primary prevention of chronic dis-
ease. In line with this mission, the ACA includes increased 
coverage for tobacco dependence treatments (medications 
and counseling) under Preventive Services and Essential 
Health Benefits, which include all preventive services rec-
ommended with an “A” or “B” rating by the US Preventive 
Services Task Force (USPSTF) like those identified in the 
PHS Tobacco Guidelines. Moreover, everyone is required to 
have health insurance, and patients currently without private 
insurance are eligible for coverage through health insur-
ance marketplace exchanges. The Department of Health 
and Human Services issued a Frequently Asked Questions 
(FAQ) guidance document (May 2014) to translate the USP-
STF recommendation into insurance coverage policy. For 
both private and marketplace insurance providers to be in 
compliance with the ACA requirement, plans must cover 
tobacco screening, counseling (phone, group, and individ-
ual), and all seven FDA-approved medications without cost 
sharing, i.e., no co-pays, coinsurance, or deductibles. The 
FAQ provided only an example for length and frequency of 
counseling services that should be covered: at least two ces-
sation attempts per year, with one attempt viewed as “four 
cessation counseling sessions of at least 10 min each, with-
out prior authorization.” However, based on a report released 
on March 31, 2015, by the American Lung Association, only 

17.2 % of marketplace plans indicated full coverage of all 
seven cessation medications.

Of note, new grants are available for implementation of 
community services to make available preventive services 
like smoking cessation and other preventive services includ-
ing physical activity, healthy diet, and emotional wellness. 
Please see the resources section at the end of this chapter for 
a list of websites that will provide more information regard-
ing ACA tobacco cessation coverage information.

Required Reporting of Tobacco Treatment Use To assess 
implementation and progress of the ACA, providers will be 
required to report the percentage of individuals who are (1) 
assessed for smoking status within the past 24 months and (2) 
received a smoking cessation intervention if determined to 
be a current tobacco user. To assist in tobacco use and treat-
ment reporting, the following recommendations are offered: 
(1) record smoking status in a form (rather than in free text) 
in the Electronic Health Record (EHR), (2) include smoking 
status as a vital sign; (3) use alerts to remind staff to record 
smoking status and offer cessation interventions,(4) enroll 
all health-care providers in documenting smoking status, 
(5) develop a protocol for offering tobacco cessation inter-
ventions (e.g., referral to a state quitline), and (6) increase 
physician comfort with cessation pharmacotherapies and/or 
provide resources within the EHR.

ACA Impact on Special Populations: Medicaid Cover-
age Under the ACA, tobacco cessation treatment is man-
dated to be covered for all Medicaid and Medicare patients. 
As of January 1, 2014, all state Medicaid programs are 
required to support all FDA-approved tobacco cessation 
pharmacotherapies without requiring co-pays or other finan-
cial barriers. Given that Medicaid and uninsured patients are 
of lower socioeconomic status, tend to have less education, 
and comprise greater proportions of minority populations, 
these new requirements ensure that a greater proportion of 
the population with higher rates of tobacco use, as discussed 
above, will now be covered. Medicare patients will now be 
offered an annual wellness visit designed to increase the 
amount of time health-care providers can spend addressing 
preventive measures such as tobacco cessation rather than 
simply treating acute presenting problems.

ACA Impact on Pregnant Women Another patient population 
that has newly expanded coverage under the ACA is preg-
nant women. Prior to the ACA, fewer than half of Medicaid 
programs included tobacco treatment (either medication or 
counseling) for pregnant women. Since the signing of the 
ACA in 2010, the ACA has covered tobacco cessation treat-
ment for all pregnant women at no cost to the patient—100 % 
of the programs cover medication, and nearly 85 % of them 
cover behavior counseling services.
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Overall, it appears as though the ACA will bring about 
positive changes for tobacco use treatment on many fronts. 
The ACA includes increased coverage of both pharmaco-
therapy and counseling services for important populations 
who smoke at higher rates and require more assistance in 
quitting smoking. Unfortunately, the exact parameters of 
coverage are still unclear; time will tell if the new coverage 
of cessation treatment will in fact increase utilization of to-
bacco dependence treatment and overall cessation rates.

Conclusion

Rates of tobacco use have stagnated over the past decade, 
and there are substantial disparities in tobacco use among the 
US population. It is important for health-care providers at all 
levels of care to be mindful of subgroups who smoke at high 
rates, experience greater difficulty quitting, and who have low 
access to effective treatment, as well as be familiar with appro-
priate techniques, strategies, and pharmacotherapies for cessa-
tion of cigarettes and other tobacco products. This includes be-
havioral counseling techniques for individuals who are willing 
to quit, not ready to quit, or recently quit, as well as specific 
adaptations for populations with comorbid medical and psy-
chiatric illnesses that are often seen in primary-care settings. 
Finally, understanding how the field of tobacco cessation is 
changing with the advent of e-cigarettes, the rise of other to-
bacco products, and the ACA is critical for continuing to de-
crease smoking rates in the USA as an important strategy to 
prevent and decrease chronic disease morbidity and mortality.

Resources

Smoking Cessation Resources 

1. National quitline:
a. 1-800-QUIT-NOW (1–800-784–8669)
b. 1-855-DÉJELO-YA (1-855-335-3569)

2. www.smokefree.gov
3. SmokefreeTXT: http://smokefree.gov/smokefreetxt
4. QuitSTART
5. NCI QuitPal

ACA Resources 

1. www.healthcare.gov
2. US Department of Health and Human Services FAQ doc-

ument (See Q5 in FAQ Part XIX for Tobacco coverage): 
http://www.dol.gov/ebsa/faqs/faq-aca19.html

3. American Academy of Family Physicians (AAFP): http://
www.aafp.org/home.html

 For a succinct description of current provisions and cov-
erage, including insurance coding references, the AAFP 
has compiled a summary of cessation benefits provided, 

organized by plan (http://www.aafp.org/patient-care/
public-health/tobacco-nicotine/ask-act/coding-reference.
html, last accessed March 2015). At the time of press, the 
AAFP site contained more cessation coverage informa-
tion than could be accessed on www.healthcare.gov

4. State Health Insurance Marketplace Plans: New Opportu-
nities to Help Smokers Quit, American Lung Association 
report (March 31, 2015): http://www.lung.org/assets/docu-
ments/publications/other-reports/state-health-insurance-
opportunities.pdf

Disclosures The authors have no conflicts of interest to dis-
close.
Dr. Hitsman receives medication and placebo free of charge 
from Pfizer for use in ongoing National Institutes of Health 
supported clinical trials; Dr. Hitsman has also served on a 
scientific advisory board for Pfizer.

References

 1. USDHHS. How tobacco smoke causes disease: the biology and 
behavioral basis for smoking-attributable disease: a report of the 
Surgeon General. Rockville, MD, Washington, DC: United States 
Department of Health and Human Services, Public Health Service; 
2010.

 2. USDHHS. The Health Consequences of Smoking—50 Years of 
Progress: a Report of the Surgeon General, 2014. Atlanta, GA: 
United States Department of Health and Human Services, Centers 
for Disease Control and Prevention, National Center for Chronic 
Disease Prevention and Health Promotion, Office on Smoking and 
Health; 2014.

 3. Jamal A, Agaku IT, O’Connor E, King BA, Kenemer JB, Neff L. 
Current cigarette smoking among adults—United States, 2005–
2013. Morb Mortal Wkly Rep. 2014;63(47):1108–12.

 4. Stead LF, Bergson G, Lancaster T. Physician advice for smoking 
cessation. Cochrane Database Syst Rev. 2008;16(2):CD000165.

 5. Fiore M, Jaén C, Baker T, et al. Treating tobacco use and depen-
dence: 2008 update. Rockville: United States Department of Health 
and Human Services; 2008.

 6. MacPherson L, Tull MT, Matusiewicz AK, et al. Randomized con-
trolled trial of behavioral activation smoking cessation treatment 
for smokers with elevated depressive symptoms. J Consult Clin 
Psychol. 2010;78(1):55–61.

 7. Evins AE, Cather C, Pratt SA, et al. Maintenance treatment with 
varenicline for smoking cessation in patients with schizophre-
nia and bipolar disorder: a randomized clinical trial. JAMA. 
2014;311(2):145–54.

 8. Singh S, Loke YK, Spangler JG, Furberg CD. Risk of serious 
adverse cardiovascular events associated with varenicline: a sys-
tematic review and meta-analysis. CMAJ. 2011;183(12):1359–66.

 9. Prochaska JJ, Hilton JF. Risk of cardiovascular serious adverse 
events associated with varenicline use for tobacco cessation: sys-
tematic review and meta-analysis. BMJ. 2012;4(344):e2856.

10. Hughes JR. Effects of abstinence from tobacco: valid symptoms 
and time course. Nicotine Tob Res. 2007;9(3):315–27.

11. Carpenter MJ, Ford ME, Cartmell K, Alberg AJ. Misperceptions of 
nicotine replacement therapy within racially and ethnically diverse 
smokers. J Natl Med Assoc. 2011;103(9–10):885–894.

12. Schnoll RA, Martinez E, Tatum KL, et al. Increased self-efficacy 
to quit and perceived control over withdrawal symptoms predict 
smoking cessation following nicotine dependence treatment. 
Addict Behav. 2011;36(1–2):144–7.

http://www.smokefree.gov
http://smokefree.gov/smokefreetxt
http://www.healthcare.gov
http://www.dol.gov/ebsa/faqs/faq-aca19.html
http://www.aafp.org/home.html
http://www.aafp.org/home.html
http://www.aafp.org/patient-care/public-health/tobacco-nicotine/ask-act/coding-reference.html
http://www.aafp.org/patient-care/public-health/tobacco-nicotine/ask-act/coding-reference.html
http://www.aafp.org/patient-care/public-health/tobacco-nicotine/ask-act/coding-reference.html
http://www.healthcare.gov
http://www.lung.org/assets/documents/publications/other-reports/state-health-insurance-opportunities.pdf
http://www.lung.org/assets/documents/publications/other-reports/state-health-insurance-opportunities.pdf
http://www.lung.org/assets/documents/publications/other-reports/state-health-insurance-opportunities.pdf


150 A. J. Carroll et al.

13. Vogt F, Hall S, Marteau TM. Understanding why smokers do 
not want to use nicotine dependence medications to stop smok-
ing: qualitative and quantitative studies. Nicotine Tob Res. 
2008;10(8):1405–13.

14. Fucito LM, Bars MP, Forray A, et al. Addressing the evidence 
for FDA nicotine replacement therapy label changes: a policy 
statement of the Association for the Treatment of Tobacco use 
and Dependence and the Society for Research on Nicotine and 
Tobacco. Nicotine Tob Res. 2014;16(7):909–14.

15. Stead LF, Lancaster T. Behavioural interventions as adjuncts to 
pharmacotherapy for smoking cessation. Cochrane Database Syst 
Rev. 2012;12(12):CD009670.

16. Hughes JR. An updated algorithm for choosing among smoking 
cessation treatments. J Subst Abuse Treat. 2013;45(2):215–21.

17. Heatherton TF, Kozlowski LT, Frecker RC, Rickert W, Robinson 
J. Measuring the heaviness of smoking: using self-reported time to 
the first cigarette of the day and number of cigarettes smoked per 
day. Br J Addict. 1989;84(7):791–9.

18. Lindson-Hawley N, Aveyard P, Hughes JR. Reduction versus 
abrupt cessation in smokers who want to quit. Cochrane Database 
Syst Rev. 2012;14(11):CD008033.

19. Ebbert JO, Hughes JR, West RJ, et al. Effect of varenicline on 
smoking cessation through smoking reduction: a randomized clini-
cal trial. JAMA. 2015;313(7):687–94.

20. Borrelli B. Smoking cessation: next steps for special popula-
tions research and innovative treatments. J Consult Clin Psychol. 
2010;78(1):1–12.

21. Rigotti NA, Clair C, Munafo MR, Stead LF. Interventions for 
smoking cessation in hospitalised patients. Cochrane Database 
Syst Rev. 2012;16(5):CD001837.

22. Coleman T, Chamberlain C, Davey MA, Cooper SE, Leonardi-
Bee J. Pharmacological interventions for promoting smok-
ing cessation during pregnancy. Cochrane Database Syst Rev. 
2012;12(9):CD010078.

23. Schane RE, Ling PM, Glantz SA. Health effects of light and inter-
mittent smoking: a review. Circulation. 2010;121(13):1518–22.

24. Cobb NK, Abrams DB. E-cigarette or drug-delivery device? Regu-
lating novel nicotine products. N Engl J Med. 2011;365(3):193–5.

25. Bullen C, Howe C, Laugesen M, et al. Electronic cigarettes 
for smoking cessation: a randomised controlled trial. Lancet. 
2013;382(9905):1629–37.

26. Vickerman KA, Carpenter KM, Altman T, Nash CM, Zbikowski 
SM. Use of electronic cigarettes among state tobacco cessation 
quitline callers. Nicotine Tob Res. 2013;15(10):1787–91.

27. Ebbert J, Montori VM, Erwin PJ, Stead LF. Interventions for 
smokeless tobacco use cessation. Cochrane Database Syst Rev. 
2011;16(2):CD004306.

28. Cobb C, Ward KD, Maziak W, Shihadeh AL, Eissenberg T. Water-
pipe tobacco smoking: an emerging health crisis in the United 
States. Am J Health Behav. 2010;34(3):275–85.

29. Akl EA, Gaddam S, Gunukula SK, Honeine R, Jaoude PA, Irani J. 
The effects of waterpipe tobacco smoking on health outcomes: a 
systematic review. Int J Epidemiol. 2010;39(3):834–57.



151

16Alcohol Use and Management

Evan Goulding

© Springer International Publishing Switzerland 2016
J. I. Mechanick, R. F. Kushner (eds.), Lifestyle Medicine, DOI 10.1007/978-3-319-24687-1_16

E. Goulding ()
Department of Psychiatry and Behavioral Sciences, Feinberg School 
of Medicine, Northwestern University, Chicago, IL, USA
e-mail: e-goulding@fsm.northwestern.edu

Abbreviations

AUD Alcohol use disorder
AUDIT Alcohol Use Disorders Identification Test
CAGE Cut down, Annoyed, Guilty, Eye opener
HCP Health-care professional
IM Intramuscular
NIAAA National Institute on Alcohol Abuse and Alco-

holism
NIDA National Institute on Drug Abuse
NMDA N-methyl-D-aspartate
NNT Number needed to treat

Alcohol Use and Problems

In the USA, about 80 % of the population drinks at some 
time during their life and about 50 % of the population drinks 
alcohol regularly in any given year [1]. Individuals report a 
variety of reasons for drinking alcohol including celebrating 
special occasions, increased enjoyment of social situations, 
liking the positive feelings induced by use, and experienc-
ing decreased negative feelings [2]. Consumption of alco-
hol may have beneficial or harmful effects depending on 
the amount consumed and individual characteristics. Rela-
tive to abstaining, moderate alcohol use (1–2 drinks daily) 
may slightly decrease morbidity and mortality primarily as 
a result of decreased cardiovascular problems [3, 4]. How-
ever, even light alcohol use (≤ 1 drink daily) increases the 
risk of developing cancer [5], and heavier use (≥ 2–4 drinks 
daily) significantly increases morbidity and mortality [1, 3, 
4]. Overall alcohol use results in substantial public health 
problems: Alcohol consumption is the third leading cause of 

death from modifiable factors and produces significant mor-
bidity and economic costs every year [6, 7].

Continuum of Harm

Problems related to alcohol consumption occur across a 
spectrum that is strongly associated with alcohol use levels 
[8]. As levels of intake increase, the probability of an indi-
vidual developing problems such as an alcohol use disorder 
(AUD; Table 16.1), cirrhosis, seizures, certain types of can-
cer, hypertension, stroke, and injuries significantly increases 
[9, 10]. In addition, heavier use is associated with significant 
harm to others as a result of motor vehicle accidents, homi-
cides, domestic violence, child abuse, and childhood neuro-
development disorders [11–14]. It is important to note that 
the majority of these alcohol-related harms occur in drinkers 
who do not meet criteria for an AUD [11, 15, 16].

This important fact combined with the prevalence of al-
cohol use highlights the importance of screening for and ad-
dressing the risks of alcohol use in all individuals seeking 
medical treatment. In addition, AUD is not an acute illness. 
Progression from initial alcohol use to the development of 
AUD typically takes years, and even after diagnostic crite-
ria for AUD are met, symptom severity often increases over 
time [17, 18]. Thus, the health-care professional (HCP) has 
an opportunity to intervene at early stages of alcohol use to: 
(1) reduce harm in the absence of AUD, (2) prevent devel-
opment of AUD, and (3) decrease progression to more se-
vere AUD. Because of these opportunities, the concept of 
addressing the entire continuum of unhealthy alcohol use 
(Table 16.2) is replacing the disease-oriented model that fo-
cuses on identifying and treating individuals who meet crite-
ria for AUD [4, 7, 8, 19].
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Screening and Intervention

As a result of this disease model shift, increasing efforts are 
underway to provide screening and intervention earlier in 
the process of alcohol use. Since primary-care physicians 
are frequently the only medical professionals that individu-
als with unhealthy drinking encounter, the primary-care 
setting has been the main focus for the development of in-
terventions to identify and treat unhealthy alcohol use that 
has not progressed to AUD [16, 20, 21]. These interventions 
are typically delivered by a primary-care physician during 
a standard consultation to drinkers who are seeking general 
medical care but not treatment for their alcohol use. The 
style of counseling is based on motivational interviewing: 
The primary-care physician in this case utilizes therapeutic 
empathy, feedback of risk, deals with ambivalence, assesses 
motivation to change, emphasizes patient responsibility and 
self-efficacy, and provides a menu of specific strategies to 
reduce alcohol use. However, brief interventions tend to be 
distinct from standard motivational interviewing as the pri-
mary-care physician utilizes clear directive advice to reduce 
alcohol consumption. Brief interventions also draw on cog-
nitive behavioral therapy and general education strategies by 
utilizing contracting, goal setting, and written materials such 
as self-help manuals [22].

The time demands on primary-care physicians have driv-
en an effort to make interventions efficient and time limited. 
As a result, these interventions are brief. A single short in-
tervention (5–15 min) can be effective; however, multiple 
contact interventions with 2–4 short sessions (5–15 min) 
seem to be more effective [16, 21]. The emphasis is on in-
creased patient insight and awareness of risk that leads to 
patient establishment and self-management of a reduced al-
cohol intake goal. A harm reduction goal of reduced intake is 
typically encouraged as opposed to a goal of abstinence that 
is more commonly recommended for individuals with AUD 
[19–21, 23]. For individuals in the primary-care setting who 
also meet criteria for AUD, brief intervention can still be de-
livered; however, a goal of abstinence is recommended and a 
referral to further treatment is provided [19–21, 23].

Brief interventions for unhealthy drinking in the absence 
of AUD are among the most cost-effective preventive ser-
vices delivered in the primary-care setting with economic 
savings similar to screening for colorectal cancer and hyper-
tension [24]. Compared with controls, drinkers receiving a 
brief intervention are twice as likely to moderate their drink-
ing at 6–12 months [25] and significantly reduce alcohol in-
take by about four drinks per week at follow-up periods of 
12 months or more [16, 21, 26]. In addition, the provision 
of brief interventions significantly decreases the  proportion 

Table 16.1  Alcohol use disorder (DSM V)
Maladaptive pattern or use leading to clinically significant impairment or distress
Two or more of the following within a 12-month period
Recurrent use resulting in a failure to fulfill major role obligations at work, school, or home DSM IV Alcohol Abuse
Recurrent use resulting in social or interpersonal problems
Recurrent use in physically hazardous situations
Craving, strong desire, or urge to use
Often taken in larger amounts or over longer period than intended DSM IV Alcohol Dependence
Continued use despite knowledge of recurrent physical or psychological problems caused by use
Persistent desire or unsuccessful efforts to cut down or control use
Great deal of time spent in activities to obtain use or recover from effects
Important social, occupational, or recreational activities given up or reduced due to use
Tolerance
Withdrawal
Severity: mild 2–3 symptoms, moderate 4–5 symptoms, severe ≥ 6 symptoms

DSM IV & V Diagnostic and Statistical Manual of Mental Disorders, 4th Edition

Table 16.2  Unhealthy alcohol use [8, 19]
Category of use Definition
At-risk or hazardous drinking Men < 65 years old: > 4 drinks/day or > 14 drinks/week

Men > 65 years old: > 3 drinks/day or > 7 drinks/week
Women any age: > 3 drinks/day or > 7 drinks/week

Harmful or problem drinking Presence of harm related to alcohol use in the absence of meeting criteria for alcohol use disorder
Alcohol use disorder Mild Meeting criteria for alcohol use disorder (see Table 16.1)

Moderate
Severe
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of individuals whose intake exceeds recommended levels 
[21]. While reductions in alcohol intake are the most com-
monly measured outcome in brief intervention studies, other 
outcomes have been examined, including reduced morbid-
ity and mortality resulting from motor-vehicle crashes, falls, 
suicide attempts, domestic violence, assaults, and child 
abuse [11, 27]. Overall, brief interventions are among the 
best supported treatment for alcohol use problems [28].

Recommended Limits

Although there is no single threshold between safe and un-
safe alcohol intake, internationally recognized guidelines 
have been established that address both maximum daily use 
(i.e., heavy or binge drinking) and average weekly consump-
tion limits [15, 29]. The National Institute on Alcohol Abuse 
and Alcoholism (NIAAA) suggests that to avoid the risk of 
harm: men  < 65 years old drink no more than 4 drinks/day 
and no more than 14 drinks/week; women of any age and 
men ≥ 65 years old drink no more than 3 drinks/day and no 
more than 7 drinks/week [23]. A standard drink is defined 
as 14 g of absolute ethanol (12 ounces of beer, 5 ounces of 
wine, and 1.5 ounces of distilled spirits). Drinking above the 
NIAAA levels is likely to result in harm and is frequently de-
fined as hazardous or at-risk use [19, 21, 30]. The American 
Heart Association also suggests limiting intake to an average 
of 1–2 drinks/day for men and 1 drink/day for women, which 
is consistent with the NIAAA weekly limits. Moderate alco-
hol use (1–2 drinks daily) may slightly decrease morbidity 
and mortality primarily as a result of decreased cardiovas-
cular problems [3, 4]. However, even light alcohol use (≤ 1 
drink daily) increases the risk of developing cancer [5], and 
heavier use (≥ 2–4 drinks daily) significantly increases mor-
bidity and mortality [1, 3, 4]. Given these and other risks, 
the American Heart Association cautions that, if they do not 
already drink alcohol, people should not start drinking for 
the purported cardiovascular benefits of alcohol.

A category of harmful or problematic use, defined as use 
that has already resulted in adverse mental or physical ef-
fects but that does not meet criteria for AUD, has also been 
described [19, 21, 30]. Using these definitions, the full spec-
trum of alcohol misuse includes at-risk or hazardous use, 
harmful or problematic use, and use in the presence of AUD 
(Table 16.2). In the USA, about 20 % of the population ex-
ceeds the NIAAA-recommended alcohol intake guidelines 
without meeting criteria for an AUD and can be described 
as exhibiting at-risk or harmful drinking (Fig. 16.1) [19, 23]. 
A smaller proportion of the population (~ 8 %) meets criteria 
for an alcohol use disorder and also typically exceeds the 
NIAAA-recommended limits [19, 23, 31, 32]. Although a 
substantial proportion of the population is engaged in un-
healthy alcohol use, most of these individuals do not rec-
ognize that they have a problem nor do they seek treatment 

highlighting the need for effective screening and interven-
tion [33].

Brief Intervention

Brief interventions for drinking are time-limited, patient-
centered counseling strategies that focus on assisting people 
to reduce their drinking. Numerous studies support the effi-
cacy and cost-savings resulting from these interventions [11, 
16, 21, 24–27, 34]. Adults receiving brief (10–15 min) multi-
contact behavioral interventions decrease their consumption 
by 13–34 % more than controls (2.4–4.8 fewer drinks than 
controls) [21, 35]. In addition, among adults receiving these 
interventions, 12 % fewer adults report heavy drinking epi-
sodes and 11 % more adults report drinking less than the sug-
gested limits [21, 35].

The exact nature of brief interventions varies somewhat 
across studies, but a set of general features characterizing 
brief interventions includes: (1) being directed at drinkers 
who do not have AUD, (2) being delivered by a primary-
care HCP, (3) having a goal of reduced drinking as opposed 
to total abstinence, (4) addressing level of motivation to 
change drinking patterns, and (5) being patient self-directed 
[34]. An empathic professional behavior combined with an 
expression of nonjudgmental concern, a discussion of drink-
ing likes/dislikes, and of life goals may increase patient en-
gagement [36]. Clear, direct advice to reduce or stop drink-
ing is provided along with a clarification of drinking norms 
and patient specific adverse effects. The use of (1) mutual 

Fig. 16.1  Abstainers report no alcohol consumption in the past month 
or drink < 12 drinks a year. Low-risk drinkers report consuming alco-
hol below the daily and weekly NIAAA limits. Problem drinkers report 
consuming alcohol above the daily and/or weekly NIAAA limits but 
do not meet Diagnostic and Statistical Manual of Mental Disorders, 
4th Edition, Text Revision (DSM-IV-TR) criteria for an alcohol use 
disorder. Almost all individuals in the 8 % of the population who meet 
criteria for an alcohol use disorder in the last 12 months drink above 
the daily and/or weekly NIAAA limits. NIAAA National Institute on 
Alcohol Abuse and Alcoholism. [23, 41]
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goal  setting, (2) encouragement of a personal plan to reduce 
drinking, (3) a self-help booklet, (4) drinking dairy cards, 
and (5) follow-up phone calls or visits are also common fea-
tures of brief interventions [20, 21, 30, 34, 37]. Screening and 
brief intervention guidelines suggest a standard approach for 
assessing and managing problem drinking and alcohol use 
disorders [23, 38]. This approach can be described by the “5 
As of intervention” (Table 16.3) which reflects the different 
brief intervention strategies described in the literature [16, 
19, 20, 23, 30, 34, 36, 38].

Ask

A prescreening question about any alcohol use provides a 
simple way to initiate a conversation (“Do you sometimes 
drink beer, wine, or other alcoholic beverages?”). Incorpo-
rating questions about alcohol consumption with questions 
about other health habits (diet, exercise, and/or smoking) 
may decrease defensiveness about drinking. In the event 
of alcohol use, a single-question screen to detect five plus 
drinks a day for men or four plus drinks a day for women 

can be used (5+/4+: “In the past year, how many times have 
you had 5/4 or more drinks a day?”). Alcohol use at this level 
one or more times a year indicates a positive screen that pro-
vides good sensitivity and specificity for detecting unhealthy 
drinking [19, 39]. In the case of a positive screen, additional 
questions concerning weekly alcohol intake should be asked 
to determine the average frequency and quantity of alco-
hol consumption (“On average, how many days a week do 
you have an alcoholic drink?”, “On a typical drinking day, 
how many drinks do you have?”). During screening, pre-
senting a chart describing what constitutes a standard drink 
may be helpful. Additional questions from the widely used 
Cut down, Annoyed, Guilty, Eye opener (CAGE) screen-
ing test, which is focused on symptoms of AUD can also 
be used by the screening HCP [40] (Table 16.4). In clinics 
with a more formal screening protocol, patients are often 
requested to complete a written self-report such as the Al-
cohol Use Disorders Identification Test (AUDIT) [41] prior 
to seeing their primary-care HCP. This 10-question survey 
covers domains of at-risk and harmful use, as well as AUD 
symptoms (Table 16.5). It has been used in a number of brief 
intervention research studies [19, 30, 42]. In the presence 

Table 16.3  5 As of brief intervention
Ask: Screen for use
• Do you sometimes drink beer, wine, or alcohol?
• In the past year, how many times have you had five or more drinks in a day?
Advise: Provide strong direct personal advice to change
• Empathic, non-confrontational feedback on drinking pattern and consequences
• Relate consequences to current health, family, social, and legal issues
• State concern and recommend change
Assess: Determine willingness to change
• Discuss drinking likes and dislikes
• Discuss life goals
• Discuss how willing and what willing to change
• Agree on a mutually acceptable goal
Assist: Help patient make a change if ready
• Mutually set specific goals (how many days, how many drinks)
• Encourage a written risk reduction agreement (“Rx”)
• Provide techniques (diary cards, pace, space, switch, include food)
• Identify high-risk situations
• Identify supporters (family and friends)
• Self-help manual
Arrange: Reinforce change effort with follow-up
• Follow-up appointment
• Supportive telephone consult
• Referral to specialty treatment

Table 16.4  CAGE questions [40]
Cut down “Have you ever felt you ought to cut down on your drinking?”
Annoyed “Have people annoyed you by criticizing your drinking?”
Guilty “Have you ever felt bad or guilty about your drinking?”
Eye opener “Have you ever had a drink first thing in the morning to steady your nerves or get rid of a hangover?”

  

  



15516 Alcohol Use and Management

Ta
bl

e 
16

.5
  A

lc
oh

ol
 U

se
 D

is
or

de
rs

 Id
en

tifi
ca

tio
n 

Te
st

 (A
U

D
IT

)
Q

ue
st

io
ns

0
1

2
3

4
Sc

or
e

1.
 H

ow
 o

fte
n 

do
 y

ou
 h

av
e 

a 
dr

in
k 

co
nt

ai
ni

ng
 a

lc
oh

ol
?

N
ev

er
M

on
th

ly
 o

r l
es

s
2–

4 
tim

es
 a

 m
on

th
2–

3 
tim

es
 a

 w
ee

k
4 

or
 m

or
e 

tim
es

 a
 w

ee
k

2.
 H

ow
 m

an
y 

dr
in

ks
 c

on
ta

in
in

g 
al

co
ho

l d
o 

yo
u 

ha
ve

 o
n 

a 
ty

pi
ca

l 
da

y 
w

he
n 

yo
u 

ar
e 

dr
in

ki
ng

?
1 

or
 2

3 
or

 4
5 

or
 6

7 
to

 9
10

 o
r m

or
e

3.
 H

ow
 o

fte
n 

do
 y

ou
 h

av
e 

si
x 

or
 m

or
e 

dr
in

ks
 o

n 
on

e 
oc

ca
si

on
?

N
ev

er
Le

ss
 th

an
 m

on
th

ly
M

on
th

ly
W

ee
kl

y
D

ai
ly

 o
r a

lm
os

t d
ai

ly
4.

 H
ow

 o
fte

n 
du

rin
g 

th
e 

la
st

 y
ea

r h
av

e 
yo

u 
fo

un
d 

th
at

 y
ou

 w
er

e 
no

t 
ab

le
 to

 st
op

 d
rin

ki
ng

 o
nc

e 
yo

u 
ha

d 
st

ar
te

d?
N

ev
er

Le
ss

 th
an

 m
on

th
ly

M
on

th
ly

W
ee

kl
y

D
ai

ly
 o

r a
lm

os
t d

ai
ly

5.
 H

ow
 o

fte
n 

du
rin

g 
th

e 
la

st
 y

ea
r h

av
e 

yo
u 

fa
ile

d 
to

 d
o 

w
ha

t w
as

 
no

rm
al

ly
 e

xp
ec

te
d 

of
 y

ou
 b

ec
au

se
 o

f d
rin

ki
ng

?
N

ev
er

Le
ss

 th
an

 m
on

th
ly

M
on

th
ly

W
ee

kl
y

D
ai

ly
 o

r a
lm

os
t d

ai
ly

6.
 H

ow
 o

fte
n 

du
rin

g 
th

e 
la

st
 y

ea
r h

av
e 

yo
u 

ne
ed

ed
 a

 fi
rs

t d
rin

k 
in

 
th

e 
m

or
ni

ng
 to

 g
et

 y
ou

rs
el

f g
oi

ng
 a

fte
r a

 h
ea

vy
 d

rin
ki

ng
 se

ss
io

n?
N

ev
er

Le
ss

 th
an

 m
on

th
ly

M
on

th
ly

W
ee

kl
y

D
ai

ly
 o

r a
lm

os
t d

ai
ly

7.
 H

ow
 o

fte
n 

du
rin

g 
th

e 
la

st
 y

ea
r h

av
e 

yo
u 

ha
d 

a 
fe

el
in

g 
of

 g
ui

lt 
or

 
re

m
or

se
 a

fte
r d

rin
ki

ng
?

N
ev

er
Le

ss
 th

an
 m

on
th

ly
M

on
th

ly
W

ee
kl

y
D

ai
ly

 o
r a

lm
os

t d
ai

ly

8.
 H

ow
 o

fte
n 

du
rin

g 
th

e 
la

st
 y

ea
r h

av
e 

yo
u 

be
en

 u
na

bl
e 

to
 re

m
em

-
be

r w
ha

t h
ap

pe
ne

d 
th

e 
ni

gh
t b

ef
or

e 
be

ca
us

e 
of

 y
ou

r d
rin

ki
ng

?
N

ev
er

Le
ss

 th
an

 m
on

th
ly

M
on

th
ly

W
ee

kl
y

D
ai

ly
 o

r a
lm

os
t d

ai
ly

9.
 H

av
e 

yo
u 

or
 so

m
eo

ne
 e

ls
e 

be
en

 in
ju

re
d 

be
ca

us
e 

of
 y

ou
r 

dr
in

ki
ng

?
N

o
Ye

s, 
bu

t n
ot

 in
 th

e 
la

st
 y

ea
r

Ye
s, 

du
rin

g 
th

e 
la

st
 y

ea
r

10
.  H

as
 a

 re
la

tiv
e,

 fr
ie

nd
, d

oc
to

r, 
or

 o
th

er
 h

ea
lth

-c
ar

e 
w

or
ke

r b
ee

n 
co

nc
er

ne
d 

ab
ou

t y
ou

r d
rin

ki
ng

 o
r s

ug
ge

st
ed

 y
ou

 c
ut

 d
ow

n?
N

o
Ye

s, 
bu

t n
ot

 in
 th

e 
la

st
 y

ea
r

Ye
s, 

du
rin

g 
th

e 
la

st
 y

ea
r

To
ta

l
0–

7 
A

lc
oh

ol
 E

du
ca

tio
n;

 8
–1

5 
A

dv
ic

e,
 B

I; 
16

–1
9 

A
dv

ic
e,

 B
rie

f C
ou

ns
el

in
g,

 M
on

ito
rin

g;
 2

0–
40

 R
ef

er
ra

l

   



156 E. Goulding

of unhealthy drinking, further assessment to determine if an 
AUD is present would then complete a full evaluation of the 
alcohol use spectrum for a given individual.

Advise

In the presence of unhealthy alcohol use, the next step is 
to provide, in an empathic and nonconfrontational manner, 
feedback about the patient’s drinking and its consequences 
along with clear recommendations (“You’re drinking more 
than is medically safe, I strongly recommend that you cut 
down.” “I believe you have a serious alcohol problem and 
strongly recommend that you quit drinking.”). Providing 
feedback about the patient’s drinking pattern in comparison 
to population norms may be helpful (“fewer than 20 % of 
people drink as much as you”) and charts to visualize this 
comparison are available [23, 38]. To the greatest extent 
possible, the consequences of the patient’s drinking should 
be individualized to their use: tied to information discussed 
in their medical interview and related to their current physi-
cal, mental, family, social, and legal concerns. Feedback and 
suggestions for change should be conveyed empathically in 
the context of a HCP conveying health recommendations 
(“As your clinician, I am concerned about how much you 
drink and how it is affecting your health.”). However to re-
spect and maintain patient autonomy, the aim is to provide 
a medical recommendation rather than a directive (“As your 
clinician, I feel I should tell you” rather than “You should”). 
A clear message of a willingness to help should be conveyed 
along with the feedback and recommendations (“I am will-
ing to help.”).

Assess

The provision of feedback and recommendations is then 
followed by an assessment of readiness to change (“Given 
what we’ve talked about, are you willing to consider making 
changes in your drinking?”). Building bridges from individ-
ual alcohol use to personal consequences may improve pa-
tient engagement (“If you keep drinking at your current lev-
els, do you think your goal of improving your grades will be 
easier, harder, or no effect?”) [36]. If the patient is willing to 
make a change, a mutually agreed upon patient-specific goal 
should be negotiated. This might include reducing drinking 
to within the recommended limits, going from daily use to 
use only several times a week, or abstaining for a period of 
time. For patients who meet criteria for AUD, abstinence is 
advised and should be the primary treatment goal. If a pa-
tient is not willing to make a change, concern regarding the 
patient’s drinking health-related consequences and the clini-
cian’s willingness to help should be restated.

Assist

Once a mutually agreed upon goal has been negotiated be-
tween the patient and the HCP, a discussion aimed at devel-
oping an individualized treatment plan for assisting the pa-
tient in achieving the goal should be pursued. The treatment 
plan should include specific steps that the patient will take to 
reduce or quit drinking and provision of tools that the patient 
may choose to use. The clinician can offer the patient edu-
cational handouts on standard drink sizes and limits, alco-
hol-associated harms, and strategies for cutting down or ab-
staining (pacing use, spacing use by including nonalcoholic 
beverages and food, plans to handle urges, engaging in other 
activities, and/or using alcohol money for other items), as 
well as calendars for tracking drinking (a drinking dairy). A 
discussion aimed at identifying situations where the patient 
is likely to have difficulty maintaining their drinking goal 
can be held along with strategies for avoiding or managing 
such situations. The patient can be asked to identify a family 
member or friend who can help them to achieve their goal. 
Patients with AUD should be referred to specialty treatment 
for AUD and encouraged to attend mutual self-help groups. 
A brief written change plan signed by both the patient and 
the HCP can be useful along with the recognition that the 
HCP will check in on treatment plan progress at the next 
visit.

If a patient is not willing to make a change, a discussion 
concerning the perceived benefits of continued drinking ver-
sus those associated with reducing or stopping drinking may 
be used to encourage reflection by the patient about their 
drinking patterns. Any potential barriers to change should be 
elicited and discussed. These discussions should be carried 
out with the recognition by the clinician that ambivalence 
and reluctance to change drinking patterns is common and 
that many patients are unaware of the risks of their alcohol 
use. The provision of information, advice, and discussion of 
drinking patterns may lead the patient to contemplate change 
at a later time.

Arrange

A follow-up appointment should be given to the patient to 
provide reinforcement including further support, feedback, 
and assistance in setting, achieving, and maintaining realistic 
goals. In the context of multi-contact brief interventions, a 
follow-up call might be made after 2 weeks by the physi-
cian or clinic staff to check on progress and a follow-up ap-
pointment might be made in 1 month. With the use of newer 
technology, clinical staff may have the opportunity to email 
or text message patients to check on progress between face-
to-face clinic visits. At the follow-up appointment, it should 
be determined if the patient was able to meet and sustain 
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the drinking goal. If so, the clinician should reinforce and 
support continued adherence, renegotiate drinking goals if 
indicated, and encourage follow-up with at least annual re-
screening. With patients who were unable to meet their treat-
ment goals, it should be acknowledged that change is diffi-
cult, any positive changes should be supported, and barriers 
to reaching the goal should be addressed. The HCP should 
reemphasize a willingness to help, reevaluate the diagnosis, 
treatment plan, and goals, and schedule close follow-up. En-
gaging significant others in the treatment process should be 
considered.

Referral to Treatment

Brief intervention appears most effective for at-risk drinkers, 
may be less effective for drinkers who are already experienc-
ing harm, and may be ineffective for drinkers who meet cri-
teria for AUD [35]. For nontreatment seeking at-risk drink-
ers, brief interventions exhibit a small to medium effect size 
(0.263) over 6–12 months of follow-up and provide a risk 
reduction of about 10 % with a number needed to treat for 
benefit of 10 [21, 34]. In contrast, the effect size over 6–12 
months for brief interventions delivered to treatment seeking 
drinkers is minimal (0.004) [34]. In addition, the presence of 
comorbid anxiety and depressive disorders may reduce the 
effectiveness of brief intervention [35]. Thus, while screen-
ing and brief interventions are an important component of 
managing unhealthy alcohol use, referral to treatment is also 
a mainstay of care and can be addressed in a similar manner 
as less severe unhealthy alcohol use by clearly communicat-
ing conclusions and recommendations in a nonjudgmental 
manner [19]. All patients with an AUD should be offered re-
ferral to treatment as even those who are not ready to begin 
treatment may benefit from referral to a specialist for confir-
mation of diagnoses and recommendations [8].

Specialty treatment of AUD with the goal of achieving 
and maintaining abstinence is effective particularly in the 
case of longitudinal treatments [43]. More extended brief 
treatment in the primary-care setting combined with refer-
ral to specialty care for those who screen positive for AUD 
has been shown to result in decreased frequency of alcohol 
use and drinking to intoxication [33, 44]. However, it is also 
clear that many individuals referred to specialty care often 
do not attend [45]. As a result, attention is shifting to devel-
oping treatments for AUD in primary care that capitalize on 
the ability of primary care to deliver the longitudinal, com-
prehensive, and coordinated care that has been effective in 
the treatment of other chronic diseases such as diabetes and 
hypertension [33, 35, 43–45]. The screening and brief inter-
vention paradigm is also being extended to illicit substances 
(including the use of prescription medications in ways other 
than prescribed), suggesting that the approach to unhealthy 

alcohol use described here may be effectively adapted to ad-
dress illicit substance use in primary-care settings [33, 44].

Pharmacotherapy

The core of treatment for the entire spectrum of unhealthy al-
cohol use rests with psychosocial interventions such as brief 
intervention, motivational interviewing, cognitive behavior-
al therapy, and 12-step facilitation [1]. However, systematic 
reviews and meta-analyses indicate that when used in con-
junction with psychosocial interventions, medications are ef-
fective in enhancing relapse prevention in AUD [46]. To pre-
vent one person from returning to any drinking, the number 
needed to treat (NNT) were 12 for acamprosate and 20 for 
oral naltrexone (50 mg/d) [46]. For return to heavy drinking, 
acamprosate was not associated with improvement, whereas 
oral naltrexone (50 mg/d) was associated with a NNT of 12 
[46]. Acamprosate (N-methyl-D-aspartate (NMDA) modu-
lator) and oral naltrexone (opioid antagonist) have the best 
evidence supporting their benefits in terms of increasing time 
to any drinking or heavy drinking and decreasing the percent 
of drinking days or heavy drinking days [46]. Acamprosate 
is somewhat less convenient to use (3 times daily) than oral 
naltrexone (once daily) and is contraindicated with severe 
renal disease. Naltrexone is contraindicated with acute hepa-
titis, liver failure, and concurrent or anticipated need for opi-
oids. Overall, trials comparing these two medications have 
not established a difference in outcomes between them [46]. 
Factors such as dosing frequency, adverse effects, and avail-
ability of other treatments may therefore guide treatment 
choice. An extended release naltrexone (intramuscular (IM) 
injection) has been shown to increase time to first drink and 
decrease the number of drinking days and may be useful 
where adherence with oral naltrexone is an issue [47]. While 
disulfiram (acetaldehyde dehydrogenase inhibitor) is widely 
used, well-controlled trials do not show overall reductions 
in alcohol intake. However, disulfiram may be effective in 
certain populations, particularly when used under supervi-
sion [46, 47].

The vast majority of data examining pharmacologic treat-
ment for unhealthy alcohol use has been carried out with in-
dividuals who meet criteria for AUD and who are engaged in 
specialty treatment with abstinence as the primary goal [46, 
47]. While the ultimate treatment goal for those with AUD 
is usually stable abstinence promoted by relapse prevention 
in longitudinal specialty care, a clinically significant reduc-
tion in alcohol intake promoted by pharmacologic treatment 
and management in primary care may be a valid intermedi-
ate goal [47, 48]. Limited data suggest that naltrexone may 
be effectively used in the treatment of AUD in primary-care 
settings [45, 49]. In addition, naltrexone has also been used 
to successfully decrease heavy drinking in at-risk and harm-
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ful drinkers who do not meet criteria for AUD [50]. Thus, 
it is possible that naltrexone may be useful when combined 
with brief intervention in primary-care settings to assist at-
risk and harmful drinkers in reducing their drinking levels.

Resources

• National Institute on Alcohol Abuse and Alcoholism 
(NIAAA). Helping Patients Who Drink Too Much: A Cli-
nician’s Guide. Updated 2005 Edition. NIH Publication 
No. 07–3769. Washington, DC: NIAAA, 2007. http://
pubs.niaaa.nih.gov/publications/Practitioner/Clinicians-
Guide2005/guide.pdf.

• National Institute on Drug Abuse (NIDA). Resource 
Guide: Screening for Drug Use in General Medical Set-
tings. Published: April 2009: NIDA, Revised: March 
2012. www.drugabuse.gov/publications/resource-guide.

• National Institute on Drug Abuse (NIDA). Screening for 
Drug Use in General Medical Settings Quick Reference 
Guide. Published: April 2009: NIDA. http://www.druga-
buse.gov/sites/default/files/files/screening_qr.pdf.
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AHI Apnea–hypopnea index
CBT-I Cognitive behavioral therapy for insomnia
CPAP Continuous positive airway pressure
ECG Electrocardiogram
EEG Electroencephalogram
EMG Electromyogram
EOG Electrooculogram
ICSD3 International Classification of Sleep Disorders, 

third edition
OSA Obstructive sleep apnea
PAP Positive airway pressure
PSG Polysomnogram
REM Rapid eye movement
SCN Suprachiasmatic nucleus
STOP Snoring, Tired, Obesity, blood Pressure

Introduction

People spend a third of their lives sleeping and it is only in 
the past few decades that science has revealed the impor-
tance of sleep. It is estimated that 70 million Americans suf-
fer from sleep disorders [1]. Sleep is an important topic in 
lifestyle medicine and is influenced by both biological and 
behavioral factors. For example, the time of day in which an 
individual sleeps best is biologically determined [2]. How-
ever, behavioral and social factors, such as social/family ob-
ligations and work schedules, can determine an individual’s 
sleep opportunity. Furthermore, poor sleep can lead to poorer 
diet and lower exercise participation [3, 4]. A mismatch be-

tween biology, social drivers, and occupational factors can 
lead to sleep loss and thus contribute to the development of 
unhealthy behaviors. Sleep disorders, such as insomnia and 
obstructive sleep apnea (OSA), are common causes of sleep 
loss in the population. The first part of this chapter will re-
view several causes of sleep loss and increased risk for phys-
ical and psychiatric diseases. The second part of the chapter 
will discuss common sleep disorders: insufficient sleep, in-
somnia, and OSA. Finally, the third part of the chapter will 
review general recommendations for good sleep habits and 
treatment approaches for common sleep disorders.

Basics of Sleep

Sleep is most simply defined as “a reversible state of percep-
tual disengagement from and unresponsiveness to the envi-
ronment” [5]. The factors that control sleep are determined 
by both time spent awake and the internal biological rhythm. 
Two main processes have been proposed to contribute to the 
individual’s sleep–wake propensity across the 24-h period 
(Fig. 17.1; [2]). The homeostatic sleep drive, or “Process S,” 
is the drive or hunger for sleep that accumulates over the 
24-h period. Longer wakefulness leads to a greater drive for 
sleep. The other process, the circadian rhythm, or “Process 
C,” is determined by the internal biological rhythm gener-
ated by the suprachiasmatic nucleus (SCN) in the anterior 
hypothalamus. The SCN, or “master clock,” generates an 
alerting signal throughout the day that promotes alertness 
despite the increasing sleep drive. There is a slight dip in the 
circadian alerting signal in the afternoon, then an increase in 
alertness to oppose the high sleep drive late in the day. In the 
evening, the alerting signal dissipates. Misalignment of these 
two sleep systems can lead to sleep problems. For example, 
sleep deprivation leads to an excess buildup of sleep drive. 
Then, waking at the normal time due to schedule constraints 
can cause the individual to have residual sleepiness. Also, a 
midday nap can lead to insufficient sleep drive in the eve-
ning, leading to insomnia.
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Sleep Evaluation

Clinicians should inquire about sleep among all patients, but 
a sleep history is particularly important to screen for OSA in 
high-risk populations (i.e., obese patients, hypertension, and 
diabetes) and insomnia in those with medical and psychiat-
ric disorders. Sleep evaluation begins with a thorough sleep 
history (Table 17.1). Clinicians should begin by assessing 
the current sleep problem, including the perceived factors in-
volved in the onset of the sleep problem (e.g., stressful event 
leading to insomnia) as well as the duration and course of 
the problem. Other contributing factors may include night-

time worry or cognitive hyperarousal or maladaptive beliefs 
about sleep. These include beliefs such as needing 8 h of 
sleep to function or significant worry about the consequenc-
es of their loss on their health. The assessment should also 
assess the consequences including effects on daytime func-
tion including job performance and social/family function-
ing. A sleep evaluation should also include a basic screening 
for symptoms of OSA or restless legs syndrome even among 
patients such as those with insomnia, as these disorders may 
either be comorbid with insomnia. In terms of sleep sched-
ule, patients’ weekday and weekend schedule should be as-
sessed. Clinicians should also assess the bedtime environ-

Table 17.1  Sleep hygiene recommendations
Schedule and time spent in bed Do not go to bed unless sleepy

Get out of bed if awake for 20 min
Use the bed for sleep and intimacy only
Get up at the same time each morning
Avoid naps
Allow yourself sufficient time for sleep; for most adults, 7–8 h per night

Presleep activities Do not go to bed hungry, but also do not eat a large meal 2 h prior to bed
Wind down in the evening, such as a warm bath or a few minutes of reading before bed

Bedroom environment The bedroom should be cool, dark, and quiet. Use room-darkening shades or an eye mask to 
control light. For sound, a white noise machine or table fan may be helpful.
Go “off the grid.” Turn off cell phone, tablet, and other electronic media

Engage in healthy behaviors and avoid sub-
stances and behaviors that interfere with sleep

Avoid caffeine in the afternoon
Avoid alcohol prior to bedtime
Avoid cigarettes and nicotine before bedtime
Avoid or limit use of sleeping pills
Schedule “worry time”
Turn alarm clock face away from the bed to resist the temptation to check the time
Exercise regularly
Manage stress and engage in relaxation

Sleep Loss
Insufficient sleep
Sleep disorders

Moderators
Diet

Exercise
Stress

Mechanisms
Sympatheic activation
Glucose metabolism

Lower physical ac�vity
Increased appetite

Cardiovascular
Disease

DepressionDiabetesObesity Hypertension

Fig. 17.1  Proposed relationships between sleep loss and health. Bidi-
rectional pathways have been established between sleep and chronic 
physical and mental disorders. The relationships between sleep and 
development of chronic illness have been demonstrated. Mechanisms 
include multiple biological and behavioral factors such as sympathetic 

nervous system activation and changes in dietary behavior. The rela-
tionship between disturbed sleep and chronic illness is also well estab-
lished, in that having chronic illness is a risk factor for the development 
of poor sleep
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ment as well as relevant health and sleep habits (e.g., timing 
and amount of alcohol, caffeine, and exercise). Finally, a 
thorough understanding of medical and psychiatric disorders 
as well as current medications is helpful in diagnosis and 
treatment planning for patients with sleep problems.

Among self-report measures, one of the most common 
instruments is a sleep diary. Sleep diaries are easy to ad-
minister and inexpensive. They also can evaluate the indi-
vidual’s sleep pattern over weeks or months. Many different 
standardized sleep diaries exist including those published 
by the Academy of Sleep Medicine and the National Sleep 
Foundation. Most sleep diaries include a bedtime, fall asleep 
time, awakenings in the night, estimated sleep duration, ri-
setime, and naps. Patients can also include other behaviors 
that may affect sleep, including alcohol, caffeine intake, and 
exercise. Sleep diaries are limited by their reliance on patient 
self-report and can be burdensome to complete. Other brief 
self-report measures that may be useful include the STOP 
(Snoring, Tired, Obesity, bloodPressure) questionnaire [6] 
for assessment of risk for OSA, the Epworth Sleepiness Scale 
[7] to assess for self-reported sleepiness, and the Insomnia 
Severity Index [8] to assess for the criteria for insomnia.

Only a selection of patients will require a polysomno-
gram (PSG) or “sleep study.” PSG typically includes elec-
troencephalogram (EEG), electrooculogram (EOG), elec-
tromyogram (EMG), and electrocardiogram (ECG), as well 
as respiratory effort and oxygen saturation. Sleep states are 
divided into non-rapid eye movement stages (N1, N2, and 
N3, also referred to as slow-wave sleep) and rapid eye move-
ment (REM). Sleep duration and the amount of time spent in 
each sleep stage change significantly across the lifespan. For 
example, slow-wave sleep comprises approximately 30 % of 
the sleep period in midlife and declines with age. In adults 
aged 70 and above, the amount of slow-wave sleep decreas-
es to 5 % among men and 15–20 % among women [9]. The 
percentage of non-REM to REM sleep remains fairly stable, 
in that the decline in slow-wave sleep is replaced by lighter 
stages of sleep (N1, N2) and wake. Sleep disorders such as 
OSA also affect sleep architecture. Apneas lead to frequent 
awakenings and a decrease in slow-wave sleep.

Clinically, PSG is most frequently used to diagnose sleep-
disordered breathing, such as OSA, and titrate or adjust the 
appropriate pressure for positive airway pressure (PAP) 
treatment. PSG is also used to evaluate other abnormal 
nocturnal behaviors, including sleepwalking, periodic limb 
movements, and nocturnal seizures. It is not indicated for the 
assessment of insomnia. The benefits of the PSG (in labora-
tory or home) include increased monitoring of the participant 
during the study, such as video monitoring. The drawbacks 
of this approach are cost, burden to the patient, and limited 
number of nights assessed. Although the majority of PSG are 
conducted in the laboratory at this time, a growing number 
of clinics are offering ambulatory (home) studies. Currently, 

many insurance programs as well as Medicare reimburse for 
ambulatory PSG. Particularly in the case of those at high risk 
for sleep apnea without other comorbidities, the cost savings 
of home PSG paired with increased comfort for the patient 
make this an attractive option [10]. For home PSG, patients 
typically come to the clinic to pick up equipment and receive 
instructions from clinic staff. The equipment includes respi-
ratory effort belts, pulse oximeter, and nasal cannula. Some 
but not all ambulatory PSG units also include EEG. Patients 
then can return the equipment in person or by mail for down-
load and evaluation. The greatest limitation to home PSG 
is that patient’s sleep state is not known, since none of the 
units have a full EEG. Therefore, it can be difficult to deter-
mine whether events, such as limb movements, are occurring 
when awake or during sleep. Because of this limitation, am-
bulatory PSG is only indicated for diagnosis of OSA.

Another approach to monitoring sleep in the home en-
vironment is wrist actigraphy. In these types of devices, a 
monitor that measures movement is worn on the wrist. A 
movement-based algorithm determines sleep pattern and this 
information is often paired with a diary or marker to indicate 
sleep period. This technique is most useful in studying sleep 
patterns in insomnia and circadian rhythm disorders, or in 
populations that have difficulty reporting their sleep pattern 
(e.g., children and elderly). Some devices (e.g., Actiwatch 
Spectrum, Philips Inc.) have validated published algorithms 
for estimating sleep/wake states. Recently, consumer wrist-
worn devices (e.g., Jawbone®, UP®, Fitbit®, BodyMedia 
FIT®, SenseWear®) have gained popularity among the pub-
lic, suggesting that people are interested in their sleep pat-
terns. At this time, comparisons between consumer devices 
with PSG and research actigraphy indicate these devices are 
far less accurate at estimating sleep. However, their useful-
ness for sleep intervention is only beginning to be explored. 
It is likely these devices can help motivate people to improve 
their sleep patterns and also demonstrate sensitivity to with-
in-person changes. At the present time, they are not indicated 
in the assessment of sleep disorders.

Sleep Loss, Sleep Disorders, and Disease Risk

Sleep loss has been linked to cognitive performance, mood, 
and risk for disease. Epidemiologic studies have demon-
strated a U-shaped relationship between sleep duration and 
poor health. Typically, those with less than 6 h and those with 
more than 9 h of sleep have increased risk for disease. This 
relationship has been demonstrated for risk of cardiovascular 
disease , hypertension, diabetes, obesity, and all-cause mor-
tality [11–16]. The links between sleep loss and disease are 
not fully understood. Some of the proposed pathways are pro-
vided in Fig. 17.2. Sleep loss can be due to social or occupa-
tional constraints, or as a result of a sleep disorder. Sleep loss 
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has also been associated with sympathetic nervous system 
hyperactivation [17]. This, in turn, affects glucose regulation 
and health behaviors, such as diet and physical activity. Diet 
and exercise can moderate the relationship between sleep and 
disease risk, as well as improve sleep disorders directly.

Common Sleep Disorders

Insufficient Sleep

The problem of insufficient sleep is one of the most common 
causes of daytime sleepiness [1]. The average sleep duration 
reported on weekdays is approximately 6.5 h in Americans, 
whereas they report needing 7.25 h to function at their best 
[18]. Approximately 50 % of the Americans report they do 
not get sufficient sleep on weekdays. Most people are not 
aware that insufficient sleep is classified as a sleep disorder. 
According to the International Classification of Sleep Disor-
ders, third edition (ICSD3; [19]), insufficient sleep syndrome 
is characterized by having daytime sleepiness (dozing off un-
intentionally) along with a chronic pattern of sleep time that is 
shorter than expected for their age and present for 3 months. 
The individual must sleep longer on weekends or vacations 
and symptoms may not be explained by another disorder.

Insomnia

Insomnia is one of the most prevalent sleep problems re-
ported in primary care [20]. Chronic insomnia disorder af-
fects 9–12 % of the population and up to 30 % of older adults 
[21, 22]. It is defined by the ICSD3 as difficulty initiating 
and/or maintaining sleep, or waking earlier than desired at 
least 3 times per week for at least 3 months [19]. This sleep 
disturbance must cause a negative consequence at least 3 
days per week, such as fatigue, mood disturbance, daytime 
sleepiness, or concerns about sleep. It is differentiated from 
insufficient sleep because the individual must have adequate 
opportunity for sleep. Insomnia has been associated with 
poor quality of life, increased health-care unitization, and 
decreased work productivity [23, 24]. Recent evidence has 
linked insomnia, particularly insomnia combined with short 
sleep duration, to increased risk of hypertension, diabetes, 
and all-cause mortality [25–27].

Obstructive Sleep Apnea (OSA)

OSA is characterized by repeated pauses in breathing due to 
airway collapse [19]. This causes frequent nocturnal awak-
enings, intermittent hypoxia, and disruption of sleep archi-
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Fig. 17.2  Relationship between sleep drive, circadian rhythm, and 
sleep propensity. The above figure illustrates the two-process model 
of sleep. Process S represents the drive, or hunger, for sleep. Note that 
Process S decreases rapidly during periods of sleep. The body’s circa-
dian rhythm (Process C) is an “alerting” signal that promotes wakeful-
ness. There is a natural dip for Process C in the afternoon between 1 
and 3 p.m. in most people; however, Process C increases until around 

11 p.m. in most people. The interaction of the peak in Process S and the 
decrease in Process C at night allows for restorative sleep at night. The 
first panel depicts normal sleep. In the second panel, sleep deprivation 
causes an increase in sleep drive at night. The third panel depicts a nap, 
where the sleep drive decreases and then is not high enough for sleep 
until later than the typical time
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tecture, such as frequent awakenings and decreased amounts 
of slow-wave sleep. Patients with OSA may have virtually 
no slow-wave (deep) sleep and hundreds of awakenings dur-
ing the night. OSA is present in 2–4 % of middle-aged adults 
and up to 20 % of older adults [28, 29]. Older adults, men, 
African-Americans, Asians, and obese individuals are at in-
creased risk for OSA. Among women, the rates of OSA dou-
ble after menopause [30]. OSA is associated with daytime 
sleepiness, increased risk for cardiovascular events, stroke, 
poor glycemic control, and decreased quality of life [31–34].

Shift Work and Shift Work Disorder

At least 20 % of the population is involved in a job that requires 
shift work. The definition of shift work can include late night, 
overnight, and early morning shifts. Commute times also play 
a role. For example, a person who starts work at 6 a.m. may 
need to wake at 4 a.m. to get ready and drive into work. There 
are two interrelated factors involved in sleep problems expe-
rienced by shift workers. One factor is circadian disruption. 
Shift workers are often required to work during the biological 
night. Second, shift workers also report short sleep duration, 
typically 1–4 h less than day workers in similar jobs [35, 36]. 
Reasons for sleep curtailment include the fact that shift work-
ers need to sleep during a nonoptimal time, a result of cir-
cadian misalignment of the sleep–wake cycle. Furthermore, 
shift workers often curtail their sleep because of social and 
family factors, such as childcare responsibilities.

Sleep Disorder Treatments: Considerations for 
Lifestyle Medicine

General Considerations for Good Sleep

The term “sleep hygiene” has come to mean a list of the 
common “do’s and don’ts” of sleep habits. The term was 
first coined by Peter Hauri, one of the founders of the behav-
ioral sleep medicine field [37]. Different variations of these 
rules have been published over the past 35 years. A review of 
the sleep hygiene rules by Stepanski and Wyatt [38] demon-
strates the overlap between sleep hygiene rules and insomnia 
treatment recommendations (e.g., stimulus control), such as 
the advice to get out of bed if awake for more than 20 min. 

Many of these recommendations focus on increasing ho-
meostatic drive for sleep through restricting the time in bed 
and limiting napping. Other recommendations suggest wind-
down time prior to bed and making the bedroom environ-
ment conducive to sleep. Social (e.g., Facebook and Twitter 
updates) and work demands (e.g., e-mail and text messages) 

should also be suspended to allow for uninterrupted sleep. 
Individuals should incorporate lifestyle changes that im-
prove sleep (e.g., daytime light exposure) as well as those 
that ameliorate the negative impact of stress on sleep (e.g., 
relaxation). Finally, several recommendations focus on 
avoiding substances or behaviors that interfere with sleep, 
such as caffeine or cigarettes.

Exercise is an interesting topic in terms of sleep. Individ-
uals who exercise tend to sleep better. However, it has been a 
common recommendation that evening exercise is detrimen-
tal to sleep even though several studies have demonstrated 
that evening exercise does not necessarily compromise sleep 
quality [39, 40].

Extending Sleep Duration

Interventions to extend sleep duration are clearly needed 
for a large percentage of the population. To date, there are 
two studies that have tested the effects of sleep extension 
interventions [41, 42]. These studies aimed to increase sleep 
duration by 1 h. This was accomplished by monitoring sleep 
and providing structure to the sleep schedule by setting a 
bedtime 30 min earlier and a wake time 30 min later than 
their typical times. For individuals who could not move their 
wake time because of work or school schedules, they were 
told to advance their bedtime 60 min rather than 30 min. One 
study assigned participants with prehypertension and short 
sleep duration ( 6.5 h on actigraphy) to a sleep extension 
protocol versus no change [41]. The results demonstrated 
a 35 min increase in sleep duration and a statistically sig-
nificant 14 mmHg decrease in beat-to-beat systolic blood 
pressure in the sleep extension group compared to a 4 min 
increase in sleep and a statistically nonsignificant 7 mmHg 
decrease in the control group. Another study assigned ado-
lescents with short sleep duration to a similar protocol of 
set bed/wake times but also added a more gradual change in 
sleep schedule, by gradually moving the bedtime earlier over 
the first week, to achieve a 55 min increase in their sleep 
opportunity [42]. This study demonstrated that this protocol 
was effective at improving sleep duration and reducing de-
pressive symptoms among adolescents. Table 17.2 lists rec-
ommendations for increasing sleep duration based on these 
sleep extension protocols.

Insomnia Treatment

Cognitive behavioral therapy for insomnia (CBT-I) is a 
multi-component treatment that involves both cognitive and 
behavioral interventions aimed at changing the thoughts and 
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behaviors that perpetuate insomnia. CBT-I has been dem-
onstrated to be effective in multiple populations including 
adults, older adults, patients with hypnotic dependence, 
insomnia with comorbid conditions including depression, 
chronic pain, and heart disease. CBT-I is time limited and 
cost-effective [43]. The standard length of CBT-I treatments 
is six sessions but other brief CBT-I interventions designed 
to be implemented in primary care sessions by physicians 
or nurses have also been demonstrated to be effective [44, 
45]. Many of these techniques can be used effectively in a 
primary care setting. However, patients with more severe in-
somnia, those who need further evaluation of their sleep for 
additional comorbid disorder and those patients who are in-
terested in a more rigorous treatment (6 sessions vs. 1 or 2), 
should be referred to a specialist in behavioral sleep medi-
cine. A list of certified behavioral sleep medicine specialists 
are listed on the website of the Society for Behavioral Sleep 
Medicine (www.behavioralsleep.org). The main components 
of CBT-I are described below.

Sleep Restriction
Sleep restriction [46] increases the drive to sleep by decreas-
ing the time spent in bed. In this component of treatment, 
patients calculate their number of hours sleeping (total sleep 
time) and divide that number by the hours spent in bed. So, 
an individual who spends 8 h in bed but sleeps 6 h would 
have a sleep efficiency of 75 %. Then, they set a sleep win-
dow for only the amount of time spent sleeping (minimum 
of 5 h). For someone who says they sleep only 5½ h between 
9 p.m. and 7 a.m., they would then schedule a bedtime and 

wake time allowing for 6 h. Those 6 h should be scheduled 
according to when the individual is most likely to be able to 
sleep (e.g., 12:00–6:00). Scheduling from 9 p.m. to 3 a.m. 
would be challenging for most people. The patient and clini-
cian evaluate the sleep efficiency each week and adjust the 
time in bed 15 min at a time. The patient gains time in bed 
if sleep efficiency is  90, loses time in bed if sleep efficiency 
is  80 %, and maintains the same time in bed if sleep effi-
ciency is 80–90 %.

Stimulus Control
In stimulus control [47], the goal is to spend only the time 
asleep in bed and avoid activities that are not sleep promot-
ing in bed, including worrying, watching TV, eating, or read-
ing. Individuals with insomnia are recommended to only use 
the bed for sleep and sex, and get out of bed if awake in the 
middle of the night for more than 15–20 min. Recommended 
activities when out of bed include non-stimulating but not 
unpleasant activities including light reading, watching TV, 
and listening to music.

Cognitive Interventions
The targets for cognitive interventions [48, 49], or restructur-
ing, include catastrophizing next-day consequences of sleep 
loss and significant worry about sleep loss. Patients may also 
be instructed in techniques for reducing worry.

Exercise, Meditation, and Yoga
These activities have also been demonstrated to improve 
sleep quality. There is the most evidence for aerobic exercise 

Table 17.2  Extending sleep duration
Prepare Evaluate current average sleep/wake time by logging sleep patterns for 1 week

Establish a goal for new sleep duration (e.g., increase sleep duration by 1 h); aim for 7–8 h per night
Specify a consistent sleep and wake time that will last for the targeted duration of time; for those who cannot adjust wake time due 
to rigid conflicts (e.g., a work day start time), solely focus changes on advancing sleep time

Plan Identify potential barriers to making changes to sleep/wake time
For example

If a favorite TV show conflicts with the new sleep schedule, consider recording the show and watching it the following day
 If the new wake time conflicts with a partner or roommate, negotiate a schedule that will permit both parties to complete 
morning routines simultaneously

Note that current daily routines may need to be adjusted to allow for altered sleep/wake times; modify activities accordingly
Discuss your plans with significant others, family members, and close friends; clearly communicate intention to increase sleep 
duration, alerting others of changes in availability for social commitments, phone calls, and other obligations

Implement Gradually adjust sleep/wake time (e.g., over the course of 1 week, advance sleep time by 5 min per night and delay wake time by 
5 min each morning)
Fastidiously attend to sleep hygiene recommendations while attempting to extend sleep duration (see Table 17.1)
Ensure that bedroom is conducive to sleep, wind down prior to bedtime, and avoid behaviors that will interfere with sleep
Make use of natural sources of support (e.g., partner) who can assist with follow-through on the new commitment

Adapt Be flexible and forgiving
As with any behavior change, setbacks are a normal part of the process

Employ positive thinking to combat negative cognitions about slips-ups
Instead of catastrophizing and discounting the positives, focus on successes and long-term goals

Expect some sleep periods to fall short of the established target. 
When these nights occur, recommit to the new sleep goal
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among individuals with insomnia or poor sleep quality. A 
few studies have also demonstrated that resistance training, 
tai chi, and yoga can improve sleep quality [50–52].

OSA Treatment

PAP  is considered the gold standard for OSA treatment and 
is effective at eliminating apneas [53]. It is recommended 
that patients use PAP treatment all night, every night, and 
during naps. Medicare requires use of 4 h per night on 
70 % of the nights and patients must demonstrate adherence 
through a download from their machine within the first 90 
days or it will not be covered. Data demonstrate that 4 h of 
use can improve blood pressure. Later publications dem-
onstrate more is better when it comes to outcomes such as 
daytime sleepiness and quality of life [54]. However, ap-
proximately 50 % of patients are nonadherent [54]. Patients 
with higher adherence have better neurocognitive and sub-
jective outcomes [55]. Therefore, adherence is critical to the 
success of this treatment. It is now standard for PAP ma-
chines to include adherence data-recording capabilities. The 
specific data included on each download report vary based 
on machine and manufacturer but downloads include usage 
(average, per night, and on nights used) and efficacy (apnea 

severity, presence of snoring, and mask leak). These data are 
helpful to clinicians in monitoring and encouraging patients’ 
adherence. Table 17.3 provides suggestions for increasing 
PAP adherence based on recommendations from a task force 
of the American Academy of Sleep Medicine [56]. Evidence 
from numerous trials have demonstrated aspects of effective 
interventions for PAP adherence including education, assess-
ing motivation and barriers, setting goals and a follow-up 
plan, and assessing the need for technological intervention, 
such as mask changes [57, 58].

There are other treatments for OSA beyond PAP. In par-
ticular, lifestyle interventions have been shown to lead to 
significant improvement in the severity of OSA as well as 
daytime symptoms. Due to the role of obesity in the etiology 
of OSA, weight loss can improve OSA for a large percentage 
of patients. Weight loss through behavioral interventions, 
pharmacotherapy, and bariatric surgery has been shown to 
reduce indices of apnea severity, including the number of 
apneic events (apnea–hypopnea index (AHI)) and oxyhemo-
globin desaturations (desaturation index) per hour [59, 60]. 
However, it is important to note that despite weight loss, pa-
tients on average continue to have mild-to-moderate OSA, 
which typically requires additional treatment. For over-
weight or obese patients with mild OSA, weight loss may be 
the only treatment needed [61].

Table 17.3  Improving adherence to positive airway pressure (PAP)
Assessing expectancies Evaluate patient’s expectations about using continuous positive airway pressure (CPAP) device

Are the patient’s expectations realistic?
Discuss with patient that CPAP treatment is not easy but the benefits are substantial (e.g., increased energy, reduced 
health risk, improvements in mood, etc.)
Ask patient to share concerns or fears about starting the treatment
Do the patient’s concerns about treatment relate to areas that require special attention (e.g., worries that the device 
will impede intimacy with partner)?

Setting a solid 
foundation

Address adherence problems and other complications related to CPAP use early in the course of treatment. Early 
intervention will:
Promote a good relationship between provider and patient
Short-circuit the development of negative beliefs about CPAP treatment
Prevent the formation of bad habits

Identifying strengths Ask the patient to share specific examples of past successes with behavior change
Allow the patient to home in on what will likely work as he/she attempts to make use of CPAP treatment

Education Explore CPAP options with the patient
Discuss differences in device type (e.g., air pressure application) and face masks variations (e.g., full, nasal, etc.)
Explain the importance of adequate seal for effectiveness and comfort
Prepare patient for a process that includes selection of a device, fitting, testing, adjustment, and changing devices 
when a selection is not working. The process may require numerous iterations
Consider specific clinical concerns or patient preferences that may suggest a particular device would be the best 
match for the patient

Consider technological 
interventions

Assess the patient’s comfort with the device
Does the patient report that the mask is fitting poorly, causing a lot of leak at night, or causing skin breakdown?
Does the CPAP adherence and efficacy download demonstrate a large leak for a significant portion of the night?
Assess adequacy of the CPAP prescription
Assess on the CPAP download if the OSA is adequately treated (apnea–hypopnea index <10)
If still unable to wear the device, consider reevaluation with a sleep medicine specialist for desensitization or retitra-
tion to a bilevel machine
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Several studies have also demonstrated that exercise can 
improve the symptoms of OSA [62]. In one randomized con-
trolled trial, patients with moderate-to-severe sleep apnea 
were randomized to 12 weeks of exercise training (a com-
bination of aerobic and resistance) or low-intensity stretch-
ing (control). Post intervention, participants in the exercise 
group had significantly greater reductions in AHI and oxy-
gen desaturation indices, two measures of sleep apnea sever-
ity. Interestingly, improvements in apnea severity occurred 
despite participants not losing weight in this study, suggest-
ing that exercise improves OSA through other mechanisms. 
This study did not identify a specific mechanism, but im-
provements in muscle strength or the stability of sleep may 
play a role.

There are also additional treatments that may benefit par-
ticular subgroups of patients. Patients with mild OSA also 
may benefit from the use of a dental appliance, which creates 
space in the airway through advancing the mandible [63], or 
positional therapy [64]—either purchased (e.g., side sleep-
ing pillows and tennis ball t-shirts) or homemade devices 
(e.g., tennis balls in a backpack)—to help the patient avoid 
sleeping on their back. This may be particularly beneficial for 
patients in whom all or the majority of apneic episodes occur 
in the supine position as documented in the PSG report. In 
addition, surgical interventions to increase space in the air-
way are effective at improving OSA in some patients [65].

Shift Work Treatment

Lifestyle recommendations are often necessary in the treat-
ment of shift work disorder as well as for the general health 
of shift workers. According to the American Academy of 
Sleep Medicine, there is the most evidence to support in-
terventions in which shift workers plan their sleep schedule 
in a way that they can maximize sleep duration [66]. For 
overnight workers, for example, sleep is typically best before 
noon. Therefore, workers are recommended to sleep as early 
as possible after they get home. It is also recommended that 
night workers minimize the change in their sleep schedule 
from work and nonwork days, in order to reduce the number 
of hours shifted each week but also allow the individual to 
engage in daytime activities on their day off. For example, 
an overnight worker may sleep from 8 a.m. to 12 or 1 p.m. 
following work shifts. Then, on days off, it is recommended 
that the worker sleep from 2 or 3 a.m. to 10 a.m., in order to 
minimize the shift between work and nonwork days. This 
“compromise schedule” has been demonstrated to improve 
performance and mood in the laboratory [67]. Other evi-
dence-based treatments are timed light exposure (specific 
timing dependent on the worker’s hours), melatonin, use of 
hypnotics at night, and stimulant medications to promote 
alertness [68].

Conclusion

Sleep is an important health behavior due to the role of sleep 
in physical and emotional health. In addition, poor sleep may 
also influence other health behaviors, through decreasing par-
ticipation in exercise and increasing appetite and poor-eating 
behaviors. Lifestyle interventions are critical to the treatment 
of sleep disturbances, including short sleep duration, insom-
nia, shift work, and OSA. Many of the interventions recom-
mended to improve sleep include reducing stress, improving 
regularity of sleep/wake schedules, and improving health be-
haviors, such as limiting caffeine, nicotine, and alcohol, all of 
which have additional effects on overall health and well-be-
ing. Furthermore, other lifestyle interventions, such as weight 
loss and exercise, have been shown to improve sleep.

From the public health perspective, more research is 
needed on the high levels of chronic insufficient sleep in the 
population as well as interventions to improve sleep health at 
the population level. Although additional pressure to “have-
it-all” and to sacrifice rest for perceived financial and career 
success is evident, a backlash resisting these sociocultural 
shifts has materialized. New measures of success have en-
tered the public discourse, with an emphasis on vitality and 
emotional well-being.

As sleep is important for both emotional and physical 
well-being, it is a clear area of concern for the lifestyle medi-
cine health-care professional. Assessment of and patient-
centered discussions about sleep are essential elements of 
comprehensive lifestyle medicine. Although calls for more 
sleep are mounting, the prevailing attitude within today’s 
fast-paced, hyper-connected society is that people must re-
lentlessly push themselves to the point of exhaustion in an 
effort to race to the top. The best research on sleep and health 
tells us that losing out on sleep—either willfully or as a con-
sequence of a sleep disorder—has substantial costs. Lifestyle 
medicine grants an opportunity to encourage patients to pri-
oritize sleep as part of a transformation to a healthier state.
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TM Transcendental meditation
TT Therapeutic touch

Terminology in Integrative Medicine

Over the past 50 years, the field of integrative medicine has 
evolved in response to scientific, economic, and social fac-
tors from a grassroots movement of patients seeking out 
alternatives to the Western biomedical paradigm to a place 
where integrative medicine, in many settings, may be regard-
ed as a part of mainstream medicine. Various terms that have 
been used to describe this phenomenon and new paradigm of 
care are described below.

Holistic Medicine

The growth of the whole foods and supplement industries in 
the 1950s, along with increased awareness of foreign treat-
ment approaches (e.g., acupuncture) through media expo-
sure, has contributed to the emergence of the holistic health 
movement in the 1970s [1–3]. Holistic practice emphasizes 
an attention to the whole person, including the physical, spir-
itual, psychological, and ecological dimensions of healing.

Complementary and Alternative Medicine (CAM)

Increasing patient use of unconventional health care prac-
tices, presumably in place of conventional health care, led to 
the adoption of the term “alternative medicine” in the USA 
and Europe in the late 1980s [4, 5]. Landmark surveys in 
the early 1990s, most notably “Trends in Alternative Medi-
cine Use” by Harvard researcher David Eisenberg, MD, 
found that consumers were accessing a range of therapeutic 
and preventive options, both alternative and conventional, 
to essentially “complement” one another [6]. Subsequently 
the terms “complementary medicine” and “complementary 
and alternative medicine (CAM)”  became designations for 
health care used as adjuncts to conventional health care. 
Congress applied the phrase to the National Institutes of 
Health’s National Center for Complementary and Alterna-
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tive Medicine (NCCAM), when the Office of Alternative 
Medicine was upgraded to the status of a coordinating re-
search center in 1999. Studies found that many viewed CAM 
to be more aligned with “their own values, beliefs and philo-
sophical orientation towards health and life than traditional 
medicine.” [7]

Integrative Medicine or Integrative Health Care

The growth of research on CAM practices, as well as an 
evolving understanding that the change needed in health care 
was not only the inclusion of a broader range of disciplines 
but also a transformation in the paradigm of health and heal-
ing, led to a transition to the term “integrative medicine” or 
more recently “integrative health care.” Integrative medicine 
has been described as:

healing-oriented medicine that takes account of the whole 
person (body, mind and spirit), including all aspects of lifestyle. 
It emphasizes the therapeutic relationship and makes use of all 
appropriate therapies, both conventional and alternative. [8]

In this context, lifestyle medicine becomes a core aspect 
of integrative medicine. Indeed, any good integrative plan 
should fundamentally address the four pillars of health: nu-
trition, physical activity, stress management, and sleep. The 
use of dietary supplements or complementary medicine dis-
ciplines becomes a secondary line of defense.

The 2012 publication Integrative Medicine in America: 
How Integrative Medicine Is Being Practiced in Clinical 
Centers Across the United States documented strong affili-
ations of integrative medicine programs to hospitals, health 
care systems, and medical and nursing schools [9]. US hos-
pitals report increasing percentages, up to 42 % of respon-
dents in a national survey in 2010, offering some form of 
CAM therapies as part of their inpatient or outpatient ser-
vices [10]. Academic medicine is similarly embracing the 
importance of integrative medicine: As of 2014, there are 14 
established integrative medicine fellowship programs, the 
American Board of Physician Specialties offered the first 
American Board of Integrative Medicine in November 2014, 
and the Consortium of Academic Health Centers for Inte-
grative Medicine has grown from 8 to 65 (member institu-
tions) over the past decade [11–13]. Congress similarly has 
acknowledged the field with a proposed name change for the 
NCCAM to the National Center for Research on Comple-
mentary and Integrative Health (NCRCI) [14].

With prevalence of use of integrative medicine among 
patients approaching 40 % and even higher in some disease 
states, all health care practitioners should be aware of the 
current state of evidence of integrative approaches relevant 
to their area of interest [15, 16]. In particular, health care 
providers with an inherent interest in lifestyle and preven-

tive medicine should recognize the significant overlap and 
congruent philosophies between the fields.

The NCCAM Framework with a Focus on 
Diabetes

While integrative medicine contains, at its essence, a philos-
ophy of how health care should be delivered, the inclusion of 
evidence-based CAM disciplines is intrinsic to an integrative 
care plan. The NCCAM developed a framework for catego-
rizing these therapies:

• Biologically based therapies
• Mind–body medicine
• Energy medicine
• Manual therapies
• Whole healing systems

While in no way comprehensive of all existing evidence, the 
discussion of this framework using a patient with diabetes is 
intended to provide a basic understanding of how an integra-
tive care plan might be constructed for a particular patient.

Biologically Based Therapies

A literature review based on 18 studies from nine countries 
suggested that the prevalence of CAM use among diabetics 
worldwide ranges from 17 to 72.8 % [17]. The most widely 
used therapies among patients with diabetes were nutrition-
al/dietary and herbal supplements, nutritional advice, spiri-
tual healing, and relaxation techniques. A focus on the US 
population drawn from the 1997 National Health Interview 
Survey found that while 57 % of patients with diabetes used 
a CAM therapy in the past year, excluding prayer, only 20 % 
did so specifically to treat their diabetes [18]. The prevalence 
of CAM use reinforces that health care professionals need to 
be aware and incorporate this type of information into the 
processes of patient assessment and intervention.

• Chances are that patients are taking supplements or con-
sidering them while also taking multiple medications for 
diabetes and other conditions. Hence, there exists the 
potential for drug interactions leading to adverse events 
[19, 20]. Many patients do not inform their health provid-
ers that they are taking additional supplements, or they 
are not asked.  This prospective lack of crucial informa-
tion may impact clinical decision-making.  Hence, it is 
imperative to perform a thorough interview and cross-
check for herb-drug and herb-dietary supplement interac-
tions. The evidence base is building for the use of certain 
natural products and may be considered safe additions to 
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patient treatment plans. However, many products are still 
in need of a comprehensive review for safety and efficacy. 
It is important to note that overall, the evidence base for 
supplements and herbs needs further development with 
respect to scientific rigor and consistency of studied natu-
ral products. In the authors’ experience, diabetes is best 
managed with a combination of pharmaceuticals, nutri-
tion, lifestyle management, and the potential addition of 
herbs and supplements, depending on the individual and 
the clinician’s experience. By the time the disease has 
reached clinical criterion for diabetes, herbs and supple-
ments are typically not sufficient and to replace medica-
tions for glycemic control. However, natural products 
may be helpful in supporting conventional diabetes treat-
ment, particularly in combination with a strong regimen 
of healthy diet, stress management and regular exercise, 
with the goal to potentially limit pharmaceutical dose 
escalation or addition of new pharmaceuticals.

• The decision to recommend supplements should be 
based on whether evidence exists regarding their safety 

and efficacy. Questions about supplements may be initi-
ated by the patient who learned of specific natural prod-
ucts from reliable or unreliable information sources. The 
claims can range from Food and Drug Administration 
(FDA)-allowed functional claims (i.e., “supports vascular 
health”) to frank and inappropriate overstatements (i.e., 
“reverses diabetes”). It is helpful to review the market-
ing literature online with the patient, or to read through 
the written materials that the patient brings in to critically 
review the merit of the supplement. Then, the clinician can 
turn to one of several excellent, non-industry-sponsored 
natural products databases to review those same products 
for clinical decision-making. A summary of commonly 
used natural products for diabetes and insulin resistance 
is given in Table 18.1. Guidance on brands for purchasing 
decisions and recommendations may be found on the non-
industry-sponsored Web site www.consumerlab.com.

Of the natural products listed in Table 18.1, alpha-lipoic 
acid has some evidence base for improving blood sugar lev-

Table 18.1  Diabetes medications and natural products. Many natural products are tried for diabetes, but very few have reliable evidence of 
efficacy. Inclusion in this list does not imply that these products are effective for diabetes. (Adapted with permission from Natural Medicines in 
the Clinical Management of Diabetes. [91])
Mechanism of action Pharmaceutical agent Natural product
Hypoglycemic Chlorpropamide (Diabinese)

Glimepiride (Amaryl)
Glipizide (Glucotrol)
Glyburide (DiaBeta, Glynase, Micronase)
Nateglinide (Starlix)
Repaglinide (Prandin)
Tolazamide (Tolinase)
Tolbutamide (Orinase)

Banaba (Lagerstroemia speciosa)
Bitter melon (Momordica charantia)
Fenugreek (Trigonella foenum-graecum)
Gymnema (Gymnema sylvestre)

Insulin sensitizers Metformin (Glucophage)
Pioglitazone (Actos) Rosiglitazone (Avandia)

Agaricus mushroom (Agaricus blazei)
American ginseng (Panax quinquefolius)
Banaba (Lagerstroemia speciosa)
Cassia cinnamon (Cinnamomum aromaticum)
Chromium
Magnesium
Panax ginseng
Prickly pear cactus (Opuntia ficus-indica)
Soy (Glycine max)
Vanadium

Carbohydrate absorption inhibitors Acarbose (Precose)
Miglitol (Glyset)

Bean pod (Phaseolus vulgaris)
Blond psyllium (Plantago ovata)
Fenugreek (Trigonella foenum-graecum)
Glucomannan (Amorphophallus konjac)
Guar gum (Cyamopsis tetragonoloba)
Oat bran (Avena sativa)
Prickly pear cactus (Opuntia ficus-indica)
Soy (Glycine max)
White mulberry (Morus alba)

Miscellaneous Exenatide (Byetta), Pramlintide (Symlin), Liraglu-
tide (Victoza), Albiglutide (Tanzeum), Dulaglu-
tide (Trulicity)

Saxagliptin (Onglyza), Sitagliptin (Januvia), Lina-
gliptin (Tradjenta), Alogliptin (Nesina)

Canagliflozin (invokana), Dapagliflozin (farxiga), 
Empagliflozin (jardiance)

Alpha lipoic acid
Chia (Salvia hispanica)
Coenzyme Q10
Selenium
Stevia (Stevia rebaudiana)

 

http://www.consumerlab.com
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els in patients with type-2 diabetes (T2D) [21–26]. Alpha-
lipoic acid is an endogenous coenzyme with antioxidant 
and insulin-sensitizing activity. As a supplement to augment 
conventional treatment for diabetes, alpha-lipoic acid may 
help reduce diabetic neuropathy symptoms of burning, tin-
gling, and numbness; however, it may take a month or more 
of compliant usage for noticeable improvement. The dose 
range for diabetic neuropathy is between 600 and 1200 mg 
per day [21–26]. Again, It is important to note that supple-
ments are not frank substitutes for conventional therapies in 
diabetes, but they may have potential to provide benefit as a 
supportive therapy in patients who are particularly interested 
in natural products.

Mind–Body Medicine

Mind–body medicine, based on the interdependence of our 
mental, emotional, and physical states, is reviewed in detail 
in Chap. 16. The inclusion of a mind–body approach for 
stress management is a core aspect of many integrative treat-
ment plans. Diabetes is no exception since cortically medi-
ated stress responses modulate glycemic control through 
immune-neuroendocrine activation, hyperinsulinemia, hy-
perlipidemia, inflammation, and with chronic exposure, 
compromised immunity, insulin resistance, and obesity. Re-
search showing benefits of mind–body interventions in pa-
tients with diabetes is limited; however, risks are minimal. 
Movement-based mind–body approaches, such as yoga and 
Tai Chi, supplement the needed physical activity allotment 
for patients with diabetes, with the relative risk similar to 
that of other physical activities. The current evidence for five 
mind–body therapies in patients with T2D is reviewed below.

Biofeedback
Biofeedback is a self-regulation technique in which patients 
learn to have voluntary control over aspects of their physi-
ology. Sensors that monitor physiological functions such as 
blood pressure, muscle tension, heart rate variability, and 
brain waves report back to the patient how active engagement 
in a relaxation approach is creating changes in their system, 
thereby reinforcing the benefits of the activity. Biofeedback 
in combination with standard care was found in a small ran-
domized controlled trial (RCT) to improve glycemic control 
compared to standard care plus education [33]. Biofeedback-
assisted relaxation training, measuring surface electromyog-
raphy, and thermal feedback, provided via 10 weekly 45-min 
sessions, also showed significant improvement in glycemic 
control with a reduction in A1C levels from 7.4 to 6.8 %; this 
improvement persisted at 3-month follow-up.

Biofeedback has also been studied for diabetic neuropa-
thy, as this complication can produce clinically significant 

toe temperature elevations. In patients with T2D, volitional 
warming has been associated with increased circulation, im-
proved intermittent claudication pain, more rapid healing of 
diabetic ulcers, and improved functional status [34–36].

Yoga
Yoga is an ancient system of relaxation, exercise, and healing 
with origins in Indian philosophy. The word “yoga” comes 
from the Sanskrit root yuj or “to yoke,” implying a uniting 
of the physical, spiritual, and mental bodies. The practice 
of yoga may include techniques of movement ( asanas or 
poses), breathing (pranayama), meditation (dhyan), chant-
ing, and lifestyle change.

Two systematic reviews concluded that yoga is likely 
to provide benefits with lowered fasting blood glucose and 
A1C, improved lipid profiles, and reduced body weight and 
waist-to-hip ratio [37, 38]. A third more rigorous systematic 
review identified five trials that met the inclusion criteria 
[39]. The reviewers criticized the studies for having a me-
dium to high risk of bias, small sample sizes, and different 
intervention characteristics. The studies’ results showed im-
provement in short- to intermediate- term outcomes, such as 
fasting blood glucose and lipids. However, not all changes 
were statistically significant. Results of a qualitative study 
suggest that yoga may have ancillary benefits in terms of im-
proved physical function, enhanced mental/emotional state, 
enriched sleep quality, and improved lifestyle choices, and, 
furthermore, that yoga may be useful as a health promotion 
strategy [40]. At this point, it is reasonable to recommend 
yoga as an option for patients as part of their physical activ-
ity routine.

Meditation
Meditation is a technique of mental concentration that in-
volves the conscious direction of one’s attention toward 
breathwork, a sustained or repeated sound or word, or some 
other object of focus, as a means to increase awareness of the 
present, reduce stress, promote relaxation, and attain person-
al growth. A variety of meditation techniques are commonly 
used and have extensive literature demonstrating benefits for 
stress reduction both in clinical and basic research studies. 
Meditation has been shown to affect the hypothalamic–pitu-
itary–adrenal axis, as evidenced by reduced cortisol output 
with experimental stressors [41]. There are now several apps 
available for smartphones or Internet sites that can guide a 
patient through self-directed meditation.

A 16-week RCT examined the effects of transcendental 
meditation (TM) versus health education on components of 
metabolic syndrome and coronary heart disease [42]. At the 
end of the trial, patients in the TM group had significantly 
lower blood pressure, improved fasting blood glucose and 
insulin levels, and improved heart rate variability.
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Mindfulness-Based Stress Reduction
The practice of mindfulness-based stress reduction (MBSR) 
seeks to establish and reinforce a nonreactive, nonjudgmen-
tal approach to thoughts and emotions and to cultivate ac-
ceptance through moment-to-moment awareness or “mind-
fulness.” A small, prospective, observational study of 14 
patients who completed the 8-week standardized MBSR 
course found a reduction in A1C of 0.5 % and reduced mean 
arterial pressure of 6 mmHg, as well as decreases in depres-
sion, anxiety, and general psychological distress [43]. An ex-
tended randomized trial (mindfulness intervention vs. usual 
care) study will examine impact over 5 years; already at 
the 1-year follow-up mark, the MBSR group showed lower 
levels of depression and improved health status compared 
with the control group [44]. A 2014 systematic review and 
meta-analysis of mindfulness-based RCTs pertinent to life-
style medicine concluded that partial evidence exists across a 
wide range of populations and outcomes, particularly in diet/
weight management and symptom burden [45].

Tai Chi
Tai Chi is a mind–body practice from China with roots in 
martial arts and ancient healing traditions. Tai Chi consists 
of coordinated gentle movements with mental focus, breath-
ing, and relaxation. A 2011 systematic review of Tai Chi 
and diabetes identified eight RCTs and three nonrandom-
ized clinical trials [46]. While some studies showed trends 
toward benefits in both glycemic control and quality of life 
measures, few were statistically significant.

Energy Medicine

Energy medicine can be divided into two major categories. 
The first category relates to bioelectromagnetic energy thera-
pies: the use of concrete energy interventions such as light 
therapy for seasonal affective disorder or magnet therapy for 
bone fracture healing. The second category refers to energy 
biofields: the concept that living things have energy fields 
that interact with their environment and influence health and 
disease states. While the scientific understanding of biofield 
therapies is in its infancy, the concept can be found in cul-
tures across the world: therapeutic touch (TT) and healing 
touch (HT) in Western medicine, Reiki (ray-key) in Japan, 
and Qigong (chi-kung) in China. These practices are based 
on the belief that problems in the patient’s energy field that 
cause illness and pain can be identified and rebalanced by a 
healer placing his/her hands either gently on the patient or 
above the patient in the biofield. A study done in 2007 by the 
National Health Interview Survey indicates that 1.2 million 
adults and 161,000 children received one or more sessions 
of energy healing therapy, such as Reiki, in the previous year 

[47]. The use of biofield therapies remains controversial and 
the evidence is questionable. Nevertheless, light touch or no 
touch approaches carry little risk to the patient.

Western Touch Therapies
TT and HT are Western-born nursing-based interventions 
that have been used for more than 25 years to support and 
comfort patients [48]. In the 1970s, Delores Krieger, PhD, 
RN, developed TT. An American hospital survey conducted 
in 2005 noted that about 30 % of 1400 responding hospitals 
offered TT [49]. Janet Mentgen, RN, founded HT in 1989 as 
a continuing education program for nurses, massage thera-
pists, other health care professionals, and laypersons [50]. 
More than 90,000 nurses and other health professionals use 
HT in hospitals and in private practice, with at least 100 
US hospitals offering the service in the past 15 years. The 
American Holistic Nurses Association’s position statement 
on CAM endorses noninvasive energy work as valid nursing 
interventions to render holistic care [51].

Due to the nursing link, these approaches have been eval-
uated in more research than other energy medicine approach-
es. Early studies indicated efficacy in muscle relaxation, pain 
and stress, and anxiety reduction in a variety of settings, 
patients, and disease states, as well as physiological effects 
on blood pressure and temperature [52, 53]. Meta-analyses 
examining TT and HT as nursing interventions concluded 
that touch therapies have a positive, intermediate effect on 
physiological and psychological variables, but many of the 
studies had significant methodological issues that could sig-
nificantly bias the reported results [54–56].

Reiki
Buddhist monks may have practiced this Eastern form of 
healing 2500 years ago. Reiki healing was formalized in 
Japan in 1920 and brought to the US in 1937. According to 
the American Hospital Association, in 2007, 15 % or more 
than 800 American hospitals offered Reiki as part of hospital 
services [57]. A student can learn to provide level 1 Reiki 
during a weekend class, making the practice attractive to 
nurses and other health care practitioners as well as the lay 
public; advanced skills require additional training. There is 
no standardization or certification for Reiki practitioners and 
protocols, since hand positions can vary among teachers and 
lead to difficulty in conducting research.

Overall, high-quality research on Reiki is scant. A review 
summarizing investigations using Reiki for effects on stress, 
relaxation, depression, pain, and wound healing concluded 
that results in all areas were inconsistent [58]. One study 
explored the efficacy of Reiki to control peripheral dia-
betic neuropathy. Global pain scores and walking distance 
improved from baseline in both the Reiki and mimic-Reiki 
groups, with no significant differences at the final visit [59].
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Manual Therapy

Chiropractic is a health care profession that focuses on the 
relationship between the body’s structure, mainly the spine, 
and its ability to function. Although practitioners may use a 
variety of treatment approaches, they primarily perform ad-
justments (manipulations) to the spine or other parts of the 
body.

Osteopathic medicine is a distinct form of medical prac-
tice in that it provides all the aspects of conventional medi-
cine (i.e., pharmaceuticals, surgery, and diagnostic testing) 
while additionally offering hands-on diagnosis and treatment 
through osteopathic manipulative medicine. Since both chi-
ropractic and osteopathic manipulation utilize manual thera-
pies, it is important to recognize the distinction in the profes-
sions. The goal of manual therapies is to correct alignment, 
alleviate pain, improve function, and support the body’s 
natural ability to heal itself.

Patients with and without diabetes may have concomi-
tant musculoskeletal and neurological dysfunction. The use 
of manual manipulation may help manage these conditions 
when performed appropriately. The “UK Evidence Report” 
on manual therapies is a systematic review of 46 RCTs and 
16 evidence-based clinical guidelines by Bronfort et al. [27]. 
The report concluded that spinal and joint manipulation and 
mobilization were effective in adults for acute, subacute, 
and chronic low back pain, migraine and cervicogenic head-
ache, cervicogenic dizziness, several extremity joint condi-
tions, and acute and subacute neck pain. An updated review 
of the 2010 UK Report by Clar et al. [28] additionally sup-
ported manual manipulation for shoulder pain and dysfunc-
tion, plantar fasciitis, and myofascial release for cancer care. 
Mild-to-moderate adverse events of transient nature (e.g., 
worsening symptoms, increased pain, soreness, headache, 
dizziness, tiredness, nausea, and vomiting) may occur with 
manipulation and mobilization procedures. The risk of major 
adverse events is very low and includes vertebrobasilar ar-
tery stroke, lumbar disc herniation, and cauda equina syn-
drome [27, 29, 30].

Massage therapy encompasses many different techniques 
where therapists apply pressure and rub or otherwise manip-
ulate the muscles, connective tissue, tendons, and ligaments 
of the body to promote relaxation, reduce pain and stiffness, 
and enhance well-being. The evidence base for massage 
therapy in improving chronic low back pain appears prom-
ising [31, 32]. For diabetes, however, there are not enough 
quality studies to support use, specifically for this condi-
tion. Positive effects of anxiety reduction, deep relaxation, 
increased body awareness, and pain reduction with low risk 
to the patient may merit prescription of massage therapy for 
patients with diabetes dealing with chronic anxiety, stress, 
or pain.

Whole Healing Systems

Naturopathic Medicine
Naturopathic medicine is a holistic approach based on the 
following six principles of healing:

1. The body has the inherent ability to maintain and restore 
health.

2. The physician aims to identify and treat the cause rather 
than the symptoms.

3. Methods designed to suppress the symptoms and not the 
cause are considered harmful and should be avoided or 
minimized.

4. The physician treats the whole person—taking into ac-
count the physical, spiritual, mental, and social aspects of 
the individual.

5. The physician plays a role in educating and encouraging 
the patient to take responsibility for his/her health.

6. The physician assesses risk factors and hereditary sus-
ceptibility to disease to make appropriate interventions to 
avoid further harm or risk to the patient.

Naturopathic doctors (NDs) are trained as primary care 
physicians in 4-year, accredited doctoral-level naturopathic 
medical schools; there are eight accredited naturopathic col-
leges in North America [60]. The 4-year graduate level pro-
gram includes about 4500 h of academic and clinical training 
in topics such as clinical nutrition, homeopathic medicine, 
botanical medicine, psychology, and counseling. Following 
graduation, an ND takes rigorous professional board exams; 
currently 17 states, the District of Columbia, Puerto Rico, 
and the Virgin Islands have licensing or regulation laws for 
NDs [61].

Several recent studies have examined the impact of a na-
turopathic approach as an adjunct to conventional care on 
clinical outcomes.

• A retrospective analysis of medical records from an aca-
demic naturopathic clinic (ANC) investigated treatment 
recommendations and levels of evidence. Naturopathic 
physicians prescribe comprehensive therapeutic lifestyle 
change recommendations supported by a high level of 
evidence consistent with existing scientific guidelines 
from national organizations such as the ADA, JNC, 
and NCEP. Among patients receiving naturopathic care, 
100 % received dietary counseling, 69 % were taught 
stress reduction techniques, and 94 % were prescribed 
exercise. All patients additionally received prescriptions 
for botanical and nutritional supplementation, often in 
combination with conventional medication [62].

• Forty patients with poorly controlled T2D (A1C 7.5–
9.5 %) were invited from a large integrated health care 
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system to receive up to eight naturopathic visits. In addi-
tion to clinical markers, standardized questionnaires 
were administered by telephone to collect outcome data 
on self-care, self-efficacy, diabetes problem areas, per-
ceived stress, motivation, and mood. These results were 
compared to a cohort of 329 eligible, nonparticipating 
patients using electronic medical records data. Partici-
pants made an average of 3.9 ANC visits. At 6 months, 
significant improvements were found in most patient-
reported measures, including glucose testing, diet, physi-
cal activity, mood, self-efficacy, and motivation to change 
lifestyle, with improvements in all (except physical activ-
ity and diet) persisting at 12 months. Compared to usual 
care, there was a significant decrease in mean A1C at 
6 months (− 0.90 % ( P = 0.02)) in the ANC cohort at 6 
months, a − 0.51 % mean difference compared to usual 
care ( P = 0.07), which did not persist at 12 months [63].

• A multisite RCT of enhanced usual care (usual care plus 
biometric measurement) compared with enhanced usual 
care plus naturopathic care. Postal workers aged 25–65 
years with an increased risk of cardiovascular disease were 
invited to participate. Participants in both groups received 
care from their family physicians. Those in the naturo-
pathic group also received individualized care (health 
promotion counseling, nutritional medicine, or dietary 
supplementation) at seven preset times in work-site clinics 
by licensed naturopathic doctors. Of the 246 participants 
randomly assigned to a study group, 207 completed the 
study. Compared with the control group, at 1 year, those 
in the naturopathic group had a reduced adjusted 10-year 
cardiovascular risk based on the Framingham Risk Score 
(control: 10.81 %; naturopathic group: 7.74 %; risk reduc-
tion − 3.07 % [95 % confidence interval (CI) − 4.35 % 
to − 1.78 %], p < 0.001) and a lower adjusted frequency 
of metabolic syndrome (control group: 48.48 %; natu-
ropathic care: 31.58 %; risk reduction − 16.90 % [95 % 
CI − 29.55 % to − 4.25 %], p = 0.002.) [64]. A follow-up 
evaluation of the economic impact showed that these risk 
reductions had average net study-year savings of $1138 in 
societal costs and $1187 in employer costs [65].

These preliminary  findings suggest that the addition of na-
turopathic care to usual care may be an option for supporting 
patients through lifestyle behavior changes. The personal-
ized, holistic approach may appeal to some patients. Licens-
ing and insurance coverage remain issues that may be barri-
ers to access.

Functional Medicine
In 1990, Dr. Jeffrey Bland formulated the concept of func-
tional medicine, subsequently forming the Institute for Func-
tional Medicine (IFM) to educate and support the implemen-
tation of functional medicine across disciplines [66]. Ac-

cording to the IFM Web site, (www.functionalmedicine.org, 
accessed on June 1, 2014) functional medicine is:

a systems-biology approach to the prevention and management 
of chronic disease utilizing appropriate tools including nutrition, 
lifestyle, exercise, environment, structural, cognitive, emotional, 
and pharmaceutical therapies to meet the individual needs of the 
patient. …by shifting the traditional disease-centered focus of 
medical practice to a more patient-centered approach, functional 
medicine addresses the whole person, not just an isolated set 
of symptoms. Functional medicine practitioners spend time … 
looking at the interactions among genetic, environmental, and 
lifestyle factors that can influence long-term health and com-
plex, chronic disease.

Training through the IFM, and more recently some compet-
ing organizations, is available internationally to licensed 
health care professionals. The Accreditation Council for 
Continuing Medical Education accredits the IFM to provide 
continuing medical education for physicians. According to 
the IFM, more than 100,000 practitioners from 91 countries 
have been introduced to the principles and practices of func-
tional medicine [66]. Faculty members from one fifth of all 
US medical schools have attended the foundational training 
course, Applying Functional Medicine in Clinical Practice.

Clinicians are trained to first, based on the patient’s story, 
identify possible predisposing factors, triggering events, and 
mediators, as well as assess five categories of modifiable 
personal lifestyle factors: sleep and relaxation, exercise and 
movement, nutrition, stress, and relationships [67]. The next 
step involves evaluation of seven functional/biological sys-
tems to understand possible functional imbalances that un-
derlie the disease: assimilation, defense and repair, energy, 
biotransformation and elimination, transport, communica-
tion, and structural integrity. Assessments of these areas are 
often accomplished through the use of specialized testing. 
Then, customized interventions are created using tools from 
both conventional and integrative medicine, as well as life-
style adjustments.

Despite the escalating popularity of functional medicine 
among both health care professionals seeking a new way to 
care for patients and patients seeking a more personalized 
and holistic approach, there exist little data on the benefits of 
a functional medicine systematic approach. A pilot study of a 
functional medicine program, including a longitudinal com-
prehensive mindfulness-based therapeutic lifestyle change 
program in 26 patients with diabetes over 6 months, shows 
significant improvements in weight, waist circumference, 
body mass index (BMI), and patient-reported outcome mea-
sures (Five Facet Mindfulness Questionnaire (FFMQ) and 
Medical Symptom Questionnaire (MSQ); EuroQol’s EQ5D 
and Short Form 12 (SF-12); and the Summary Diabetes Self-
Care Activities Questionnaire (SDSC)). The publication 
does not provide additional information regarding how this 
functional medicine intervention differs from usual recom-
mended counseling on lifestyle factors [68].

http://www.functionalmedicine.org
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While frequently offered in private practices, a national 
survey of integrative medicine physicians in academic health 
centers reported that 34 % use some degree of functional 
medicine in their practices as well [69]. The functional medi-
cine movement is a growing player in the options available 
to patients. Additional research is needed to validate individ-
ual, programmatic, and economic components of this care 
option.

Homeopathy
Homeopathy is a system of medicine developed by the Ger-
man doctor Samuel Hahnemann in the early 1800s based on 
the law of similars, often described as “like cures like” [70]. 
For example, a substance known to cause vomiting, such 
as ipecac, may be thought to prevent emesis when used in 
extremely small doses. Additional core principles include 
those of using the minimum dose possible and the use of 
“potentization” whereby a substance is sequentially diluted 
and vigorously shaken between each dilution. Homeopathic 
products may be made from plants, minerals, and organic 
compounds. The 1938 Federal Food, Drug, and Cosmetic 
Act recognized all homeopathic preparations described in the 
Homeopathic Pharmacopeia of the United States (HPUS) 
as drugs. In addition to legalizing the manufacture and sale 
of homeopathic remedies in the USA, this Act permitted 
them to be regulated in the same manner as nonprescription, 
over-the-counter drugs. The US FDA currently regulates the 
manufacturing of homeopathic remedies but does not evalu-
ate their safety or effectiveness [71]. Licensure and scope 
of practice is determined by each state in the USA. Homeo-
pathic preparations are generally considered safe, although 
reports of contamination with heavy metals or medication 
have been reported [72].

Worldwide, the use of homeopathy for diabetes issues is 
quite common. In a study of children with type 1 diabetes in 
Germany, 42 % received CAM treatment, most commonly 
homeopathy (14.5 %) [73]. Among patients with diabetes at-
tending a public primary care clinic in Malaysia, homeopa-
thy was one of two most often cited natural therapies [74]. 
In contrast, a survey of a subset of academic health centers 
in the USA lists homeopathy among the least common pre-
scribed integrative therapies [75].

Despite the high international prevalence of use, there are 
few studies on the impact of homeopathy on clinical out-
comes in diabetes. Animal studies of the homeopathic prepa-
rations of Syzygium jambolanum and Cephalandra indica in 
rats with experimentally induced T2D reported beneficial ef-
fects on fasting blood glucose, serum insulin and insulin sig-
naling molecules in the skeletal muscle (gastrocnemius), and 
lipid profiles after treatment [76, 77]. Two recent prospec-
tive observational studies examined the benefit of individu-
alized prescriptions of homeopathic medications for patients 
with diabetic neuropathy. In one pilot study, comparing 32 

patients receiving homeopathic remedies to 29 controls, the 
treatment group reported significant improvements in the 
diabetic neuropathy symptom (DNS) score, as well as de-
creased cost of needed conventional drugs [78]. In a subse-
quent multicenter study ( n = 247), a significant improvement 
in symptom scores was noted at 12 months, but not identified 
in objective measures such as conduction studies [79].

Traditional Chinese Medicine
The overarching principle in the practice of traditional Chi-
nese medicine (TCM) is the achievement of a natural bal-
ance between Yin and Yang, the two opposing forces of the 
body represented in the ancient Chinese Taoism philosophy, 
dating more than 2500 years. When Yin and Yang become 
unbalanced, disease and dysfunction may occur. TCM en-
compasses many different practices in Asian medicine, in-
cluding acupuncture (insertion of fine needles into specific 
body points), moxibustion (burning a herb above the skin 
to apply heat to acupuncture points), herbal medicine, tui 
na (Chinese therapeutic massage), dietary therapy, and Tai 
Chi and Qigong (movements, postures, coordinated breath-
ing, and mental focus). Traditional systems of medicine also 
exist in other eastern and southern Asian countries, includ-
ing Japan (where the traditional herbal medicine is called 
Kampo) and Korea. Acupuncture is the most methodically 
studied aspect of TCM.

A systematic review of RCTs for manual acupuncture to 
treat diabetic peripheral neuropathy showed benefits from 
the use of acupuncture and select B vitamins. The analysis 
included 25 trials with 1649 participants but had generally 
poor methodological quality and a high risk of bias. The 
meta-analysis showed that manual acupuncture had a greater 
effect on global symptom improvement compared with B1 
and B12 vitamins, a combination of acupuncture and B vita-
mins, or no treatment. Adverse events were not reported in 
any trials [80].

In another systematic review regarding acupuncture and 
diabetic gastroparesis, 14 RCTs suggested that acupuncture 
treatment had a higher response rate than controls in signifi-
cantly improving dyspeptic symptoms like nausea, vomiting, 
loss of appetite, and stomach fullness. There was no differ-
ence in solid gastric emptying between acupuncture and con-
trol groups. However, most studies had a high risk of bias 
and small sample size (median = 62). The majority of the 
RCTs reported a positive effect of acupuncture in improving 
dyspeptic symptoms [81].

The TCM approach to diabetes is multipronged and indi-
vidualized to the patient’s constitution and diagnosed imbal-
ance of Yin and Yang, identified through the patient’s his-
tory, tongue appearance, and radial pulse palpation. Weekly 
or semiweekly treatments are recommended to start, with a 
course of 10 or more treatments performed before assess-
ing the overall effect on the patient and deciding to continue 
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therapy. Side effects are rare and can include vasovagal syn-
cope, infection, pain at needling sites, bruising, and organ 
puncture (extremely rare). Licensed acupuncturists (LAc) 
achieve the highest level of training in the field. Other health 
care providers, usually physicians and chiropractors, may 
pursue shorter courses of training in acupuncture to enhance 
their clinical practice and patient outcomes.

Ayurvedic Medicine
Ayurveda, which means “science of life,” is derived from the 
Sanskrit words ayur meaning life and veda meaning knowl-
edge. In Ayurveda, all objects and living bodies are composed 
of five basic structural elements, or panchamahabhutas, 
namely earth, water, fire, air, and vacuum (ether). Ayurveda 
espouses the theory of tridoshas, namely vata (ether and air), 
pitta (fire), and kapha (earth and water) that are physiologi-
cal entities in living beings. Good health is achieved when 
the five structural elements and the three doshas are in a 
state of equilibrium. Any imbalance due to internal or exter-
nal factors may cause disease. Ayurvedic treatment seeks to 
balance these elements with medicines (plant, animal, metal, 
or mineral derived), diet, exercise, yoga, breathing exercises, 
and lifestyle.

Ayurvedic practitioners also treat diabetes with a multi-
pronged approach, including herbal medicine. For example, 
shilajit, turmeric, neem, coccinea indica, amalaki, triphala, 
bitter gourd, rose apple, leaves of bilva, cinnamon, gymne-
ma, fenugreek, bay leaf, and aloe vera are some Ayurvedic 
diabetes medicines [82, 83].

A systematic review looked at several Ayurvedic herbal 
formulas and a whole-systems approach. Significant glu-
cose-lowering effects were seen with the use of some herbal 
mixtures, but the studies had methodological deficiencies 
and small sample sizes [84].

There are reports of heavy metal contamination (such as 
lead) in herbal preparations resulting in intoxication [85]. 
There are also reports of some herbal products contaminated 
with oral hypoglycemic agents that could lead to adverse ef-
fects, such as hypoglycemic episodes [86].

Economics of CAM Use in the USA

Integrative medicine therapies are mostly spent out of pock-
et. In the National Health Interview Study in 2007 [16], 
more than 30 million adults reported out-of-pocket expen-
ditures on CAM services, and of these individuals, 7.2 mil-
lion were heavy CAM spenders with a mean annual expen-
diture of $1385. The top 25 % of CAM spenders accounted 
for $10 billion of the $13.9 billion spent nationally on CAM 
in 2007[16]. Of the $13.9 billion spent in 2007, 60 % was 
spent on manipulative and body-based therapies, 24 % on 
mind–body therapies, 10 % on alternative medical systems, 

and 6.4 % on biologically based therapies and energy healing 
therapy [87].

Adults in the highest quartile were more likely to reside in 
the Northeast or the West and less likely to reside in the Mid-
west, and were more likely to be older, female, non-Hispanic 
white, unmarried, and more educated. When compared to the 
$2.6 trillion spent on conventional health care [88], total ex-
penditures on CAM ($13.9 billion) are small yet impressive.

Health Policy and Integrative Medicine

Public Health Service (PHS) Act Sect. 2706(a) in the Afford-
able Care Act states that a “group health plan and a health in-
surance issuer offering group or individual health insurance 
coverage shall not discriminate with respect to participation 
under the plan or coverage against any healthcare provider 
who is acting within the scope of that provider’s license or 
certification under applicable state law.” The law does not 
require “that a group health plan or health insurance issuer 
contract with any healthcare provider willing to abide by the 
terms and conditions for participation established by the plan 
or issuer,” and nothing in the provision prevents “a group 
health plan, a health insurance issuer, or the Secretary from 
establishing varying reimbursement rates based on quality 
or performance measures.” This provision does not require 
plans to accept all types of providers into a network nor does 
it govern provider reimbursement rates [89, 90]. The intent 
of this provision is to give consumers greater choices among 
the types of health care providers they visit, particularly ho-
listic health care providers such as acupuncturists, chiroprac-
tors, massage therapists, and naturopathic physicians with 
the potential for insurance coverage, should these therapies 
gain inclusion in the individual’s health plan.

Conclusion

With the great variety of diabetes therapies to choose from, 
whether conventional or complementary, the clinician has 
the daunting task of weighing the optimal treatment plan for 
his/her patient to achieve the best possible outcome. Vari-
ous resources are available to physicians and other health 
care professionals to assist with this decision-making and are 
provided in Table 18.2. Glycemic control, symptom relief, 
reduction of morbidity and mortality, and enhancement of 
quality of life with a greater sense of well-being describe true 
success in managing the whole person with diabetes. In ad-
dition to weighing the evidence base for complementary and 
conventional therapies, factors such as time, finances, insur-
ance coverage, cultural values, disease severity, and wellness 
objectives must come together to inform clinicians on de-
signing the most sensible and effective treatment packages 
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for their patients. In a nutshell, the role of integrative medi-
cine is consistent with the definition of lifestyle medicine 
as the nonpharmacological and nonsurgical management of 
chronic disease. The critical point, however, is whether the 
particular integrative medicine modality being considered is 
deemed safe and effective for the target indication.
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Introduction

The successful implementation of lifestyle medicine as a pub-
lic health initiative depends on an effective population-based 
disease screening and risk stratification program, availability 
of a broad range of interventions, an educational system that 
increases the number of well-trained health-care profession-
als (HCP), and an infrastructure capable of funding, perform-
ing, and completing high-quality research. However, a critical 
element of this plan is to have a lifestyle medicine program 
nimble enough to manage people from different cultures, in 
whom chronic disease is expressed differently and interven-
tions can have a wide range of targeted effects. The recogni-

tion of these cultural influences is generally excluded from 
mainstream medical practice, education, and research and 
poses a threat to the success of this burgeoning field of life-
style medicine. Nonetheless, the basic principles of transcul-
tural adaptation of health care can be provided to optimize 
lifestyle medicine.

What Is Transculturalization?

The term “culture” generally refers to the clustering of 
nonphysical attributes that distinguish categories, or popu-
lations, of people (Table 19.1). This is differentiated from 
race, which is a clustering of physical or genetic characteris-
tics common to a group of people but can include ethnicity, 
which is based on ancestry and genealogy. In any medical 
discussion of culture, the concept of cultural relativism is 
recognized, that is, having no superiority or inferiority of one 
culture over another. As a corollary, ethnocentrism (the judg-
ment of another culture based on one’s own culture) is avoid-
ed. Furthermore, the widespread and fixed conceptualization 
of another’s culture is described as a stereotype (cognitive), 
with or without an element of prejudice (affective/emotion-
al) and/or discrimination (behavioral/action). Hence, even 
though cultural sensitivity is critical for effective lifestyle 
medicine, it also poses challenges for HCP comportment: 
the HCP must engage, listen, think, understand, and then act, 
without bias, appropriately and sensitively.

Important cultural factors that bear on medical decision-
making include gender roles, language barriers, and attitudes 
toward food, physical activity, and exposures to environ-
mental toxins. Socio-economic factors are a prime driver of 
cultural differences. This is particularly evident when consid-
ering the care of low-income patients. Poverty is associated 
with fatalism, loss of control and autonomy, greater need for 
governmental assistance, drug and alcohol abuse, dysfunc-
tional family life and difficulties with socialization, low self-
esteem, community disengagement, and a lower overall level 
of health [1]. In fact, there is a vicious cycle wherein poor 
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health also contributes to poverty [1]. This ultimately mani-
fests as increased risk for disease and their complications, 
longer recovery times and health-care expenses, greater 
post-illness morbidity, and decreased accessibility to health 
care. The complex interactions of each of the attributes in 
Table 19.1 create unique cultures and subcultures both inside 
and outside of the USA necessitating a formalized approach 
to tailor culture-specific lifestyle interventions—a process 
newly referred to as “transculturalization.”

The nascent term transculturalization denotes the pro-
cess of adapting concepts and recommendations for a spe-
cific culture. This process is differentiated from accultura-
tion, which describes changes that occur when two or more 
cultures interact. As a result of acculturation, there may be 
a loss of one culture, or deculturation, and formation of a 
new culture, or neoculturation. Another related term for the 
creation of a new culture from the merging of two or more 
cultures is transculturation (to be differentiated from trans-
culturalization).

With respect to lifestyle medicine, the importance of 
transculturalization is to enable adaptation of recommenda-
tions based on evidence from one culture or study population 
to be implemented for an individual patient of a different 
culture. A methodology for transculturalization has been de-
tailed in a recent “transcultural Diabetes Nutrition Algorithm 
(tDNA)” program initiated in 2010, templated in 2012 [2], 
reported for six regions in 2012–2014 (Canada, India, Ma-
laysia, Mexico, Southeast Asia, and Venezuela) [3–8], and 
content-validated in 2014 [9]. In this tDNA protocol, scien-
tific evidence is vetted, integrating local cultures when pos-
sible, and then adapted by local thought leaders in diabetes 
and nutrition. The salient transcultural features for lifestyle 
intervention for these six regions are provided in Table 19.2 
and reviewed in 2015 by Hegazi et al. [10].

Biological Drivers for Cultural Differences in 
Chronic Disease

In the mitochondrial haplotype model championed by Wal-
lace [11], a rapid mitochondrial DNA mutational rate adapts 
to a rapidly changing environment. Specifically, as humans 
migrated north from the southern African continent, some 
populations split off and ventured further northeast through 
what is now Siberia, crossing the land-bridge over the Bering 
Strait into North America. These colder climes affected mi-
tochondrial gene expression and cellular energetics affecting 
glycemic status, adiposity, lipid metabolism, and even risk 
for cardiovascular disease (CVD) [11]. Thus, mitochondrial 
haplotypes may prove to be markers of cardio-metabolic risk 
that segregate among specific cultures.

Exposure to pollutants and endocrine disrupting com-
pounds (EDC) has also been associated with the development 
of various chronic diseases, especially those that are meta-
bolic in nature [12–14]. These agents exert effects via certain 
molecular targets, such as PPAR, RXR, and steroid receptors 
[15]. Some EDC, such as bisphenol A [16], as well as artificial 
sweeteners [17, 18], are associated with overweight/obesity 
possibly through mechanisms that involve intestinal taste re-
ceptors, microbiota, entero-insular, and neuronal pathways.

Allostasis is an adaptive response to stress that incorpo-
rates different (allo-)pathways and signals to achieve a new 
stable physiological state. In other words, allostasis reflects 
“stability through change” and is contrasted with homeosta-
sis, which reflects “resistance to change.” In a rapidly chang-
ing environment, that may be unique for a particular culture, 
survival depends on the ability to adapt. In the allostasis 
model of stress, this process of adaptation is complex and 
necessarily involves the brain, with the endocrine system 

Table 19.1  Cultural attributes and relevance
Attribute Relevance to lifestyle interventions
Genetic/epigenetic system interactions and laboratory values Different responses to nutrients, stress, and/or other environmental cues
Anthropometrics (e.g., BMI, WC and WHR) Body composition changes that are associated with chronic disease risk 

and responses to therapy (e.g., sarcopenic obesity)
Religion, ancestry, linguistics, political ideology, gender roles, and 
personal space orientation

Contributes to behaviors and attitudes

Food sourcing, availability, policy, politics, and culinary styles Individually or in aggregate affect healthy or unhealthy eating patterns
Socio-economics Strong driver for need and adoption of lifestyle interventions
Climate, geography, crime, and environmental safety Affect type and levels of physical activity and stress
Use of dietary supplements, nutraceuticals, and other forms of 
alternative care

Introduce risks and benefits into a comprehensive lifestyle intervention

Exposure to pollutants, endocrine disruptors, tobacco, and excess 
alcohol

Mitigate benefits and/or cause occult or overt harm

Local health-care practices and public advocacy programs Affect early detection of chronic disease, accessibility to care, and 
implementation of interventions

Medical school curricula and continuing education Determines number of qualified HCP in lifestyle medicine
Infrastructure for scientific medical research Improved evidence base to develop improved and novel lifestyle 

interventions
BMI body mass index, HCP health-care professional, WC waist circumference, WHR waist-to-hip ratio
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figuring prominently. The physiological cost of adaptation 
is expressed as allostatic load, and when there is an exces-
sive amount or duration of stress response which may not be 
repayable, there is allostatic overload and expression of dis-
ease. Examples of specific allostatic models include ß-cell 
function and diabetes (via MicroRNA regulation [19], mito-
chondrial toxins, inflammation, aging [20], alcohol use [21], 
critical illness [22], changes in neuro-circuitry with mental 
illness and addiction [23], network complexity with nutrient 
excess [24], and obesity in pregnancy [25]).

Eating Patterns

One of the key components of a healthy lifestyle is healthy 
nutrition. Unfortunately, there are many perspectives of what 
exactly constitutes healthy nutrition. For instance, is it the 
consumption of:
• proper amounts of macronutrients (e.g., carbohydrate, fat, 

and protein) according to population-based guidelines,
• a scientifically proven diet for a specific population with 

a specific endpoint according to interventional studies, 
or…

• “good” foods and not “bad” foods based on opinion or 
anecdotal evidence?

Alternatively, is it a more holistic approach to the whole 
foods consumed, especially with respect to the biochemical 

and molecular composition of the entire diet? This last view-
point describes the concept of eating patterns, which are a 
representation of the totality of nutrients consumed over a 
particular time period rather than just at a single meal [26]. 
Other attributes of eating patterns include:

• aggregate of different diets with combinatorial and aver-
aging effects among individual components,

• context of chronic disease risk reduction,
• multiple scales, ranging from individual foods, to nutri-

ents, to individual molecules,
• influence on a physiological steady state that may require 

years to achieve, rather than instantaneous effects [26].

There is a relationship between increased CVD risk as typi-
fied by the Western diet that is high in saturated fats from 
processed and red meat, butter, and dairy, as well as refined 
grains, eggs, and French fries compared with decreased 
CVD risk with a prudent diet that is composed of fruits, veg-
etables, whole grains, legumes, and vinegar salad [27]. In 
a study by Appel et al. [28], a plant-based eating pattern, 
high in fruits and vegetables, along with reduced saturated 
fat (similar to the Dietary Approaches to Stop Hypertension 
(DASH) diet) was associated with improved control of hy-
pertension [28]. Janssen et al. [29] found that sweets con-
sumption was associated with increased obesity risk among 
34 different countries. Another important example is the 
Mediterranean eating pattern that is high in monounsaturated 

Table 19.2  Select transcultural lifestyle medicine adaptations in eight regions of the world
Attributea Parameter USA Canada India Malaysia Mexico Southeast 

Asia
Venezuela

Reference [2] [6] [4] [5] [8] [3] [7]
A BMI cutoffsb 25 25 23 23 25 23 25

30 30 25 23 30 25 27.5
A WC cutoffsc 101.6 M 101.6 M 90 M 90 M 90 M 90 M 94 M

88.9 F 88.9 F 80 F 80 F 80 F 80 F 90 F
E PA 75–150 min/

week
150 min/week 60 min/day 5 day/week 60 min/day 150 min/week 30 min/d

5–7 day/week
F Fatd < 30 < 35 20–25 25–35 < 30 25–30 25–30

< 7 < 7 < 7 < 7 < 7 < 7–10 < 7
200 – < 200 < 200 < 200 < 200–300 < 200

F Carbohydratee 45–65 low GI 60 low GI 60–70 45–65 low GI 45–65 low GI 45–65 45–55
F Proteinf 15–20 15–20 12–18 15–20 15–20 15–20 15–20
G A1C% 

cutoffsg
5.7 6.0 5.7 – – – –

6.5–7.0 6.5 6.5 6.5 7.0 – 7.0
BMI body mass index, GI glycemic index, PA physical activity, WC waist circumference, A1C glycated hemoglobin
a A—anthropometric, E—environment, F—food, G—genetic-epigenetic-laboratory
b Overweight (top) and obese (bottom) lower limit values (kg/m2)
c Low-high risk; M male; F—female (in cm)
d Amounts of total fat (%; top), saturated fat (%; middle), and cholesterol (mg/d; bottom); for Canada—eating patterns are emphasized and no 
specifications for dietary cholesterol
e % carbohydrate of total daily intake
f  % protein of total daily intake
g Prediabetes (top) and diabetes (bottom) lower-limit values; not diagnostic by itself for any region
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fatty acids and associated with reduction in CVD risk [30, 
31]. A summary of unhealthy eating pattern components for 
targeted intervention among different cultures is provided in 
Table 19.3.

Transcultural effects of eating patterns incorporate several 
important principles. Food sourcing, food policy, and food 
politics issues result from socio-economic and political in-
frastructures within a particular region where one or several 
cultures reside. Although these attributes are not biologically 
grounded, they inevitably trump all other variables in de-
termining final eating patterns for the majority of a society. 
Therefore, efforts to improve health and lifestyle for cultures 
of vulnerable, impoverished regions will undoubtedly re-
quire the arduous task of political and social reform. Impos-
ing regulatory changes such as reducing or eliminating trans 
fats or sugar sweetened beverages are not likely to succeed 
on their own—a much greater commitment and critical mass 
of legislative acts, on a systems level, may be necessary, 
though this is certainly not going to be an easy chore [32].

On the other hand, food preferences (e.g., taste, flavor, 
mouthfeel, chemesthesis, texture, aroma, visual impact, and 
auditory impact) and preparation (including safe practices 
and the culinary arts) are based on ancestral, social, and famil-
ial cues, and in many cases, cannot be gleaned simply from 
studying written material but must be experienced and con-
templated for a pragmatic understanding [33]. Lastly, food-
body interactions at the molecular level play a role in the ex-
pression of eating pattern effects on chronic disease metrics 
and outcomes. More specifically, the portfolio of molecules 
in whole foods that comprise a person’s eating pattern inter-
act in a complex fashion with that person’s own epigenome 
and metabolome to produce clinical events [34]. In sum, the 
manifold interactions of these descriptors can theoretically 
produce unique culturally specific eating pattern effects on 
chronic disease, but this novel model will require validation 
in order to optimize personalized interventions.

Physical Activity

Physical activity, and the implicit antonym “sedentary life-
style,” affects chronic disease risk independent of other life-
style interventions. The incentive and practice of particular 

physical activities is also subject to a host of cultural factors, 
such as climate, terrain, safety, socialization, availability, 
logistics, and economics. Moreover, ethnicity- and culture-
related body composition types, such as leanness, sarcope-
nia, obesity, and fat distribution modulate the physiological 
effects and comfort associated with publicly performing 
physical activity.

Perhaps the best example is India where sarcopenic obe-
sity, or over-and-under malnutrition, is evident among many 
people at higher risk for CVD [4]. In this condition, owing to 
a relatively lower median daily protein consumption (about 
8 % of the total diet, compared with 15–20 % in other cul-
tures), there is relatively less muscle mass. Note that the 
lower protein consumption is in large part due to economic 
factors and a high prevalence rate of poverty. With economic 
change among a sector of the Indian population (“transition-
al economy”), there is increased consumption of a Western-
type unhealthy eating pattern and consequent increase in 
fat mass. Therefore, even with normal or near-normal BMI 
(18.5–22.9 kg/m2 for Asian Indians), the decreased muscle 
and increased fat mass can produce a state of insulin resis-
tance and increased CVD risk.

In another example, those living in the Persian Gulf states 
have decreased vitamin D nutriture [35]. This rather counter-
intuitive finding is due to the avoidance of outdoor activi-
ties or donning of protective clothing as a result of the very 
hot and sunny environment or religious (Islamic) custom. 
In addition, the high and still increasing prevalence rates 
of type-2 diabetes (T2D) and obesity may be due in part to 
downstream effects of vitamin D undernutrition, further il-
lustrating not only complex interactions of various lifestyle 
drivers (nutrition, physical activity, and behavior) but also 
culturally sensitive aspects.

In a third example, people living in Venezuela, a region 
also prone to increased obesity, T2D, and CVD risk, ex-
hibit unhealthy lifestyles. This is now a society in political 
turmoil on the verge of economic collapse with increasing 
poverty. But among the multitude of emerging unhealthy 
habits is a realization that decreased levels and amounts of 
outdoor physical activity stem from fears relating to safety 
and major crimes; chief among these are express kidnap-
pings and staged, planned kidnappings [7]. Here, one can 
appreciate the impact of allostatic stress responses on human 

Table 19.3  Culture and region specific eating pattern problems for targeted intervention and reference healthy eating pattern
Culture/Region Unhealthy eating pattern component Reference
Western High protein, saturated fat, processed meats, refined grains, sugar, sugar and artificially sweetened bever-

ages, alcohol, fast foods, excess calories, with energy dense foods, social pressure
[2, 6, 27]

Asian Glutinous (polished) rice, lower protein, high sodium, alcohol, frequent snacking and festivals (India), 
social pressure

[3–5]

Latin American High alcohol and sweetened soda, low in fresh fruits and vegetables, high starch, high fast foods, excess 
calories, social pressure

[7, 8]

Reference: healthy High MUFA, n-3 PUFA, fiber, pulses, plant-based, low-fat dairy, high antioxidant, whole grains, seafood 
and lean meats, farm-to-table sourcing, organic

[2, 6, 26, 27]

MUFA monounsaturated fatty acids, n-3 PUFA omega-3 polyunsaturated fatty acids

O. Hamdy and J. I. Mechanick
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behavior and the appearance of unhealthy lifestyle practices 
and chronic disease. Various transcultural physical activity 
factors are provided in Table 19.4.

Case Studies

Latino Culture

Patient Presentation A 16-year-old Mexican American 
boy is seen at the request of his parents for weight gain; the 
mother is currently being treated for her T2D. The patient 
is quiet during the interview and does not volunteer much 
information, even though he speaks English very well. The 
parents verbalize great problems with increased screen time 
(television viewing, computer games, and surfing the Inter-
net) with very little outdoor playtime. The patient does not 
eat well at family mealtimes but is seen by his parents eat-
ing chips and other high calorie snack foods at home and is 
suspected of eating out at Mexican and American fast food 
restaurants with his friends. He is not doing well in school, 
and the teachers have reported various behavioral problems. 
The family recently moved to New York City from Mexico 
and lives in a community with other Mexican Americans. 
Past medical history is negative and the patient does not take 
any medication. The parents are unaware of any tobacco or 
drug use. There is a strong family history of T2D, obesity, 
and heart disease. The exam is remarkable for increased 
adiposity and BMI without evidence of hypothyroidism or 
hypogonadism. He is neurologically and cognitively normal. 
There is mild acanthosis nigricans behind the neck.

Cultural Factors Insulin resistance and T2D are preva-
lent among Mexican Americans and are particularly seri-
ous issues among Mexican children [8]. The patient here is 
clearly at higher risk for insulin resistance and developing 
T2D, necessitating an effective preventive lifestyle medicine 
approach despite the “Hispanic Paradox,” that is, Hispanics 
have the longest life expectancy among the three major main 
ethnic/race groups in the USA despite their higher prevalence 
of CVD risk factors and socio-economic disadvantages [36]. 
Although he has retained some Mexican cultural behaviors, 
it appears he is acculturating to an American way of life but 

without access to healthy lifestyle behaviors. Further discus-
sion with the patient alone (the parents were asked to leave 
the examination room) demonstrates a more verbal patient 
who admits to consuming a high-starch, high-refined-sugar 
(including sugared soda), and low-fiber (very little fresh 
fruit or vegetables) eating pattern. He also admits to going 
out to eat locally with friends for pizza and other American-
style fast foods late at night but also some traditional torti-
lla, beans/rice-based cuisine. He admits that he would like 
to participate in group sports but is uncomfortable with his 
appearance and feels funny running at school. Overall, the 
impression is that he wants to be healthy.

Transculturalized Recommendations Again, without the 
parents in the room, educational materials are provided and 
discussed regarding good nutrition and different types of 
physical activity, including just walking or climbing stairs 
more often. The patient was afforded the majority of the 
time to speak, and at opportune times, small changes in eat-
ing were suggested. These included incorporating an apple, 
pear, or berries for a snack instead of chips, substituting diet 
or no sugar beverages instead of sugared sodas, and includ-
ing some more vegetables. It was further explained that the 
American culture does not always consist of fast foods and 
watching TV, rather there is an increased interest in being 
healthy, and specific places to go to for healthy eating as 
well as ways to augment physical activity without formal 
exercise were provided. His parents were invited back into 
the room, and all the information was summarized with the 
patient playing a greater role in the discussion, reflecting an 
acceptance of responsibility. Labs were drawn to evaluate 
for other aspects of metabolic syndrome, and the possible 
use of metformin was discussed but deferred for this initial 
consultation. The patient continues to be seen in follow up 
with good response. The key points here are:

• Childhood obesity and prediabetes/T2D are major prob-
lems in the Mexican American community.

• Acculturation can be directed to a healthy American 
way of life and away from more stereotypical unhealthy 
American practices.

• Shifting eating patterns away from high starch and sugar 
content are a high priority.

Table 19.4  Transcultural physical activity factors and reference healthy profile
Culture/region Physical activity factors Reference
Western Sedentary lifestyle and spectator participation in sports. Obesity and stigmatization in gyms and outdoor 

facilities. Increased screen time for children (video, computer, games). Insufficient urban planning (running/
walking trails, etc.)

[2, 6]

Asian Transitional economy and urbanization, alcohol Increased mechanization, increased screen time. Increasing 
sedentary lifestyle, poverty Sarcopenia (India). Bias that “obesity” = “health” = “wealthy”. Extreme heat and 
sunlight (southern climes). Protective clothing (religious, sun exposure)

[3–5]

Latin American Sedentary lifestyle, poverty, alcohol, crime. Increased television viewing. Urban planning (not conducive to 
walking)

[7, 8]

Reference: healthy At least 150 min/week moderate activity. Include progressive resistance training [2, 6]
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• Increasing physical activity is a high priority.
• Lifestyle education and conversation in a culturally sensi-

tive fashion is very important.

Asian Indian Culture

Patient Presentation A 30-year-old Asian Indian American 
presents with “brain fog.” He is a very successful business-
man, and until recently had a stable relationship with his 
girlfriend and happy life. He was complaining of some scalp 
hair loss and started on branded finasteride therapy with-
out adverse effects. Approximately 3 months ago, he was 
changed to a generic finasteride formulation and within a few 
weeks developed symptoms of lightheadedness, progressive 
through the day, difficulty concentrating, decreased libido, 
some agitation and anxiety, moodiness, shakes, and just not 
feeling well. This was progressive, possibly related to meals, 
and after seeing numerous specialists with negative findings 
was referred by friends in the Asian Indian community. He 
consumes more of a typical American diet than a typical 
Asian Indian diet (rice-based with vegetables fully cooked). 
Nevertheless, he enjoys a New York bagel each morning, 
and overall, his eating pattern is high in starch and sugar. 
The past medical history was negative and the family history 
remarkable only for his mother who had T2D. Examination 
was unremarkable; specifically, there were no clinical signs 
of hypothyroidism, hypogonadism, orthostasis, acanthosis 
nigricans, adrenal disease, or significant mood alteration. He 
was lean with a normal BMI. Biochemically, the evaluation 
was positive only for a subtle A1C elevation to 5.7 % and 
increased insulin response with oral glucose tolerance test-
ing. The patient telephoned numerous times with symptom 
exacerbation (without any interventions) and wanted to return 
within the week to review all the findings. He explicitly said 
he would do anything that was recommended to feel better.

Cultural Factors There is an increased and increasing prev-
alence rate among Asian Indians for T2D with certain quali-
fiers: more postprandial > fasting hyperglycemia, associa-
tion with lower BMI and sarcopenic obesity, and a context 
of high-carbohydrate–low-protein eating patterns (primarily 
due to increased glutinous (polished) rice [4]. In this case 
presentation, there was a suspicion of an idiopathic post-
prandial syndrome accounting for the symptoms, supported 
historically and with subtle biochemical findings of predia-
betes. A careful review of his eating pattern revealed a gen-
erally healthy profile with a trend for symptoms occurring 
after incorporation of high glycemic index starches.

Transculturalized Recommendations Based on a presump-
tive diagnosis of prediabetes, structure and some hard rules 
were suggested to incorporate protein with each meal, 

minimize simple starches and sugars, eat raw or lightly 
steamed vegetables, and snack between meals. This afforded 
some relief. In a subsequent follow-up visit, he was accom-
panied by friends and family—more typical of the Asian 
Indian community practice when visiting doctors. The con-
versation dwelled on symptoms, behaviors, and mood. Fam-
ily and friends all played an important role in supporting the 
doctor’s counseling. Further inquiry confirmed and focused 
on the clear association of symptom development with the 
transition from branded to generic finasteride, and the pos-
sibility of post-finasteride syndrome [37] was raised. Fin-
asteride, a synthetic 5α-reductase inhibitor (to decrease the 
conversion of testosterone to dihydrotestosterone, DHT), is 
associated with the persistence of the following symptoms, 
among others, even after medication discontinuation: brain 
fog and cognitive impairment, decreased libido and erectile 
dysfunction, and depressed mood [37]. The pathophysiol-
ogy of post-finasteride syndrome is unclear. In this clinical 
case, the medication was stopped, and after another month, 
symptoms improved. However, even with dietary changes, 
anxiety over a deteriorating relationship with his girlfriend 
and fear of lifelong symptoms persisted. At this point, spiri-
tualism and traditional Asian Indian healing practices were 
discussed through direct face-to-face, engaged communica-
tion and caring. He was referred for yoga and transcenden-
tal meditation training while also encouraged to participate 
in regular, daily exercise, including progressive resistance 
training to increase muscle mass. After another month, his 
symptoms were 90 % abated, and he was very pleased that 
additional medications were not used. He continues to feel 
well, despite restarting a low dose of branded finasteride, 
along with his new healthy eating pattern, Eastern healing 
practices, and increased physical activity. The key points 
here are:

• Recognition that insulin resistance and cardio-metabolic 
risk factors are prevalent in Asian Indians but with certain 
differences compared with Caucasians.

• More extensive history-taking, detailed empathetic con-
versation, and consideration of spirituality, especially in 
a supportive setting with family and friends present, is an 
effective method of information gathering and for design-
ing therapeutics.

• Consider various complementary medicine practices, 
such as meditation and yoga.

• Probe the dietary history for sources of high-glycemic 
index foods, such as glutinous rice and well-cooked 
starchy vegetables, and gradually replace with other car-
bohydrates, such as raw/steamed vegetables, pulses (len-
tils, beans, peas, and nuts), and/or whole grains.

• Increase high biological quality protein and resistance 
training to increase muscle mass and improve eating pat-
terns.
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Conclusions

Transculturalization should be viewed as yet another cogni-
tive layer in lifestyle medicine practice, education, and re-
search, recognizing that people are different, not only among 
different foreign regions on a global scale but also among 
different ethnicities and cultures within a domestic target 
population. Optimizing the transcultural approach to lifestyle 
medicine in chronic disease management would involve ac-
quisition of local, relevant scientific evidence. At present, 
the scientific substantiation for implementing a transcultur-
alization approach is primarily epidemiologic in nature and 
not yet validated with interventional studies. HCPs should 
take extra care to converse and think about these factors 
with each routine patient encounter prior to presenting rec-
ommendations. This creates an improved understanding of 
cultural factors and more efficiently incorporates beliefs and 
nuances into structured lifestyle medicine practice.
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Introduction

Community partnerships are a key component of translat-
ing lifestyle medicine into a patient’s daily life. However, 
it is not often clear how to approach the development of 
these community partnerships. This chapter will provide a 
framework to address the needs of a diverse population and 
rationale for how to include cultural factors. Recommenda-
tions will be based on lessons learned from working in two 
federally qualified health centers (FQHCs) where resources 
are quite limited and community partnerships are becoming 
an increasingly important aspect of removing barriers to pa-
tient care.

The ability to work with community agencies (appropri-
ate community referral resources that support the imple-
mentation of healthy lifestyles) has been identified as one of 
the core competencies for lifestyle medicine [1]. Accessing 
community-based resources is also one of the key compo-
nents of the Chronic Care Model [2]. The use of these re-
sources is critical in moving health behavior changes beyond 
a short-term programmatic intervention and can also serve 
an important role in expanding the treatment team beyond 
the clinic walls.

Community partnerships can serve a dual purpose in that 
they reinforce lifestyle changes in the patient’s daily life and 
direct the community toward a larger goal of improving a 
population’s overall health. Ideally, community-based pro-
grams are situated near a person’s neighborhood and local 
environment, incorporating group members who are inte-
gral to positive behavioral change [3]. The programs expand 
services that a clinic can offer while assuring services are 
convenient and relevant to the community at large. This can 
help identify and alleviate cultural factors that might other-
wise serve as a barrier to patient engagement. Identifying 
the assets of a community, that is, focusing on the existing 
strengths that exist within a community, by using one of 
many asset mapping tools is one of the first steps in conduct-
ing a community-health needs assessment [4].

Community partnerships and coalitions derive from com-
munity organization and community engagement, which is 
part of the “built environment” and represents a key con-
textualization element of health promotion, chronic dis-
ease management, and lifestyle medicine implementation, 
research, and policy-making. Community organization de-
scribes the initial natural, usually spontaneous, and local 
process of forming a community. Community engagement is 
a policy initiative; it is the dynamic process of constructing 
relationships, or partnerships, as part of a global strategy to 
improve life within the community, oftentimes in response 
to hazards, undesirable events, or adverse derived metrics 
about the population. Rather than being tokenistic, commu-
nity engagement has recently been formalized, backed by 
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various levels of government support, and requiring accep-
tance and bona fide involvement of health care professionals 
(HCPs) [5].

There are many models and theories that comprise the 
philosophical framework for community engagement. En-
hancing participation in relationships through volunteerism 
is a critical component for these models to build community-
based networks [6]. The Centers for Disease Control and 
Prevention (CDC) social ecological model of health promo-
tion programs describes four levels: individual, relationship, 
community, and societal [7]. In this model, the role of the in-
dividual is considered within the context of society and cul-
ture and consists of multiple levels, or scales, of networking: 
intrapersonal, interpersonal, community, organizational, and, 
finally, social systems [8]. The SaludABLEOmaha initiative 
incorporates the triad of social cognitive, social network, and 
social movement theories; the last one includes community 
readiness [9]. In the community readiness model, there are 
nine stages:

• no awareness,
• denial or resistance,
• vague awareness,
• preplanning,
• preparation,
• initiation,
• stabilization,
• confirmation or expansion,
• high level of community ownership [7].

Community-based participatory research (CBPR) is an ap-
proach with growing acceptance to address health and well-
being issues, especially in disadvantaged communities [10] 
(Table 20.1). Key aspects of CBPR include a participatory 
nature, partnerships based on equitable collaboration, co-
learning and sharing of expertise within a network of part-
nerships, systems development and durability, fair empower-
ment for decision-making, and data-driven action or imple-
mentation [10].

Community-based relationships incorporate specific at-
tributes. Examples include improvements in neighborhood 

design, accessibility of recreational spaces and facilities, 
walkability, and nutritional resources; these and other attri-
butes comprise the social determinants of health or the built 
environment. Developing these relationships in the rural 
setting is a particular challenge and has been addressed by 
Kilpatrick [11]. Some specific health promoting assets and 
liabilities in the community are summarized in Table 20.2. 
Community engagement also incorporates cultural factors: 
nonphysical attributes shared by members of a group, in-
cluding behaviors, socioeconomics, religion, attitudes, poli-
tics, etc. Virtual communities are Internet-based or incorpo-
rate other modalities of social networking and also qualify as 
a means for engagement.

A continuum of community involvement has been ad-
vanced by McCloskey et al. [12] and migrates from out-
reach, to consult—involve—and collaborate, and ends with 
shared leadership. Community engagement improves project 
design and logistics, translating results into change, ethics, 
public involvement, and collaboration with organizations 
and academia [12]. Although many benefits are aspirational 
and realized, there are some participants who experience 
negative effects of community engagement, such as fatigue, 
stress, and disappointment [13]; thus, the role of community 
engagement is complex and needs further research and clari-
fication for optimization.

Prioritization Using Maslow’s Hierarchy

One of the challenges for working in an FQHC, particularly 
in a rural area, is addressing the needs that potentially im-
pair patient engagement in care models. One remedy incor-
porates Maslow’s hierarchy of needs, wherein patients are 
less able to engage in high-level needs until baseline needs 
are met [14]. In order to improve the outcomes of interven-
tions, it is beneficial to develop a network of partnerships 
with community agencies.

Working with local agencies increases community partic-
ipation with the dividend of addressing cultural factors that 
impact patient–community engagement. The population of 
the USA is becoming more diverse [15], and in order to meet 

Table 20.1  Community-based participatory research (CBPR) attributes. (Adapted from [10])
Attribute Comment
Collaborative Everyone participates in some fashion with a fair division of labor
Culture Representation, personnel, and activities are culturally sensitive with respect to all aspects of the community;
Diversity Representation from different components of the community across scales (e.g., local and integrated health care systems, 

academia, and “at-large” members)
Durability The process is scalable: starting small and building infrastructure and credibility over time
Equitableness Involving multiple tools (e.g., questionnaires) and groups (e.g., committees and boards)
Feedback Process evaluation regarding CBPR adherence to assess, modify, and improve
Leadership Part of a governance strategy including steering committee, subcommittees, representatives, organizers, and advocacy groups
Scientific To be incorporated at design, content, and implementation levels
Tangible Support and incentives for participation and action (e.g., academic partners, grants, and gift certificates)
Trust Establish early in the process
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the varied needs of the population, health care delivery must 
incorporate cultural factors [16]. A fully functioning network 
of providers would include community members providing a 
wide variety of services, such as indigenous healing, alterna-
tive forms of care, and mental health care.

Physical Needs

Physical needs can pose a significant obstacle to patient 
engagement. Examples include access to healthy and nutri-
tious food, access to clean water, and restorative sleep. It is 
difficult, for example, to engage a patient in healthy eating 
when he/she do not have access to healthy foods due to his/
her dependence on food pantries that frequently stock cheap, 
highly processed food. At a patient-centered medical home 
in Woodburn, OR, local food pantries are engaged and can 
identify where patients may obtain fresh fruits and veg-
etables. Patients with diabetes are also provided with a list 
of locations that will provide a “Better Box” that contains 
foods that are appropriate for their dietary needs. The Food 
Research and Action Center outlines a variety of factors that 
make food availability a priority for any lifestyle interven-
tion [17]. It is important to integrate agencies that patients 
rely on for healthy foods, particularly when working with a 
population that is food insecure.

Security Needs

Security takes on various forms. Food security (high-, mar-
ginal-, low-, or very low food security) depends on the fol-
lowing attributes:

• food access: anxiety over adequacy, availability, short-
ages, etc.,

• food quality, variety, desirability, issues of spoilage, etc.,
• food affordability,
• skipped or missed meals, hunger, weight loss, and/or ill-

ness as a result of above shortcomings [18].

Once resources are available to address patients’ physical 
needs, it will be important to coordinate services to address 

other security needs. For example, in Woodburn, OR, pa-
tients have difficulty engaging in behavior change due to 
high levels of domestic violence, as well as insecurity due to 
being undocumented immigrants. This can be addressed by 
developing a partnership with the local women’s crisis center 
and providing space for an advocate to meet with women in 
the clinic where their partners are more likely to allow them 
to come for a visit. The advocate is able to help extricate 
women from their abusive relationships by promoting access 
to legal, housing, and financial resources.

In addition to basic safety, it is also important to  consider 
partnerships with agencies that can provide emergency servic-
es. This includes emergency housing, psychiatric evaluation 
and treatment, and employment services, and it can help im-
prove access for the truly needy by reducing  overutilization.

Social Needs

Social support and positive state of mind improve patient 
adherence with lifestyle interventions [19]. Komiti et al. 
[20] found that being in an intimate relationship and being 
employed were protective factors while substance abuse and 
stress were depressive factors. These findings are also con-
sistent with findings that patients with strong social support 
mechanisms have better adherence with treatment recom-
mendations [21]. Conclusions from the CDC indicate that in-
corporating community partnerships into lifestyle interven-
tions will increase adherence with clinical  recommendations 
[22].

Establishing an extended referral network may be ben-
eficial in order to account for all the services patients may 
be using. Depending on the cultural background and belief 
system of the community, a fully functioning network of pro-
viders may include indigenous healing, hypnosis, herbs, acu-
puncture, and mental health care. Together these additional 
treatment options are referred to as complementary and alter-
native medicine (CAM). Population shifts and an increasing 
number of immigrants from countries that adhere to different 
medical models and approaches have increased awareness of 
these practices.

When working with underserved populations, the treat-
ment team may need to include family or community lead-

Table 20.2  Community-based assets and liabilities for lifestyle medicine implementation
Factor Asset Liability
Neighborhood design Promotes physical activity, walkability, and safety Increased need to drive; proximity of fast food restaurants 

dangerous areas
Nutritional resources Healthy eating restaurants Improves healthy eating 

patterns Grocery stores are accessible and affordable
Unhealthy foods may also be cheap and easy to access (e.g., 
small markets or gas stations) and impair healthy eating patterns

Physical centers Transportation and timing logistics: strict routine may discour-
age long-term use

Recreational spaces Easy access, fun, variation Increases physical activity Hard to access; limited variation
Virtual centers Internet and other social media access facilitates 

recruitment and retention
Older adults and other groups may not have access
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ers. Medically underserved areas or populations, quantita-
tively described by the Index of Medical Underservice, are 
determined by the following factors:

• primary care physicians rate,
• infant mortality rate,
• poverty rate,
• prevalence rate of persons over 65 years of age [23].

Fadiman [24] described how by working through the familial 
or community hierarchy parents of patients can be receptive 
to change without “loss of face.” This integrated approach 
acknowledges the community and family structure in order 
to provide care that is both effective and cohesive.

Partnering with traditional healers, within a sound evi-
dence-based medical model, would provide more culturally 
relevant interventions and a higher level of cultural compe-
tence. In 2009, The New York Times reported that a sign of 
increased cross-cultural health care was the use of certified 
Hmong shamans, Navajo medicine men, and curanderos in 
medical centers across the USA [25].

Establishing a network of community and religious lead-
ers as well as CAM providers will allow treatment teams to 
engage patients in their own care on a deeper level. They will 
be able to deliver more culturally competent care through 
strategic partnerships with multiple providers. Inclusion of 
these community members will also allow the care team 
to take an active role in identifying which practitioners are 
qualified and willing to work as part of the primary care 
team. At the same time, these community members will help 
coordinate interventions into daily life. The inclusion of pa-
tients’ social networks in lifestyle interventions cannot only 
improve individual outcomes but community outcomes as 
well [26]. These networks include, but are not limited to, 
religious organizations, community groups, and local busi-
nesses.

Higher Level Needs

There is also a need for partnerships to address high-level 
needs: those pertaining to esteem and self-actualization. These 
needs must be addressed at individual as well as societal lev-
els. Lifestyle medicine HCPs will benefit their patients and 
the efficacy of their program by supporting and advocating for 
programs and policies that also focus on these needs.

The Department of Health and Human Services report on 
Racial and Ethnic Health Disparities advocates for commu-
nity-based interventions to address health care disparities, 
based on systematically experienced social and economic 
disadvantages by specific population sectors [27]. Efforts to 
increase community engagement, improve neighborhoods, 
and integrate cultural factors can be expected to reduce many 
of these disparities and improve overall health care.

High-level needs also occur at a political level. In order 
to incite beneficial change in society, one must be willing to 
speak out about food taxes, crop subsidies, food manufactur-
ing, labeling regulations, and other (sometimes unpopular) 
politically and economically driven agendas [3]. There is 
only so much that can be done at a local level and HCPs will 
need to network with their communities to achieve effective 
and durable societal change.

Patients who are ready to address their highest level of 
need, that is, self-actualization, will benefit from referrals to 
programs that assist patients and their communities to fulfill 
their potential. This can be accomplished by working with 
local community colleges, universities, and religious orga-
nizations to provide a variety of options for self-exploration 
and skill building. These partnerships may also include or-
ganizations that can help patients to become leaders in the 
process of addressing lifestyle issues in their communities.

Implementation in Clinical Practice

Case Study
A successful example of community engagement and part-
nership is with a patient-centered medical home in Yakima, 
WA, which created a community childhood fitness program. 
In March 2012, Behavioral Health Consultants (BHCs) were 
funded through a grant to start integrated behavioral health 
services at a small pediatric clinic. The nine providers iden-
tified four main concerns that they believed would benefit 
from co-located and collaborated mental health services: 
behavior problems (temper tantrums, school refusal, and at-
tention deficit hyperactivity disorder (ADHD)), anxiety, de-
pression, and obesity.

Pediatricians were especially alarmed by the rates of chil-
dren who were overweight and obese that they were treating 
daily, as well as the lack of services available to address the 
problem. Their observations were consistent with the ob-
servation that obesity is one of the most stigmatizing and 
least socially acceptable conditions in childhood [28]. HCPs 
at Yakima Pediatrics were seeing the negative psychosocial 
complications of childhood obesity including depressive 
symptoms, poor body image, low self-concept, behavior, and 
learning problems. They also observed poor health outcomes 
including type-2 diabetes, precocious puberty, hypertension, 
asthma, and exercise intolerance.

When Yakima County was ranked the eighth fattest city 
in the USA [29], it was time for action. Yakima Pediatrics 
hired BHCs who were given the task of removing barriers to 
adapting a healthy lifestyle. These barriers included how to 
increase children’s exposure to healthy food (physical need), 
how to encourage the family to make healthy lifestyle chang-
es (social needs), and how to engage them in moving their 
body’s more (esteem needs). After 2 months in the clinic, 
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BHCs identified five barriers that were repeatedly mentioned 
when healthy lifestyle changes were suggested: cost, time, 
transportation, internalized shame (“no one looks like me, 
I can never do this”), and feelings of intimidation (“I don’t 
know what to do” or “I don’t how to use the equipment”).

The BHC team approached a small, private gym with less 
than 300 members that was half a block from the pediat-
ric clinic to establish a partnership to address these barri-
ers. Thanks to a small grant, patients were offered a 45-min 
functional fitness class for youth twice a week. The classes 
included cardiovascular exercise and strength training and 
began in June 2012.

The model for this class is effective because the process 
is simple. A provider will ask the BHC to meet with a family 
and then make a referral to the gym, including brief informa-
tion about any medical/behavioral concerns regarding exer-
cise. The family will immediately walk or drive down the 
street to meet with the owner/trainer to complete the youth’s 
assessment. When possible, the BHC will even accompany 
the family to the gym. Many family members will stay and 
watch their child in class. As a result, about 25 % of the fami-
lies referred to this program opt to obtain a gym member-
ship for the entire family. This program is provided based on 
grant-funded scholarships.

In the first 2 years since the childhood fitness program 
began, it has served over 100 families with children between 
6 and 13 years old. Each class typically has 18 participants 
who meet twice weekly to learn ways to enjoy moving their 
bodies and how to adopt healthy eating habits. They earn 
incentives along the way, such as gym t-shirts, water bot-
tles, and healthy snacks. After 8 weeks, participants return 
to Yakima Pediatrics where they meet with the BHC to re-
view their attendance and assess for attitude and self-esteem 
changes. Youth may continue in the program indefinitely on 
scholarship as long as they have an 80 % attendance rate.

This program represents a fundamental way to address 
the social needs of youths. The gym is now viewed as a part 
of their neighborhood due to its proximity to the youth’s 
homes. Many of the youth can walk to the gym from school 
or home and some parents have established friendships and 
now carpool together. The gym is also an extension of the 
clinic in that it is within a residential area, one block from 
the pediatric clinic. Moreover, HCPs and BHCs from the pe-
diatric clinic can exercise at the gym where the youth will 
recognize and greet them.

Evidence and Other Examples
Scarinci et al. [30] reported the results of a cluster random-
ized controlled trial in six counties in rural Alabama involv-
ing African- American women ( N = 565) using the CBPR 
framework and found that a culturally relevant intervention 
improved and maintained healthy eating patterns. In a large 
diabetes prevention study by UnitedHealth Group (a health 

system), the Young Men’s Christian Association (YMCA) 
of the USA (a community-based program), and the CDC, 
the National Diabetes Prevention Program was scaled up 
within 2 years to 46 communities in 23 states, training 500 
coaches, and enrolling 2369 participants (1723 completers), 
finding a cost-effective average weight loss of about 5 % 
[31]. In England, Morton et al. [32] reported that although 
community-based pharmacists were uniquely and ideally 
positioned to deliver lifestyle advice to patients with cardio-
vascular disease, semi-structured interviewing demonstrated 
several challenges to more widespread implementation, such 
as proper training and appropriate remuneration. Along these 
lines, there remain perception issues regarding the role of 
health trainers in marginalized communities, primarily due to 
current professional culture expectations in health care [33].

Implementation of community-based healthy lifestyle 
programs for adolescents with overweight/obesity depends 
on enabling factors for recruitment and retention (Table 20.3) 
[34]. Many of these strategies can be extrapolated to other 
settings and clinical problems when developing and utiliz-
ing community-based programs. In the Agewell trial of older 
adults, a community-based brief low-cost goal-setting inter-
vention was developed to address physical activity, cognitive 
activity, diet, and overall health, and was found to be feasible 
and acceptable [35]. Other innovations to enhance commu-
nity engagements on a practical level include text messag-
ing [36], culturally sensitive radio novella development [37], 
lifestyle questionnaires in local houses of worship [38], and 
booster intervention using face-to-face or telephone-based 
motivational interviewing [39].

Conclusion

Establishing community-based partnerships to address pa-
tient needs is a key component of increasing adherence and 
effective implementation of lifestyle medicine interventions. 

Table 20.3  Barriers and enablers for recruitment and retention of ado-
lescents for a community-based healthy lifestyle program. (Adapted 
from [34])

Recruitment Retention
Enabler Proper advertising and 

promotion; positive mes-
saging; free; government 
subsidized

Positive experience for child 
and parent; fun; practical; 
family involvement electronic 
media role models; good 
facilitators; realistic and mea-
surable goals; transition into 
community

Barrier Anxiety and embarrass-
ment; denial; lack of HCP 
expertise; decreased pedi-
atric services; economics 
and program costs

Location and transportation 
logistics; finding the time 
commitment; isolation and 
stigmatization; lack of centers 
or activities

HCP health care professional
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An effective network of community referral sources can not 
only improve outcomes of an individual program but also 
expand those benefits to the entire community. Establishing 
sustainable and practical lifestyle medicine interventions 
that encourage, promote, and support families with healthy 
and attainable change is a prime target. Based on work at 
FQHCs, patients who need lifestyle medicine intervention 
the most have difficulty accessing these interventions due to 
barriers to basic needs.

Lifestyle medicine is much larger than an individual pa-
tient or even an individual program. The process of com-
munity engagement is organic and can scale up or down 
depending on relationships and productivity rather than a 
dependency on external organizations or power structures. 
Specifically, program participants become examples of suc-
cess as others observe the benefits they have achieved. Suc-
cessful programs become examples for other communities 
and can inform government policy. When lifestyle interven-
tions are implemented at the community level as one part of 
a larger systemic effort, an entire community and, ultimately, 
society will benefit.

References

 1. Lianov L, Johnson M. Physician competencies for prescribing 
lifestyle medicine. JAMA. 2010;304:202–3.

 2. Bodenheimer T, Wager EH, Grumbach K. Improving primary care 
for patients with chronic illness. JAMA. 2002;288:1775–9.

 3. Dysinger WS. Lifestyle medicine competencies for primary care 
physicians. Virtual Mentor. 2013;15:306–10.

 4. Goldman KD, Schmalz KJ. “Accentuate the Positive!”; Using an 
asset-mapping tool as part of a community-health needs assess-
ment. Health Promot Pract. 2005;6:125–8.

 5. Kenyon L, Gordon F. Community engagement: from a profes-
sional to a public perspective. Community Pract. 2009;82:22–5.

 6. Parisi JM, Kuo J, Rebok GW, et al. Increases in lifestyle activities 
as a result of Experience Corps® participation. J Urban Health. 
2015;92:55–66.

 7. Centers for Disease Control and Prevention. The social-ecological 
model. A framework for prevention Atlanta (GA): Centers for Dis-
ease Control and Prevention. http://www.cdc.gov/violencepreven-
tion/overview/social-ecologicalmodel.html. Accessed 29 March 
2015.

 8. Weinstein LC, Plumb JD, Brawer R. Community engagement of 
men. Prim Care Office Pract. 2006;33:247–59.

 9. Frerichs L, Brittin J, Robbins R, et al. SaludABLEOmaha: im-
proving readiness to address obesity through healthy lifestyle in a 
Midwestern Latino Community, 2011–2013. CDC—Prev Chron-
ic Dis. 2015;12:1–9.

10. Shalowitz MU, Isacco A, Barquin N, et al. Community-based par-
ticipatory research: a review of the literature with strategies for 
community engagement. J Dev Behav Pediatr. 2009;30:350–61.

11. Kilpatrick S. Multi-level rural community engagement in health. 
Aust J Rural Health. 2009;17:39–44.

12. McCloskey DJ, McDonald MA, Cook J, et al. Community en-
gagement: definitions and organizing concepts from the literature. 
In Clinical and Translational Science Awards Consortium Com-
munity Engagement Key Function Committee Task Force on the 
Principles of Community Engagement. Principles of Community 

Engagement, Second Edition. NIH Publication No. 11–7782, 
Printed June 2011 pp. 3–41.

13. Attree P, French B, Milton B, et al. The experience of community 
engagement for individuals: a rapid review of evidence. Health 
Social Care Commun. 2011;19:250–60.

14. Maslow AH.“Higher” and “lower” needs. J Psychol Interdiscip 
Appl 1948;25:433–436.

15. Humes KR, Jones NA, Ramirez RR. Overview of race and hispanic 
Origin, 2010. United States Census 2011; http://www.census.gov/
prod/cen2010/briefs/c2010br-02.pdf. Accessed 29 March 2015.

16. Armstrong T, Swartzman L. Cross-cultural differences in illness 
models and expectations for the health care provider-client/patient 
interaction. In Kazarian SS, Evans DR, editors, Cultural health 
psychology 2001. San Diego: Academic, pp. 45–61.

17. Food Research and Action Center. Why low-income and food 
insecure people are vulnerable to overweight and obesity. Food 
Research and Action Center (FRAC); 2010. http://frac.org/initia-
tives/hunger-and-obesity/why-are-low-income-and-food-inse-
cure-people-vulnerable-to-obesity/. Accessed 29 March 2015.

18. U.S. Department of Agriculture. Definitions of food security. 
http://www.ers.usda.gov/topics/food-nutrition-assistance/food-
security-in-the-us/definitions-of-food-security.aspx. Accessed 29 
March 2015.

19. Gonzalez JS, Pinedon FJ, Antoni MH, et al. Social support, posi-
tive states of mind, and HIV treatment adherence in men and 
women living with HIV/AIDS. Health Psychol. 2004;23:413–8.

20. Komiti A, Judd F, Grech P, et al. Depression in people living with 
HIV/AIDS attending primary care and outpatient clinics. Aust NZ 
J Psychiatry. 2003;37:70–7.

21. Tawalbeh LI, Tubaishat A, Batiha AM, et al. The relationship 
between social support and adherence to healthy lifestyle among 
patients with coronary artery disease in the north of Jordan. Clin 
Nurs Res. 2015;24:121–38.

22. Centers for Disease Control and Prevention (CDC). Healthy com-
munities program. http://www.cdc.gov/nccdphp/dch/programs/
healthycommunitiesprogram/. Accessed 29 March 2015.

23. U.S. Department of Health and Human Services. Medically un-
derserved areas/populations. http://www.hrsa.gov/shortage/mua/. 
Accessed 29 March 2015.

24. Fadiman A. The spirit catches you and you fall down: a Hmong 
child, her American doctors, and the collision of two cultures. 
New York: Farrar, Straus and Giroux; 1997.

25. Brown PL. A doctor for disease, a shaman for the soul. The New 
York Times. 2009 Sept 20, p. A20.

26. Woolf SH, Dekker MM, Byrne FR, et al. Citizen-centered health 
promotion: building collaborations to facilitate healthy living. Am 
J Prev Med. 2011;40(1 Suppl 1):S38–47.

27. U.S. Department of Health and Human Services. HHS action plan 
to reduce racial and ethnic disparities: a nation free of dispari-
ties in health and health care. Washington, D.C.: U.S. Department 
of Health and Human Services; 2011. http://minorityhealth.hhs.
gov/npa/files/Plans/HHS/HHS_Plan_complete.pdf. Accessed 29 
March 2015.

28. Schwimmer JB, Burwinkle TM, Varni JW. Health-related qual-
ity of life of severely obese children and adolescents. JAMA. 
2003;289:1813–9.

29. Banner V. 10 fattest cities in America. Quality Health 2008. http://
www.qualityhealth.com/10-fattest-cities-in-america-8/featured-
Article. Accessed 29 March 2015.

30. Scarinci IC, Moore A, Wynn-Wallace T. A community-based, cul-
turally relevant intervention to promote healthy eating and physi-
cal activity among middle-aged African American women in rural 
Alabama: findings from a group randomized controlled trial. Pre-
vent Med. 2014;69:13–20.

31. Vojta D, Koehler TB, Longjohn M, et al. A coordinated national 
model for diabetes prevention. Am J Prev Med. 2013;44:S301–6.

http://www.cdc.gov/violenceprevention/overview/social-ecologicalmodel.html
http://www.cdc.gov/violenceprevention/overview/social-ecologicalmodel.html
http://www.census.gov/prod/cen2010/briefs/c2010br-02.pdf
http://www.census.gov/prod/cen2010/briefs/c2010br-02.pdf
http://frac.org/initiatives/hunger-and-obesity/why-are-low-income-and-food-insecure-people-vulnerable-to-obesity/
http://frac.org/initiatives/hunger-and-obesity/why-are-low-income-and-food-insecure-people-vulnerable-to-obesity/
http://frac.org/initiatives/hunger-and-obesity/why-are-low-income-and-food-insecure-people-vulnerable-to-obesity/
http://www.ers.usda.gov/topics/food-nutrition-assistance/food-security-in-the-us/definitions-of-food-security.aspx
http://www.ers.usda.gov/topics/food-nutrition-assistance/food-security-in-the-us/definitions-of-food-security.aspx
http://www.cdc.gov/nccdphp/dch/programs/healthycommunitiesprogram/
http://www.cdc.gov/nccdphp/dch/programs/healthycommunitiesprogram/
http://www.hrsa.gov/shortage/mua/
http://minorityhealth.hhs.gov/npa/files/Plans/HHS/HHS_Plan_complete.pdf
http://minorityhealth.hhs.gov/npa/files/Plans/HHS/HHS_Plan_complete.pdf
http://www.qualityhealth.com/10-fattest-cities-in-america-8/featuredArticle
http://www.qualityhealth.com/10-fattest-cities-in-america-8/featuredArticle
http://www.qualityhealth.com/10-fattest-cities-in-america-8/featuredArticle


19720 Community Engagement and Networks: Leveraging Partnerships to Improve Lifestyle

32. Morton K, Pattison H, Langley C, et al. A qualitative study of 
English community pharmacists’ experiences of providing life-
style advice to patients with cardiovascular disease. Res Social 
Adminst Pharm. 2015;11:e17–29.

33. Cook T, Wills J. Engaging with marginalized communities: the 
experiences of London health trainers. Persp Public Health. 
2012;132:221–7.

34. Smith KL, Straker LM, McManus A, et al. Barriers and enablers 
for participation in healthy lifestyle programs by adolescents who 
are overweight: a qualitative study of the opinions of adoles-
cents, their parents and community stakeholders. BMC Pediatr. 
2014;14:53–66.

35. Claire L, Nelis SM, Jones IR, et al. The Agewell trial: a pilot ran-
domised controlled trial of a behaviour change intervention to 
promote healthy ageing and reduce risk of dementia in later life. 
BMC Psychiatr. 2015;15:25–43.

36. Albright K, Krantz MJ, Jarquin PB, et al. Health promotion text mes-
saging preferences and acceptability among the medically under-
served. Health Promot Pract. 2015. doi:10.1177/1524839914566850.

37. Frazier M, Massingale S, Bowen M, et al. Engaging a community 
in developing an entertainment—education Spanish-language ra-
dio novella aimed at reducing chronic disease risk factors, Ala-
bama, 2010–2011. CDC—Prev Chronic Dis. 2012;9:1–9.

38. Evans KR, Hudson SV. Engaging the community to improve nu-
trition and physical activity among houses of worship. CDC—
Prev Chronic Dis. 2014;11:1–8.

39. Goyder E, Hind D, Breckon J, et al. A randomised controlled trial 
and cost-effectiveness evaluation of ‘booster’ interventions to sus-
tain increases in physical activity in middle-aged adults in deprived 
urban neighbourhoods. Health Technol Assess. 2014;18:1–242.



199

21Lifestyle Therapy as Medicine for the 
Treatment of Obesity

Jamy D. Ard and Gary D. Miller

J. D. Ard ()
Department of Epidemiology and Prevention, Wake Forest University, 
Winston-Salem, NC, USA
e-mail: jard@wakehealth.edu

G. D. Miller
Department of Health and Exercise Science, Wake Forest University, 
Winston-Salem, NC, USA

Abbreviations
α-MSH Alpha-Melanocyte-stimulating hormone
ARGP Agouti-related peptide
AEE Activity energy expenditure
BMI Body Mass Index
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HIIT High-intensity interval training
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T2D Type-2 diabetes 
TEE Total energy expenditure
TEF Thermic effect of feeding 
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Defining Obesity

Obesity is defined as a condition of excess accumulation and 
storage of body fat. We know that the presence of body fat 
serves critical functions related to hormonal balance, energy 
reserves, and thermoregulation. However, as with most bio-
logical systems, there is a continuum from normal to abnor-
mal, and the challenge for obesity becomes identifying the 
point at which the accumulation of body fat reaches a point 
of being abnormal. Historically, increased body weight was 
deemed abnormal based on increased risk of death from all 
causes. This was previously defined by insurance tables that 
assessed death risk based on body weight at a given height 
[1]. Since the first Obesity Expert Panel report in 1998, body 
mass index (BMI) has been widely adopted as the stan-
dard for identifying excess body fat [1]. BMI accounts for 
weight based on height using the formula of body weight 
(kg)/height squared (m2) [2]. BMI is highly correlated with 
total body fat based on studies of body composition using 
various techniques in the general population [2]. BMI is also 
positively associated with morbidity and mortality from ex-
cess body fat [3]. However, BMI has a number of limitations 
that should be acknowledged. Because older adults lose lean 
mass and accumulate fat mass with age, BMI can underes-
timate body fat in this population [4]. Conversely, very lean 
individuals with high amounts of muscle mass, such as high-
ly trained athletes, will have less body fat than predicted by 
their BMI [1]. Additionally, as with any attempt to categorize 
a continuous phenomenon, the association with other disease 
risks in the lower ranges of abnormal BMI (i.e., overweight) 
are not as consistent on an individual level [5]. Finally, BMI 
does not provide any information about the distribution of 
the body fat, which can alter risk associations. With these 
caveats, this chapter will use the conventional definition 
of obesity for Caucasians based on a BMI of 30 kg/m2 or 
greater, with class 2 obesity beginning at 35 kg/m2 and class 
3 beginning at a BMI of 40 kg/m2. Overweight in Caucasians 
is defined as a BMI of 25–29.9 kg/m2 [1].

© Springer International Publishing Switzerland 2016
J. I. Mechanick, R. F. Kushner (eds.), Lifestyle Medicine, DOI 10.1007/978-3-319-24687-1_21
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Prevalence of Obesity

Nearly two-thirds of US adults are at least overweight [6]. 
The prevalence of obesity in the USA has increased from 
22.3 % in the 1988–1992 National Health and Nutrition Ex-
amination Survey (NHANES) III sample [1] to 34.9 % of all 
adults in the NHANES 2011–2012 sample [6]. The increase 
in obesity has been even higher in some specific subgroups 
of Americans, with Hispanic Americans and African Ameri-
cans having rates of 42.5 and 47.8 %, respectively [6]. Glob-
ally, the increase in obesity is becoming more widespread. 
Estimates from 2008 place the number of individuals with 
obesity at approximately 500 million, representing 10–14 % 
of the world’s population [7]. North America, Latin Ameri-
can, North Africa, and the Middle East all have a prevalence 
of obesity that is greater than 30 % [7]. The shift in body 
weight is affecting low- and middle-income countries as 
well, resulting in significant decreases in the proportions of 
people who are underweight and even greater increases in 
the proportions of those who are overweight and obese [8].

Obesity as a Disease

With the increased recognition of obesity in the USA and 
beyond, efforts to understand the pathology of excess accu-
mulation of fat mass have grown. This increased emphasis 
on understanding obesity has led to greater recognition of the 
condition as a disease [9, 10]. Classifying obesity as a disease 
shifts the focus from simple personal factors that drive en-
ergy imbalance, like being inactive or simple overconsump-
tion, to a more sophisticated examination of the interplay be-
tween the obesogenic environment, genetic predispositions, 
and the physiological adaptations that occur to counterbal-
ance attempts to lose weight and maintain weight loss. As 
a disease, the pathology of excess adiposity has a variety of 
possible etiologies, ranging from medication-induced weight 
gain to monogenetic mutations, which all ultimately result 
in a period of sustained energy imbalance and accumulation 
of excess body weight, expanding the number (hyperplasia) 
and size (hypertrophy) of fat cells [9]. A positive energy im-
balance can only occur via two pathways: increases in en-
ergy intake and/or alterations/decreases in energy expendi-
ture. Modulators of food intake include peripherally secreted 
adipokines like leptin, gut peptides such as ghrelin, gluca-
gon-like peptide-1 and cholecystokinin, monoamine neuro-
chemicals like serotonin and dopamine, and neuropeptides 
like neuropeptide Y and agouti-related peptide. Table 21.1 
shows many of these factors, how they interact with each 
other, and the related impact on energy intake. On the energy 
expenditure side of the equation, total energy expenditure 
(TEE) equals the sum of resting energy expenditure (REE), 
activity energy expenditure (AEE), and the thermic effect of 

feeding (TEF) [11]. AEE is the voluntary component of TEE, 
typically accounting for 30 % of TEE but is highly variable 
based on the level of physical activity [12]. The remaining 
components of TEE are involuntary, which includes REE 
and TEF. REE accounts for approximately 60 % of TEE and 
is largely determined by the volume of lean mass, including 
muscle and organ mass. Highly metabolically active organs 
like brain, heart, and kidneys make up a disproportionate 
amount of REE by weight, accounting for 60 % of REE [13]. 
Overall, REE varies based on life stage and generally de-
clines with age by approximately 1–2 % per decade due to 
loss of quantity and composition of metabolically active fat-
free mass [14]. TEF, energy consumed in the digestion and 
absorption of nutrients, contributes approximately 10 % to 
TEE on a daily basis.

The Impact of the Environment

The voluntary contribution to the homeostasis equation, such 
as choices around AEE (e.g., exercise and physical activity) 
or eating pattern, can override biological mechanisms to a 
large extent. Further, the environment’s influence on these 
voluntary components is an even larger force that may not be 
readily recognized at the individual level, but is likely criti-
cal to trends in body weight at the population level. There 
is evidence to suggest that the environment has fostered an 
increase in access to calories that has overwhelmed the bio-
logical mechanisms that promote dietary restraint. In the past 
century, improvements in technology for food production 
and manufacturing have decreased food scarcity. As of 2011, 
each American had a much larger quantity of food available 
for consumption compared to 1970 [15].

Over the past four decades, the average calorie intake for 
an American adult has increased from an estimated 2064 to 
2538 calories/day, with grains accounting for 38.2 % of this 
increase. Added fats and oils account for 224 calories of the 
increase, or 47.3 % of the total [15]. There are few mecha-
nisms to self-regulate calorie intake when faced with highly 
palatable foods that elicit a strong hedonic response [16]. 
This means that even in the context of a strong cognitive 
desire to limit caloric intake, there are significant overrid-
ing neurophysiologic systems that combine previous sensory 
and emotional experiences in the presence of strong food 
cues [17].

Further Defining Obesity

Although obesity is often described as a singular entity, 
there are genotypic and phenotypic patterns of expression 
of the disease that correspond to varying levels of risk and 
pathology. Aside from monogenic obesity syndromes, such 
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as leptin deficiency, the most common forms of obesity are 
polygenetic and considered as complex traits [9, 18]. Un-
derstanding the spectrum of obesity presentations leads to 
better matching of treatment strategy with overall risk and 
comorbid resolution or control.

Beyond the assessment of BMI, the next consideration 
is the distribution of body fat. Accumulation of excess fat 
in different fat depots can have significant implications for 
disease in risk. The preponderance of fat in the truncal/ab-
dominal space is classified as android (or male) distribution, 
while the preponderance of fat in the lower extremities is 
classified as gynoid (or female) distribution [19]. Abdomi-
nal fat can be located in the subcutaneous layer or centrally 
around the organs as visceral adipose tissue (VAT). VAT is 
considered to be highly active as a promoter of systemic 
inflammation and insulin resistance via the secretion of cy-
tokines [20, 21]. This contributes to the increase in risk of 
cardiovascular disease (CVD), type-2 diabetes (T2D), and 
cancers of various sites [5]. While VAT has received much 
of the focus as a promoter of chronic disease risk, emerging 
evidence suggests that subcutaneous fat accumulation in the 
abdominal area is also associated with contributing to insu-
lin resistance and inflammation [22]. Peripheral fat distribu-
tion (i.e., upper and lower extremities) is generally in the 
subcutaneous compartment, and in some studies, a predomi-
nance of fat in these areas has been associated with lower 
risks of hyperglycemia and hyperlipidemia when adjusting 
for BMI and age [23, 24]. Obesity can be further classified 
by considering the level of BMI (class I–III) or combining 
the distribution of excess fat and BMI with assessments of 
disease risk and functional status. Proposed staging systems 
such as the Edmonton Obesity Staging System (EOSS) and 
the American Association of Clinical Endocrinologist Stag-
ing algorithm go further to combine assessments of physical 
function and associated comorbid conditions with BMI to 
provide a broader classification scheme of obesity [25, 26]. 
These types of staging systems integrate the effects of obe-
sity with weight class, highlighting the complexity of obesity 
as a multisystem disease. Ultimately, the goal of classifying 
the severity and risk associated with obesity is to determine 
the intensity of treatment strategies in a way that is more nu-
anced than simply considering overall size (i.e., BMI) and 
directly addresses associated risk.

Behavioral Health and Obesity

The behavioral health considerations within the staging of 
obesity are also critical to directing treatment strategies. 
These considerations range from comorbid mental health 
disease to disordered eating behaviors. The prevalence of 
mood disorders in patients with obesity seeking treatment 
is common, but the relationship can be bidirectional and 
complex in nature [27]. It is important to understand how 

mental health can affect the presentation of obesity and alter 
treatment effectiveness with lifestyle therapy. Disorders of 
emotional regulation like depression and anxiety can lead to 
emotional eating, where people choose to eat as a way to reg-
ulate their mood or cope with anxiety [28, 29]. When severe, 
altered mood states can also negatively affect thought pat-
terns and decision making, limiting engagement in treatment 
and rational problem solving necessary for lifestyle change. 
Those taking a variety of mood stabilizers and atypical anti-
psychotics may experience medication-induced weight gain 
and develop insulin resistance, with varying rates of weight 
gain and risk for T2D [30]. Eating disorders such as binge 
eating may require specific psychotherapy with or without 
pharmacotherapy to improve outcomes for sustained weight 
reduction [31, 32]. Poorly managed behavioral health con-
cerns can increase the severity of the initial obesity presenta-
tion and negatively affect the implementation of an otherwise 
appropriate treatment strategy. Therefore, it is incumbent on 
the provider to identify comorbid mental health disorders to 
effectively implement lifestyle therapy for obesity treatment.

The Risk Associated with Obesity and 
Implications for Lifestyle Therapy

In addition to associated mental health conditions, obesity 
has pleiotropic effects on disease risk and overall health. 
Some of the major conditions that are directly or partially 
attributable to obesity are shown in Table 21.2. Excess adi-
posity leads to both mechanical (e.g., joint destruction and 
hypoventilation) and physiologic derangements (e.g., T2D 
and dyslipidemia). These comorbid conditions ultimately 

Table 21.2  Major diseases and conditions associated with or caused 
by obesity
Type-2 diabetes
Metabolic syndrome
Cancers of the uterus, breast, and colon
Nonalcoholic fatty liver disease
Cholelithiasis
Gastroesophageal reflux disease
Polycystic ovarian syndrome
Urinary incontinence
Obstructive sleep apnea
Obesity hypoventilation
Osteoarthritis
Gout
Pseudotumor cerebri
Dyslipidemia
Coronary heart disease
Congestive heart failure
Hypertension
Stroke
Depression
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contribute to poor self-perception of overall health status and 
quality of life [33, 34]. Studies of various groups of individu-
als with obesity, either in community, research, or dedicated 
treatment settings, have demonstrated that obesity nega-
tively affects a number of quality of life domains. To further 
underscore the relationship between obesity and quality of 
life, treatment of obesity by a variety of methods leads to 
significant improvements in quality of life [35, 36].

Understanding the effects of obesity on the individual pa-
tient can be informative for tailoring lifestyle therapy. As a 
result of defining the effects that obesity has on the patient 
and the associated disease processes attributable to obesity, 
therapy should be directed at ameliorating the underlying 
obesity as well as treating the comorbid conditions. Reduc-
ing body weight through calorie restriction will improve 
a range of risk factors such as blood pressure, lipids, and 
blood glucose. However, additional maneuvers beyond calo-
rie restriction such as changes in diet composition, increases 
in physical activity, and behavioral strategies can augment 
these outcomes, at times independent of weight change. 
These outcomes can be targeted based on the associated co-
morbidities and intervention strategies designed accordingly. 
The focus of the remainder of this chapter is on delineating 
the expected outcomes and responses to specific interven-
tion maneuvers so that practitioners can prescribe lifestyle 
interventions as medicine for the treatment of obesity in a 
tailored fashion.

Key Principles for Treatment of Obesity

Creating a Negative Energy Balance

Obesity develops from an energy imbalance resulting in the 
storage of excess energy as fat. The reduction in body fat can 
be established by addressing this energy imbalance through 
changes in energy intake and/or energy expenditure. Simplis-
tically, energy balance is a thermodynamic process. How-
ever, it becomes complex once the dynamic physiological 
adaptations that occur with reducing body weight are consid-
ered [37]. These include alterations in REE, which is largely 
a factor of lean body mass, as well as changes in the energy 
expended during physical activity with weight loss. With 
this said, the same basic principle is supported, weight loss 
occurs when the energy balance scale is tipped to negative, 
irrespective of whether the effective intervention is based 
on individual application or some combination of eating pat-
terns, physical activity, behavior, medication, or surgery.

Research continues to explore components of the energy 
balance equation, particularly as it relates to weight loss and 
weight loss maintenance. A guiding principle for continued 
weight loss is to reduce energy intake and/or increase en-
ergy expenditure by 3500 kcal to lose 1 pound [38]. Thus, a 

500 kcal/day negative energy imbalance would theoretically 
create a 1 pound per week loss in body weight. However, 
without compensating for physiological adaptations during 
weight loss, this 3500 rule overestimates weight loss results. 
More complex mathematical models have been developed 
that account for these metabolic adjustments during nega-
tive energy balance [37]. Hall et al. [37] show over a 10 kg 
difference in weight loss using the static linear model of the 
3500 rule versus their dynamic model that incorporates en-
ergy expenditure changes with weight loss. Thus, when uti-
lizing the 3500 kcal value, it should not be surprising that 
patients typically fail to reach their expected weight loss or 
their weight loss goals, even for those strictly adhering to 
their diet program.

As part of weight loss, it is important to consider the parti-
tioning of weight loss into body fat and lean tissue. Whereas 
fat mass contains 9404 kcals per kg, the equivalent mass in 
lean tissue is 1809 kcals, nearly a fivefold difference between 
tissues. A general rule of thumb is that during weight loss, 
~ 80 % comes from fat mass and ~  20 % from lean mass [39]. 
However, a number of factors influence this ratio including 
initial adiposity levels (body composition), participation in 
exercise, level of energy restriction, rate of weight loss, and 
protein level in the diet [40]. Because of the increased energy 
cost in maintaining lean body mass versus fat mass, the loss 
of lean body mass during negative energy balance further 
decreases REE.

Interestingly, Hall’s prediction model comparing a 250–
500 kcal daily negative energy balance created by diet re-
striction versus an energetically similar increase in physi-
cal activity shows a higher and more rapid weight loss with 
physical activity versus diet restriction [37]. However, this 
model does not account for the effect of physical activity on 
food intake. Furthermore, this model has not been confirmed 
in a strictly controlled randomized trial.

Compensation for the Negative Energy Balance

Alterations in the energy balance components do not hap-
pen independently of each other. Compensatory changes 
occur when another component is changed. There is a strong 
biological action to protect against a negative energy bal-
ance that occurs with energy restriction. Energy restriction 
reduces energy expenditure components, including REE 
and physical AEE in weight-dependent activities. In con-
trast, there is less compensatory change with overfeeding; 
together, our biology protects us more against weight loss 
than weight gain.

The weight loss plateau observed in most studies after ~ 6 
months of weight loss is attributed to metabolic adaptations 
to energy expenditure, as energy expenditure decreases to 
equate intake. Thus, the negative energy balance is mitigat-
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ed. Resting metabolic rate is the largest component of total 
daily energy expenditure, and even before significant weight 
occurs, RMR decreases substantially with energy restriction 
[41–43]. In a 12-week weight loss program consisting of a 
very low-calorie energy-restricted diet (565–650 kcals/day) 
and exercise training, weight loss averaged 67 % of the pre-
dicted values; this has been attributed to a 11 % decrease in 
RMR during the first month of the study, as well as reduc-
tions in the dietary-induced thermogenesis, the proportions 
of loss of fat mass and lean body mass, and decrease in AEE 
with the weight loss [39]. Using prediction equations mod-
eled from weight loss studies, the early weight loss plateau 
that occurs is likely due to intermittent poor adherence to 
lifestyle changes [44].

When a Calorie is Not Necessarily a Calorie

The frequently referenced Atwater physiological fuel values 
of fats, carbohydrates, and protein considers the heat of com-
bustion of the nutrient as well as its digestibility. These val-
ues of 9, 4, and 4 kcals/gram for fat, carbohydrates, and pro-
tein, respectively, are commonly used to estimate the metab-
olizable energy of food. However, the energy availability for 
these macronutrients is not constant, and other constituents 
in foods will alter the bioavailability and subsequent energy 
value for the macronutrients. For example, the Atwater phys-
iological fuel values overestimate the available energy in a 
low-fat, high-fiber diet by ~ 10 %, independent of whether 
the fiber is from cereal or fruit and vegetable sources [45]. A 
modified Atwater approach separates the carbohydrates into 
available and unavailable (dietary fiber) carbohydrates; each 
of these have their own energy values with the energy value 
for dietary fiber taken to be 2 kcal/g [46]. This is mostly the 
result of fermentation of undigested dietary carbohydrates in 
the large intestine to short-chain fatty acids, which supply a 
lower physiological fuel value.

Besides the presence of fiber in foods/diet, other foods 
and chemical components in foods that potentially have been 
shown to alter energy balance through changes in dietary en-
ergy availability and energy expenditure in different models 
include dehydroepiandrosterone (DHEA), nuts, microbiota, 
medium-chain triglycerides (MCTs), and green tea. In an ex-
perimental model utilizing aged rats, DHEA administered in 
the diet for 13 weeks decreased the digestibility of dietary 
protein [47]. A recent review [48] presented evidence from 
epidemiological studies of an inverse relationship between 
body weight (BMI) and nut consumption (peanuts and tree 
nuts) [49–52]. Clinical studies also showed that inclusion of 
nuts into a diet resulted in no weight change. These results 
are similar to those found with pecans [53] and almonds 
[54]. Although nuts are high in energy density, this lack of 
weight gain with chronic consumption indicates that: (1) the 
energy intake provided by the nuts is offset by a reduction in 

the energy intake from other foods; (2) an increase in energy 
expenditure occurs with nut consumption; and/or (3) there is 
a decrease in available energy from the nuts [48]. In an en-
ergy balance study, consumption of whole peanuts increased 
fecal fat excretion [55]. The amount of fat loss was about 
one-third of the fat contained in the peanuts.

The microbiota contained in the human gut are also being 
investigated regarding their effect on nutrient digestion and 
absorption. The short-chain fatty acids formed from the di-
gestion of complex and indigestible carbohydrates by select-
ed bacteria have been shown to activate G-protein-coupled 
receptors in gut epithelial cells [56]. The effect from this is a 
reduction in gut motility and a subsequent increase in nutri-
ent absorption. This action is thought to be involved in the 
pathology of metabolic disorders, such as T2D. Presently, 
the specific microbes that lead to disorders or protect against 
these conditions are not known. Use of probiotics, prebiot-
ics, antibiotics, bariatric weight loss surgery, energy restric-
tion, and exercise modifies the gut microbial population, and 
these are currently being investigated for new strategies for 
obesity and metabolic disease treatment [57]. However, at 
this time, it is premature to recommend or include probiotics 
in the obesity treatment regimen in an attempt to alter the 
patients’ microbiota.

MCTs, containing 8–12 carbon atoms, have different 
metabolic pathways than long-chain triglycerides (LCTs). 
MCT are more soluble and therefore have preferential ab-
sorption into the portal vein compared to LCT. They undergo 
rapid metabolism by beta-oxidation gaining mitochondrial 
entry without the carnitine shuttle. Research has shown that 
MCT increase energy expenditure and lipid oxidation, and 
some studies present data for increased satiety and reduction 
in food intake versus LCT [58–60]. Hence, MCT have the 
potential to create a negative energy balance with long-term 
weight loss. The current intake in the USA is about 1.3 g/day, 
mostly as coconut oil and palm kernel oil [61]. In a meta-
analysis of 13 studies on the effects of MCT on weight loss, 
Mumme et al. [62] found modest reductions in body weight 
and body fat by replacing LCT with MCT. However, this 
group identified several factors that may have affected the 
quality of the results, including the level of dietary restric-
tion, dosage of MCT (ranging from 2 up to 54 g/day), and 
study duration (1–4 months).

Several studies have shown that tea, specifically green tea 
and oolong tea, influences energy balance through increas-
ing energy expenditure and fat oxidation [63, 64]. The poly-
phenols found in tea have been investigated as the mecha-
nism responsible for the modest increase in energy output 
[65]. A recent systematic review demonstrated that the use of 
green tea extracts (primarily catechins and caffeine) exposed 
individuals to higher concentrations of the active ingredients 
as compared to drinking tea prepared from steeping a tea bag 
in hot water. This paves the way for the use of a supple-
ment containing the purported active ingredients from tea. 
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Although the level of weight loss ranged from 0.3 to 3.5 kg 
over about 3 months [66], this magnitude of weight loss does 
not approach the 5–10 % weight loss deemed to be clinically 
significant. Furthermore, an alternative mechanism for tea 
catechins promoting weight loss lies in a suppression of en-
ergy nutrient absorption [67].

Behavior Modification Approaches for Lifestyle 
Therapy in Obesity

Successful behavior modification interventions have several 
key components in common. These components and strate-
gies are often employed in other disease treatment strategies 
as well. Some of the most commonly used strategies include 
frequent contact, self-monitoring, stimulus control, group 
support, and goal setting. The most recent guidelines on the 
treatment of obesity suggest that high-frequency contact 
schedules (at least 14 contacts in a 6-month period) are as-
sociated with the highest amounts of weight loss on average 
with behavioral interventions [5]. In many traditional weight 
loss interventions, one source of contact is the group coun-
seling session. Research has demonstrated that attendance 
at behavioral counseling sessions is highly correlated with 
successful weight reduction [68, 69]. The group counseling 
session becomes a setting for social support that provides op-
portunities for group interaction with other participants. This 
approach naturally leads to participants modeling behavior 
for each other and helping each other solve problems.

In addition to providing a source of social support, group 
counseling can be used to teach skills and behavioral strate-
gies such as goal setting, problem solving, and stimulus con-
trol. For goal setting, emphasis is placed on the individual’s 
ability to regulate his/her own behavior by setting goals and 
monitoring progress towards the goals [70]. Goals should 
be short-term, specific, and matched to the participant’s pri-
orities and preferences. The practitioner can also assess the 
patient’s confidence to achieve a particular goal (i.e., self-
efficacy) and modify goals where self-efficacy is perceived 
to be low. Problem solving is a common skill that most 
people use regularly in a range of areas in daily life; in this 
context, it refers to helping the patient in identifying his/her 
own barriers and generating alternative responses/solutions. 
In this way, the provider is not playing the “expert” role and 
offering solutions to problems identified by the patient, but 
facilitating the process whereby the patient devises solutions 
for him/herself.

The behavior that is most often correlated with a high de-
gree of successful behavior modification is self-monitoring 
[71]. Self-monitoring of dietary intake and physical activity 
behaviors leads to an increased awareness of actual behav-
ior and allows the patient to identify patterns, triggers, and 
thought errors that lead to deviations from the prescribed 
plan. Additionally, in the setting of supervised behavioral 

counseling, review of the food or activity diary can be in-
structive for the participant and the practitioner, leading to 
identification of implementation errors or provide insight for 
additional adjustments to the plan necessary to optimize ad-
herence and effectiveness.

Counseling Strategies for Obesity

Several strategies or approaches to behavioral counseling 
for obesity treatment have been popularized since the early 
2000s, including motivational interviewing (MI) and the 5 
A’s approach. MI is a behavioral counseling strategy that 
was derived from substance abuse counseling paradigms and 
applied in obesity interventions [72]. MI provides a client-
centered approach to counseling that allows the patient to 
identify his or her values and define action steps that are then 
consistent with those values [72]. Using an MI framework, 
the practitioner engages in reflective listening and facilitates 
the goal setting agenda by offering clarifying statements and 
probing with key questions.

The 5 A’s approach is similar to the MI framework in 
that it has been adapted from the smoking cessation treat-
ment paradigm and applied to general behavioral counseling 
schemes for lifestyle change [73]. However, the 5 A’s ap-
proach is different from MI in that it is more structured, list-
ing a series of actions for the provider to take in a counseling 
encounter with a patient that include assess, advise, agree, 
assist, and arrange (follow-up) [74]. With this framework, 
the practitioner is guided to assess weight status and associ-
ated risk, followed by a conversation to advise the patient 
of this risk and the implications of the risk. The patient and 
practitioner then agree upon goals and behavioral targets to 
change to reach the goals. The practitioner is then responsi-
ble for assisting the patient in developing a plan or accessing 
resources that help to achieve the behavior change. Finally, 
the practitioner arranges for follow-up to provide account-
ability, monitor progress, and adjust the plan as needed.

There have been very few studies that have compared 
the effectiveness of one behavioral counseling approach to 
another, making it difficult to say which technique lends to 
better outcomes. Ultimately, we recommend that the practi-
tioner have some familiarity with these types of techniques 
and apply them as necessary in a given situation. In many 
instances, each one of these types of techniques can be used 
synergistically to accomplish effective behavioral counseling.

Strategies for Implementing Energy Restriction

Total energy intake is typically reduced by 500–1000 kcals 
per day to result in a 3500–7000 kcal weekly deficit, or a 
1–2 pound per week weight loss. It has already been de-
scribed that this static model results in less than predicted 
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weight loss based on physiological adaptations that occur 
with weight loss. Reducing daily energy intake can be ac-
complished through several dietary changes. These include 
reducing portion sizes, choosing more nutrient-dense and 
less energy-dense foods, utilizing meal replacements (MRs), 
or altering macronutrient composition, glycemic index/load, 
meal frequency, or eating pattern.

Macronutrient Restriction

In conjunction with a restriction of total energy intake to pro-
duce a negative energy balance, alterations in macronutri-
ent content is often considered a key factor in weight loss 
promotion. Since proteins, carbohydrates, and lipids have 
different effects on energy metabolism, appetite, and sati-
ety, it is intuitive to consider that altering the proportion of 
macronutrients in diets with similar total calories will impact 
weight loss and body composition changes. Furthermore, al-
tering diet composition may also change the energy density 
of the diet. A theoretical basis for the role diet composition 
plays in obesity treatment and prevention was presented by 
Flatt [75]. Because of the finite capacity for storing protein 
and carbohydrate in the body, and the nearly limitless capac-
ity for fat storage, the body must have an ability to acutely 
regulate protein and carbohydrate balance. In contrast, the 
regulation of fat balance can occur chronically. The impact 
of macronutrient content of the diet on the body’s energy bal-
ance depends to some extent on the energy state of the body, 
that is, in a negative, positive, or neutral energy balance. 
When in negative energy balance, there is no significant dif-
ference between reducing the fat or carbohydrate content 
of the diet as long as the total calorie reduction is similar. 
In contrast, if the energy intake is not fixed between diets, 
that is, ad libitum intake, differences in weight loss occur 
between high- versus low-fat diets [76–78]. This supports 
the theory that the macronutrient composition of the diet im-
pacts feeding behaviors during weight loss. Furthermore, in 
energy balance conditions (stable weight), low-fat diets are 
associated with a reduced body weight, which may be based 
on the higher dietary-induced thermogenesis and lower en-
ergy intake with carbohydrates and proteins versus fat [79, 
80]. Conventional wisdom dictated that a high-carbohydrate, 
low-fat diet produced more favorable weight loss and im-
provements in cardiovascular metabolic risk factors than a 
low-carbohydrate, high-fat diet. However, this approach was 
challenged when a well-publicized clinical trial showed that 
women following a low-carbohydrate, high-fat (Atkins pat-
tern) diet lost more weight and had better improvements in 
cardiovascular metabolic risk factors than those following 
a diet higher in carbohydrates (Ornish pattern) [81]. In this 
randomized controlled trial (RCT), the calorie distribution 
intake from fat, carbohydrates, and protein at 12 months was 

44, 35, and 21 % for Atkins compared to 30, 52, and 18 % for 
the Ornish diet.

More recently, high-protein diets have gained attention as 
a dietary strategy for weight loss and post-weight-loss re-
gain. Generally, high-protein diets contain 25–35 % of en-
ergy as protein. In theory, a high-protein diet causes changes 
in both sides of the energy balance equation by increasing 
dietary-induced thermogenesis as well as reducing energy 
intake through altering satiety hormones [82–85]. Evidence 
from RCTs has supported the favorable outcome of a high-
protein diet on weight management [86, 87]. Due et al. [86] 
showed that a diet composed of 25 % of energy from protein 
resulted in greater weight loss at 6 months than a diet con-
taining 12 % of energy from protein. By 12 months, there 
was no difference in mean weight loss between diet groups; 
however, more individuals lost at least 10 kg in the higher 
protein diet. Ankarfeldt et al. [88] provided further evidence 
that a high-protein diet may be beneficial for weight loss in 
individuals who were overweight or obese. These data are 
consistent with findings from a meta-analysis of 24 studies 
that showed energy-restricted high-protein (mean of 1.25 g 
protein/kg body weight) versus standard-protein (mean of 
0.72 g protein/kg body weight) diets produced greater de-
creases in body weight (− 0.79 kg) and fat mass (− 0.87 kg), 
as well as reduced decreases in fat-free mass (0.43 kg) [89]. 
However, these were generally short-term trials with the 
mean duration of ~ 12 weeks. Furthermore, there was greater 
satiety from the high-protein diets. Although this meta-anal-
ysis was confined to studies that included diets with the same 
amount of calories, there were still advantages with regards 
to weight loss and body composition changes, indicating that 
the effect was not based on lowering energy intake.

However, there is also support indicating that clinically 
meaningful weight loss can occur across a broad range of 
macronutrient composition [90]. In a study that examined 
four diets that varied in content of fat (20–40 %), protein 
(15–25 %), and carbohydrates (35–65 %), there was similar 
weight loss among the interventions over a 2-year period 
[91]. At the end of the trial, weight loss was modest at 4 kg 
on average across all groups. There were no differences in 
hunger and satiety ratings for all diets. Overall, trials com-
paring a wide variety of macronutrient distributions have 
found weight loss success in nearly all types of hypocaloric 
diets [92]. Thus, the weight loss success of a diet may, in 
part, be dependent on the ability of the individual to adhere 
to the hypocaloric diet.

Dietary Energy Density

The notion that energy density (kcals per gram of food) plays 
a role in energy intake, such that over time there would be a 
reduction in body weight, is based on evidence that humans 
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eat a certain volume of food, independent of total energy 
content. If energy density increases, and the volume of food 
stays constant, a greater number of calories will be ingested 
[92–94]. Increasing fruit and vegetable consumption, which 
are high in water content and dietary fiber as well as reduc-
ing high-fat- and sugar-containing foods will decrease the 
energy density of the diet. If dietary compensation does not 
occur, there will be a decrease in total energy intake with 
subsequent weight loss. Over the short term, consuming a 
low-energy-dense food, such as soup or salad, before a meal 
reduces total energy intake for a single meal and for mul-
tiple meals when consumed over 1–2 days [95–98]. Rolls 
et al. further expanded this and found that consumption of 
two daily servings of a low-energy-dense soup compared to 
an isocaloric high-energy-dense snack lead to 50 % greater 
weight loss up to 12 months [99]. Furthermore, counseling to 
lower energy density through increasing fruit and vegetable 
intake, along with fat intake, lead to greater weight loss than 
a group only instructed on reducing fat intake [100]. This 
was further supported in a 3-month weight loss study that 
showed that individuals randomized to an ad libitum low-
energy-density diet prescription lost more weight than a cal-
orie-restricted, low-fat group [101]. There is also evidence 
to suggest that a low-energy-dense diet will prevent regain 
of lost weight for up to 2 years of follow-up [102]. Taken to-
gether, increasing nutrient density through consuming low-
energy-dense foods will promote greater weight loss and po-
tentially less weight regain during weight maintenance. This 
evidence formed the basis for the 2010 Dietary Guidelines 
recommendation to consume an eating pattern low in energy 
density to manage body weight.

Glycemic Index

There has been substantial interest investigating the effect of 
the glycemic load of a diet, which is defined as the product 
of the glycemic index and grams of carbohydrates in a food, 
on weight loss. The rationale is that a high-carbohydrate in-
take, specifically refined carbohydrates, will have a larger 
insulin response, thereby stimulating hunger and inhibiting 
fat oxidation. Not only would this enhance energy storage, 
but it also increases the risk for T2D and the metabolic syn-
drome. Consumption of a lower carbohydrate and higher 
protein diet could provide favorable alterations in energy ex-
penditure, blood lipids, and glucose homeostasis. In a recent 
meta-analysis comparing low- versus high-glycemic-index 
diet on weight loss, adults on the low-glycemic-index diet 
had 1.1 kg more weight loss than the high-glycemic index 
diet after 5 weeks to 6 months of intervention [103]. Con-
versely, Esfahani et al. [104] suggest there were significant 
inconsistencies in the clinical trials that compared low-gly-
cemic-index and glycemic load diets on weight loss. In this 

review, only 4 of the 19 controlled trials favored low-glyce-
mic-index or glycemic load diets compared to controls. Al-
though most studies showed a trend for increased weight loss 
with a low-glycemic-index or glycemic load diet, this effect 
did not reach statistical significance. Similarly, the glycemic 
index and glycemic load diets showed only nonsignificant 
effects on changes in body composition variables compared 
to control groups. These findings by Esfahani et al. [104] are 
consistent with the meta-analysis by Ajala et al. [105] who 
found that in comparison with control diets, a low-glycemic-
index diet showed no difference in weight loss. In a large 
multisite trial in Europe, high-protein diets (> 25 % of total 
energy consumed) and low-glycemic-index diets showed the 
most resistance to weight regain following a mean 11 kg loss 
in body weight (~ 0.95 kg less weight regained over a 26-
week period) [87]. Only the high-glycemic-index and low-
protein diet combination showed significant weight regain. 
Low- and high-glycemic-index diets were targeted to differ 
by 15 glycemic index units. Additionally, during this weight 
maintenance phase of the study, the diets were not intention-
ally restricted but were ad libitum. Finally, McMillan-Price 
et al. [106] completed an RCT examining four different diets 
that varied in carbohydrates, protein, and glycemic index 
and load, and all with similar fat and dietary fiber intake. 
Although all four diets produced the same amount of weight 
loss across the 12-week study, the high-carbohydrate, low-
glycemic-index diet, and the high-protein, high-glycemic-
index diet had a higher proportion of participants achieving 
the clinically significant 5 % weight loss goal. Thus, it is un-
certain whether reducing the glycemic index and glycemic 
load of a diet leads to greater weight loss. Notwithstanding 
this conclusion, there may be other health advantages for 
consuming a low-glycemic-index or glycemic load diet, as 
well as other dietary manipulations, beyond weight loss.

Adopting Different Eating Patterns

Vegetarian

Studies show that individuals who adhere to a vegetarian 
dietary pattern have lower BMI and are leaner than nonveg-
etarians; this may be attributed to vegetarians consuming 
nearly 500 fewer kcals per day. This also provides a basis 
that this type of dietary pattern may be effective for weight 
loss in individuals who are overweight or obese [107–109]. 
Although there are risks for nutrient deficiencies with fol-
lowing a vegetarian eating pattern, such as protein, calcium, 
iron, and vitamin B12 [110], the diet is also rich in dietary 
fiber, whole grains, fruits, vegetables, and legumes. This 
high-nutrient-dense diet contains a high volume of fiber and 
water content, and this increases satiety and reduces hun-
ger [111]. In an RCT that compared two calorie- and fat-
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restricted diets—one was from vegetarian sources and the 
other a standard omnivorous diet—both diets resulted in 
8 % weight loss at 18 months, indicating that a vegetarian 
dietary pattern could be sustained for a long period and that 
weight loss results are comparable to a standard diet over 
the long term [112]. A recent study that compared weight 
loss in overweight postmenopausal women showed that 14 
weeks of behavioral counseling for a vegan diet resulted in 
greater weight loss at 1 and 2 years of follow-up than those 
on a National Cholesterol Education Program (NCEP) diet 
(− 4.9 kg vs. − 1.8 kg at year 1, respectively, and − 3.1 kg 
vs. − 0.8 kg at year 2, respectively) [113]. Turner-McGrievy 
et al. also performed a comparison study between four differ-
ent types of plant-based diets (vegan [no animal products], 
vegetarian [no meat but allowed eggs and dairy], pesco-
vegetarian [no meat but allowed eggs, dairy, and fish], and 
semi-vegetarian [allowed red meat ≤ 1 times/week and poul-
try ≤ 5 times/week]), and an omnivorous diet. Although this 
was conducted in overweight adults, calorie restriction and 
weight loss was not emphasized in the regular group meet-
ings. At 6 months, all groups lost weight, but individuals fol-
lowing the vegan diet lost more than the pesco-vegetarian, 
semi-vegetarian, and omnivorous diets: − 7.5 % for vegan, 
− 6.3 % for vegetarian, − 3.2 % for pesco-vegetarian, − 3.2 % 
for semi-vegetarian, and − 3.1 % for omnivorous. This study 
is consistent with the notion that a nutrient-dense vegan diet 
can lead to greater weight loss than other less nutrient-dense 
plant-based and omnivorous diets [114]. In addition, it indi-
cates that less stringent vegetarian eating patterns are at least 
comparable to omnivorous diets with regards to nutrient con-
tent and weight loss.

Mediterranean

Mediterranean diets are rich in olive oil, legumes, unrefined 
cereals, fruit, and vegetables, moderate in dairy, fish, and 
wine (when not proscribed for religious reasons) as well as 
being low in meat and meat products. This eating pattern has 
been extensively studied for cardiovascular health and re-
sults consistently show benefits with regard to cardiovascu-
lar metabolic risk factors, morbidity, and mortality. Although 
not frequently investigated solely as a weight loss diet, a re-
cent meta-analysis of RCTs showed a − 1.86 kg better weight 
loss for Mediterranean diets than control diets. These data 
were derived from three trials lasting 6–12 months. In this 
eating pattern, the increase in whole grains, fruits, vegeta-
bles, and nuts likely contribute to the weight loss as these 
foods have a low energy and high-nutrient density [115, 
116]. Several observational studies have also supported the 
weight loss effects of the Mediterranean diets [117–120]. 
There are also data to suggest that this eating pattern reduces 
risk for weight gain in adults [119, 121, 122]. Higher adher-

ence to a Mediterranean eating pattern was associated with 
reduced weight gain and lower risk to develop obesity [123].

Paleo

A popular eating pattern that is only recently being re-
searched in a systematic way is the Paleolithic (or “Paleo”) 
diet. This diet comprises foods likely consumed during the 
Paleolithic period. Staple foods in the Paleolithic diet are 
lean meats, fish, shellfish, fruits, vegetables, roots, eggs, and 
nuts, with the avoidance of grains, dairy products, salt, and 
refined fats and sugar. Studies have found improvements in 
health indicators for individuals with T2D and CVD, includ-
ing hemoglobin A1c (A1C), glucose tolerance, insulin sen-
sitivity, inflammation, blood pressure, clotting factors, and 
blood lipid profiles [124–133]. Although several of these 
reports maintained body weight [133], there are a few stud-
ies that show reduction in body weight and waist circum-
ference with this diet [129, 134]. Compared to a standard 
“diabetes diet,” following a Paleolithic diet for 3 months 
resulted in 3 kg greater weight loss and a 4 cm reduction in 
waist circumference. Along with being lower in total energy, 
energy density, carbohydrates, glycemic load, calcium, and 
saturated fat, the Paleolithic diet was higher in unsaturated 
fat, cholesterol, selected vitamins, fruits, vegetables, meat, 
and eggs [134]. This reduction in total calories was accom-
panied by increased ratings of satiety at meal times, although 
participants reported difficulty in adhering to the diet [134].

Meal Replacements

Controlling portion sizes is a component of most dietary 
weight loss interventions. Research has shown that individ-
uals increase their food, beverage, and total energy intake 
when they are provided larger portions at meals [135–137]. 
By limiting food exposure using proportioned foods, energy 
and food intake can be reduced. This is consistent with the 
2010 Dietary Guidelines Advisory Committee reports [138]. 
Utilizing MRs is a strategy that has been utilized in a number 
of large-scale clinical weight loss trials [139–141]. MR are 
mostly liquid products and may be partial (PMR) or com-
plete (CMR). For PMR, one to two meals a day are from 
the liquid meal, with one to two meals from conventional 
foods. In contrast, a program utilizing CMR has no conven-
tional foods added to their diet. Both PMR and CMR add 
structure to the program and minimize decisions made by the 
individual on the amount and type of food to eat. By using 
a product with a balanced nutrient profile, nutrient intake is 
actually enhanced compared to an ad libitum weight-stable 
group [142].
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The success for MR in weight loss programs has been 
highlighted in two recent reviews [143, 144]. Over a 12-
month period, there was improved weight loss and compli-
ance with liquid PMR versus lifestyle-change programs. In 
the Look AHEAD trial, the amount of weight loss at 1 year 
was related to the number of MR [139]. Another approach 
to portion control encompasses using preportioned foods, a 
more general paradigm for liquid MR. These preportioned 
foods are typically conventional foods that are packaged for 
single meals or snacks. This still provides the same general 
concept of portion control that a liquid MR has, but it incor-
porates a variety by using solid foods. Solid food products 
have been shown to enhance satiety as compared to liquid 
MR [145, 146]. A recent systematic review and meta-analy-
sis of effectiveness trials showed that a commercial program 
that provided MR produced 6.83 kg greater weight loss at 
12 months compared to a control group [147, 148]. This dif-
ference continued at the 24-month follow-up. Together, this 
may lead to enhanced continued use with preportioned solid 
foods. While the number of studies using these products are 
limited, weight loss was greater up to 1 year when prepor-
tioned solid foods comprised the diet plan compared to a 
self-selected diet that was targeted as being isocaloric to the 
preportioned foods [149, 150].

Based on its use of liquid products, a very low-calorie diet 
(VLCD) program is often a part of a CMR strategy. With this 
diet, up to 800 calories are provided per day, mostly using 
commercial formulas in the form of liquid shakes, soups, 
or bars. This type of diet requires medical supervision and 
is most frequently used to promote quick weight loss for a 
short time period. A loss of 1.5–3 kg per week is expected 
with this diet. Importantly, there can be rapid improvements 
in comorbidities of obesity, including T2D, hypertension, 
dyslipidemia, and reducing liver volume [151–153]. The 
most serious side effect is gallstones, although there are fre-
quent reports of fatigue and gastrointestinal distress. To help 
preserve the loss of lean body mass on this diet, a minimum 
of 50 g of protein is included in the diet. In a recent review 
of commercial VLCD, the difference in mean percentage 
weight from the VLCD and comparison group ranged from 
− 1.0 to − 22.1 % over a 3 to 9 month period.

Alternate Day Fasting

The reduction of energy intake through alternate day fast-
ing is an eating pattern that is currently being investigated. 
This takes several different forms, but one method that was 
recently studied was alternating days of ad libitum intake 
followed by consuming 25–30 % of energy needs in a fast-
ing day [152, 153]. In these nonrandomized longitudinal 
trials, 4–6 weeks of alternate day fasting decreased weight 
by 5–6 kg, a rate of about 0.67 kg/week. Additionally, CVD 

metabolic risk factors improved in both studies with reduc-
tions in systolic blood pressure, total and LDL cholesterol 
as well as triglyceride concentrations. This alternate form of 
dietary restriction was developed primarily to increase ad-
herence. Instead of a daily reduction of 15–40 % in an indi-
vidual’s energy needs, this provides a model where they are 
limiting their intake only every other day. Varady et al. [153] 
demonstrated that participants were able to adhere to this 
program on 85 % of the days throughout the 8-week study. 
A recent study also showed that the timing of the meal(s) for 
the alternate day fasting has little impact on weight loss and 
CVD risk factors and may provide more flexibility for the 
individual [154]. Further research is necessary in this area to 
see if adherence remains high and if the weight loss is main-
tained over an extended period of time.

Strategies to Increase Physical Activity 
Energy Expenditure and Decrease Sedentary 
Behaviors

Intensity of Exercise and Interval Training

Epidemiological evidence from observational trials indicates 
declining levels of physical activity in the USA. Without 
adjusting energy intake, the decline in energy expenditure 
would lead to a positive energy balance. As a component of a 
lifestyle weight loss intervention, physical activity provides 
an additive effect to dietary restriction. By itself, a moderate 
increase in physical activity can achieve up to a 3 kg weight 
loss [155–162]. Part of the response is obviously related to 
level of exercise. Individuals engaging in 225–420 min of 
activity each week lost from 5 to 7.5 kg, whereas 2–3 kg was 
lost when minutes of activity per week was greater than 150 
[163].

Frequently, physical activity is attributed to prevention of 
weight regain from previous dietary restriction. Some have 
reported that it just takes a small increase in physical activity 
to prevent weight gain [164]; however, much more activity 
is required to avoid weight regain after previous weight loss 
[165]. In a number of trials, the level of physical activity (re-
ported as kcals expended in activity or minutes of activity per 
week) is related to weight loss at long-term (18–36 months) 
follow-up. Women that achieved at least a 10 % weight loss 
after 24 months reported activity levels of 275 min per week 
(1515 kcals per week) [166]. In contrast, those achieving 
less than from 0 to 5 % weight loss at 24 months reported 
an increase in physical activity of less than 500 kcals per 
week. Furthermore, a study that investigated components of 
behavioral weight loss interventions showed that engaging 
in high levels of physical activity was important for sustain-
ing at least a 10 % weight loss over 24 months [167]. The 
2259 kcals/week expended through exercise by those that 
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maintained > 10 % weight loss at 24 months is similar to the 
amount of activity reported in the National Weight Control 
Registry [165]. The ACC/AHA/TOS obesity guidelines from 
2014 also suggest that exercise reduces weight regain with 
VLCDs [5]. These same guidelines prescribe at least 150 min 
of aerobic physical activity per week for weight loss with 
200–300 min per week for maintaining lost weight or reduc-
ing weight regain. These recommendations are derived from 
a review of ten RCTs (citations for these are provided in the 
ACC/AHA/TOS obesity guidelines) that investigated com-
prehensive interventions in this area. Unfortunately, most of 
these data are from secondary analyses from RCTs or from 
observational studies and do not fully answer the question of 
the role for physical activity in weight loss maintenance or 
the regain of lost weight.

To address the role of intensity of physical activity on 
weight loss, Jakicic et al. [166] randomized nearly 200 
women (BMI 27–40 kg/m2) into one of four groups: Vigor-
ous Intensity/High Duration; Moderate Intensity/High Dura-
tion; Moderate Intensity/Moderate Duration; and Vigorous 
Intensity/Moderate Duration. The moderate and high dura-
tion groups had an estimated energy expenditure of 1000 and 
2000 kcals/week, respectively. By 12 months, each of the 
moderate and high duration groups had lost 8–10 % of their 
initial body weight, which was not statistically different. 
This nonsignificance between intervention groups remained 
at 24 months. Interestingly, the intensity of the exercise did 
not appear to affect weight loss; however, the low adherence 
to the exercise intensity prescription may have left this ques-
tion unanswered. Similarly, others have shown that exercise 
intensity and duration have minimal impact on weight loss 
[168]. In this study, weight loss was similar in a 24-week 
program comparing combinations of low or high amount 
of activity and low- or high-intensity exercise. Participants 
were told to maintain similar calorie intake to baseline mea-
sures throughout the study. Although the exercising groups 
had greater reductions in waist circumference and weight 
loss than the non-exercising controls, there were no differ-
ences among the exercise groups. Thus, these studies showed 
that exercise intensity and duration had minimal impact on 
weight loss and weight maintenance.

One mode of exercise that is gaining popularity for weight 
loss as well as overall health is to engage in high-intensity 
interval training (HIIT). With this type of exercise program, 
individuals engage in a high-intensity bout of exercise for 
30 s to several minutes, followed by 1–5 min of recovery. 
This is repeated at a minimum of four times, giving 2–5 min 
of exercise at maximum intensity and 15–25 min of low-
intensity exercise for each session. The advantage is that it is 
time efficient and has increased patient compliance. There is 
improvement in cardiometabolic risk factors in both healthy 
and at-risk populations. Studies show that HIIT lowers body 
weight, regional fat deposits in the subcutaneous and ab-

dominal depots, insulin resistance, and blood cholesterol as 
well as raises cardiovascular fitness compared to continuous 
moderate aerobic exercise [169–173]. Because a frequent 
barrier for exercise is time constraints, an HIIT program has 
been well received by individuals and it leads to less bore-
dom [174, 175]. A major limitation with this type of program 
is the potential higher risk for injuries, especially for elderly 
and sedentary individuals. Nevertheless, one study found no 
differences in injuries between those performing HIIT and 
other forms of exercise [176].

Modality of Exercise

The modality of exercise that provides the greatest benefits 
in weight loss is continually being studied as research in-
dicates that alternate formats like resistance training have 
benefits beyond aerobic training. The position from the 
American College of Sports Medicine touts the benefits of 
resistance training as part of a weight loss program [163]. 
A common theme in this area though is that the evidence 
for these recommendations has not been the primary aim in 
RCTs, but instead the data from observational studies and 
secondary analyses. In a recent randomized trial (STRRIDE 
AT/RT), aerobic training, resistance training, and their com-
bination were compared for their effect on body weight and 
body fat loss [177]. There was no specific dietary restriction 
employed in the study. The aerobic training prescription con-
sisted of treadmill, elliptical trainers, and cycle ergometers 
for a total time of about 130 min per week at 65–80 % of 
peak VO2. The resistance training consisted of 3 days/week 
for 3 sets/day with 8–12 repetitions/set for both upper and 
lower body training. The combination group performed both 
the aerobic and resistance training. Weight loss and fat mass 
(kg) change was similar between the aerobic training and 
combination group, and both were greater than the resistance 
training only group. The lean body mass change was simi-
lar for the two resistance training groups, which was greater 
than for the aerobic-only training group. Both aerobic and 
resistance training provided benefits to weight loss and body 
composition with aerobic training reducing body fat and re-
sistance training increasing lean body mass and decreasing 
percent body fat. Their combination showed effects on both 
reduction in body fat and increase in lean body mass. Thus, 
both training modes provide beneficial effects on body com-
position. However, if exercise time is limited and the primary 
focus is loss of body weight and fat mass, then aerobic train-
ing is the optimal mode. This is supported by an earlier trial 
that kept weekly exercise constant between groups [178].

As patients turn to holistic medical options for health 
and well-being, yoga has become more mainstream. If ef-
fective, it has the potential to be an economical alternative 
that has few adverse effects and high levels of adherence and 
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home practice. A number of studies have investigated yoga 
and weight management, yielding promising results with the 
reduction in body weight and body fat, and increase in lean 
body mass observed in several observational and RCT stud-
ies [179–190]. The majority of trials were in India, but a few 
have been in other areas, including the USA, Thailand, and 
Sweden. Because of the high variability in the study design 
and methodological concerns, it is difficult to draw conclu-
sive findings, but there does seem to be some promise with 
this type of lifestyle change to benefit weight loss and body 
composition.

Reduction of Sedentary Behaviors

Sedentary behaviors are frequently defined as a waking be-
havior that expends less than 1.5 METS (metabolic equiva-
lents; 1 MET equals energy expended during resting condi-
tions). This usually includes sitting or reclining, such as in 
a car, or screen time, that is, using a computer or tablet, or 
viewing television [191]. Individuals that have high levels 
of sedentary behaviors, even when they are meeting physi-
cal activity guidelines, have poor health consequences [192, 
193]. Thus, reducing sedentary behaviors in conjunction with 
increasing physical activity may be an approach for weight 
management. In testing post-bariatric surgery patients over a 
2–16-year follow-up, there is an association between weight 
loss and high levels of sitting time [194, 195]. Furthermore, 
interrupting sedentary behaviors with 1–5 min-walking 
bouts throughout the day is associated with beneficial effects 
on metabolic risk and body composition [196]. The mecha-
nism underlying the detrimental effects of these sedentary 
behaviors may reside in changes in muscle metabolism and/
or energy expenditure. Animal studies indicate that lack of 
muscle contractions decreases skeletal muscle lipoprotein 
metabolism and glucose uptake [197,198]. Furthermore, 
clinical trials indicate that regular physical activity improves 
glucose metabolism [199]. Additionally, a 5-min walking 
break every hour throughout an 8-h workday would lead to 
an additional daily expenditure of 132 kcals. This equates to 
a yearly expenditure of 33,000 additional kcals, not a trivial 
amount. Taking short breaks throughout the day during sed-
entary behaviors has been shown to affect total daily energy 
expenditure and may lead to improved muscle metabolism.

Maintenance of Weight Loss

A plan for long-term weight loss is only as good as the strat-
egies designed to maintain the weight loss once a goal is 
reached. The maintenance of weight loss is the ultimate 
challenge of lifestyle therapy for obesity. The reasons that 

maintenance of weight loss is so difficult for many are mul-
tifactorial. From a physiological perspective, intentional 
weight loss is not a naturally occurring phenomenon and 
is unique among the animal world to humans. Our homeo-
static controls of body weight are most sensitive to signals 
produced by a body that is losing mass, leading to a cas-
cade of physiological adaptations designed to minimize the 
further loss of mass and restore the body to the previous 
weight [200, 201]. These adaptations include a lowering of 
the resting metabolic rate with induction and maintenance of 
calorie restriction, decreased production of bioactive thyroid 
hormone, decreased heat generation, decreased circulating 
leptin, and improvements in muscle efficiency (i.e., burning 
fewer calories per unit of work) [201]. All of these maneu-
vers are designed to economize energy usage and lower the 
demand for energy needs in the setting of energy deficits. 
In addition to these energy-saving processes, hormonal sig-
nals begin to target the central nervous system to increase 
the sense that energy intake should increase. This is done via 
increases in hormones that increase hunger sensations and 
preferences for high-energy-dense foods [202]. Appetite-
regulating hormones like ghrelin, cholecystokinin, insulin, 
peptide YY, gastric inhibitory polypeptide, and leptin all 
change in response to sustained weight loss, leading to ef-
fects that increase the perception of hunger and food-seeking 
behavior [202]. In the context of these biological changes, 
the individual is still subjected to an environment that sup-
ports a high-energy intake and provides ample energy-saving 
devices that promote sedentary behavior. The obesogenic 
environment must be resisted at a point when the internal 
drivers for overconsumption and energy conservation are at 
their strongest.

Studies of long-term weight loss reveal some of the ef-
fects that are associated with this complex systemic response 
to the induction of weight loss. Over time, individuals gen-
erally have a gradual decrease in overall adherence to the 
initial dietary prescription. This typically results in a gradual 
increase in their reported calorie intake, slowly increasing 
back to a pretreatment level of calorie intake. There is also 
a gradual return to the pretreatment macronutrient profile or 
eating pattern. One example of this phenomenon is clearly 
seen in a study of four popular dietary strategies for calo-
rie restriction that included Atkins, Ornish, Weight Watch-
ers, and Zone diets over 12 months. After the first month, 
self-rated adherence decreased each month during the study, 
while calorie intake and macronutrient profiles trended to-
wards baseline no matter what treatment was assigned [203]. 
In addition to the dietary recidivism, physical activity levels 
also regress over time. This is especially problematic be-
cause more physical activity is required in the maintenance 
phase as a result of the efficiencies in AEE that occur with 
weight loss [5]. Studies by Weinsier et al. [204, 205] suggest 
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that in overweight women who were weight reduced to a 
normal weight with a low-calorie diet and exercise program, 
a significant proportion of weight regain is attributed to low 
levels of AEE.

It is difficult to avoid the behavioral aspects of long-term 
weight control, even though these physiological and environ-
mental forces are so dominant. As the changes in diet and 
physical activity tend to regress over time, so do the behav-
iors that are associated with successful induction of weight 
loss. For example, self-monitoring frequency tends to de-
crease in people who experience significant weight regain. 
Several studies have shown that a higher frequency of self-
monitoring, including food intake and body weight, is associ-
ated with better maintenance of weight loss [71, 206, 207]. 
The decrease in the practice of these behaviors often corre-
sponds to either a withdrawal or decrease in the frequency of 
treatment contacts, such as group or individual counseling 
[208]. As noted previously, higher frequency contact during 
the induction of weight loss is associated with larger amounts 
of weight loss; likewise, the longer the duration of this high-
frequency contact, the longer the weight loss curve extends 
[209]. In the end, it is difficult to know which factors come 
first and the interplay of these systems. For instance, does the 
persistent hormonal counter-regulatory response decrease the 
mental resolve to engage in behaviors over time, or does the 
loss of focused concentrated effort on maintaining behavioral 
engagement make one more susceptible to the physiological 
and environmental cues to resume previous behaviors?

Even though the general tendency is for weight regain, 
there is evidence regarding lifestyle interventions that are 
associated with maintenance of lost weight. From obser-
vational data, we have reports of the behaviors that people 
consistently use to assist with maintenance of a lower body 
weight. The National Weight Control Registry includes a 
self-selected sample of adults who report having maintained 
at least 30 lb weight loss for more than 1 year [210–212]. 
Behaviors commonly reported by these individuals include 
consumption of a low-calorie dietary intake, maintenance of 
high levels of physical activity (i.e., greater than 200 min per 
week of at least moderate-intensity physical activity), self-
monitoring (e.g., weighing regularly), and limited intake of 
fast food [213]. While such data are limited due to the nature 
of self-selection and self-report, there are some consisten-
cies in the potential mechanisms that one would expect to 
be associated with countering the tendency for weight re-
gain based on the known physiology. A lower calorie intake 
is necessary to be consistent with the lower body weight 
achieved and the improvements in energy efficiency. Higher 
levels of physical activity are also needed to counter the im-
provements in fitness and energy efficiency that are gained 
with weight loss. Dietary restraint, demonstrated by limiting 
fast food or high-energy-dense sweets, is likely required to 

limit the potential to indulge in highly rewarding food intake 
behaviors that have negative consequences for weight status.

From controlled trials of weight loss maintenance, we un-
derstand that with persistent intervention, a higher proportion 
of people can be successful at maintaining clinically mean-
ingful amounts of weight loss. Few studies have been con-
ducted with a true maintenance design, where the individual 
is weight reduced using a standardized or common approach 
followed by randomization to weight loss maintenance or 
control interventions. The largest such study to date was the 
Weight Loss Maintenance Trial, where 1032 individuals who 
lost at least 4.0 kg during a 6-month-weight loss intervention 
phase were randomly assigned to an interactive technology-
based intervention, a personal contact intervention, or a self-
directed intervention (control) and followed for 30 months 
[214]. A higher proportion of those assigned to the person-
al contact group (42.2 %) compared to the control group 
(33.9 %) maintained at least 5 % weight loss at 30 months. 
The proportion of people who were at or below their post-
intervention weight at 30 months was 76.7 % in the personal 
contact group and 69.3 % in the interactive technology group. 
In analyses of predictors of weight loss maintenance success, 
initial percent weight change and changes in dietary pattern 
were the only predictors associated with long-term weight 
changes. For every 1 % weight loss achieved in the initial 
weight loss phase, there was an associated 0.66 % weight loss 
over the course of the 36-month study [215]. Ultimately, the 
WLM trial demonstrates that short-term weight loss is im-
portant for weight loss maintenance, and long-term lifestyle 
therapy is beneficial and necessary for the treatment of obe-
sity. With a long-term approach to obesity treatment that con-
siders this as a chronic, relapsing disease, there is potential to 
provide effective therapy that leads to sustainable outcomes.

Developing and Implementing a Treatment 
Strategy for Obesity

Evaluation

The evaluation of the patient interested in pursuing lifestyle 
modification to lose weight should include some basic com-
ponents to establish a clear baseline, provide proper staging 
of obesity, and identification of risk factors that may modify 
the treatment approach. The evaluation can include the fol-
lowing components:

• Vital signs including weight, height, BMI, waist circum-
ference, blood pressure,

• Physical examination,
• Laboratory assessments including fasting blood glucose, 

lipids and insulin, A1C, thyroid-stimulating hormone, and
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Weight history including weight trajectory, previous weight 
loss attempts, eating behaviors, mood assessment, psychiat-
ric history, current activity patterns and limitations, and sleep 
pattern.

Goal Setting

Setting weight loss goals is a negotiated process that in-
volves the clinician partnering with the patient to identify 
goals that are well informed and have a reasonable chance 
of being achieved based on the treatment options available. 
At a minimum, the clinician should help guide the patient on 
what may be an appropriate time frame to achieve a weight 
loss goal.

• Goals should be consistent with the type of strategy uti-
lized (e.g., an MR strategy will generally lead to a faster 
rate of weight loss, while a food-based deficit diet may 
require a longer period of time to achieve similar volume 
of weight loss).

• Frequent feedback on progress towards goals is impor-
tant.

• Goals should be modified based on the situation and cir-
cumstances of the patient; alternatively, treatment can be 
modified to improve the possibility of reaching goals.

• Include non-weight-specific goals (e.g., improvements in 
physical function or risk factors, quality of life indices).

Designing Dietary Targets

Based on the identified risk factors, weight loss and risk fac-
tor modification goals, and resources available, the dietary 
strategy can be selected for maximal efficiency in achieving 
the specified goals. As noted previously, any number of di-
etary strategies can be successful in producing weight loss as 
long as the patient can adhere to it and the dietary prescrip-
tion creates a sufficient calorie deficit.

• Match dietary strategy to the identified risk factors to 
improve the chances that risk factor improvement will 
occur even with only modest weight reduction (e.g., 
low-carbohydrate diet for someone with T2D to improve 
blood glucose control).

• Understand the lifestyle factors that will affect the 
patient’s ability to adhere to a given dietary strategy (e.g., 
unlikely to cook or do a lot of food preparation and/or 
identify convenience-focused strategies).

• Discuss long-term implications of the dietary strategy 
because the maintenance pattern will likely resemble the 
initial weight loss strategy.

Designing Fitness Targets

The physical activity plan contributes to the creation of the 
targeted energy deficit in a significant way and should be 
emphasized for optimal weight loss. As with dietary strate-
gies, physical activity should be prescribed in a way that the 
patient can have a sense of confidence about achieving the 
target with reasonable effort.

• A gradual increase in physical activity to the target goal is 
preferable.

• Some focus should be given to limiting sedentary activi-
ties.

• Emphasis should be on increasing overall activity, but 
specific goals for moderate to vigorous physical activity 
are critical.

• Patients should not expect to dramatically increase the 
rate of weight loss by simply increasing exercise duration.

Follow-Up and Refinement

Providing a support system that gives the patient frequent 
contact and follow-up is important for success of the patient. 
It also gives the clinician a chance to intervene early when 
there are unexpected problems or difficulties implementing 
the prescribed plan.

• Early follow-up is important to identify problems, typi-
cally within a couple of weeks of initiating the plan.

• Short-term weight loss is predictive of longer term weight 
loss, therefore getting off to a good start is important.

• Be flexible in modifying the plan to address elements that 
are not working.

• Avoid instructing the patient to just try harder; define 
more specific plans that have measurable outcomes.

Maintenance Strategies

Once goals have been achieved, a specific maintenance plan 
should be considered paramount. Because a number of fac-
tors have changed and new behaviors can wane over time, 
the maintenance plan should help the patient understand the 
new requirements for weight control and the behaviors criti-
cal to maintaining a lower weight.

• A repeat of the initial assessment can provide the patient 
with a clear assessment of the changes achieved, includ-
ing the REE.

• Refine the dietary prescription based on the new TEE.
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• The physical activity prescription should be adjusted to 
include about a 20–25 % increase in AEE during mainte-
nance.

• Goals should be set for some frequency of behaviors that 
are associated with long-term weight loss (e.g., weigh at 
least weekly, journal food intake 3–4 days per week).

• Long-term follow-up can help provide support for the 
patient, setting the expectation that help is available in 
cases of lapses.

Case Study

BR is a 59-year-old male with a history of osteoarthritis 
of his knees, obstructive sleep apnea, gastroesophageal re-
flux disease (GERD), and obesity. He presents to the office 
for routine care and raises the concern that his knee pain is 
worsening for the past several months. He describes more 
soreness after working in the yard or walking for more than 
15 min at a time. He wants to know if there is anything else 
he can do to limit his knee pain to avoid having to take anti-
inflammatory medications persistently.

On examination, his weight is 275 lb, up 10 lb from 6 
months ago. His BMI is 39.5 kg/m2. His blood pressure 
is 142/89 mmHg. The exam is otherwise unchanged from 
previous and generally unremarkable except for an android 
body habitus with predominant excess weight at the mid-
section and some crepitus in his knees bilaterally. Labora-
tory assessment shows normal fasting blood glucose, A1C of 
5.8 %, and LDL cholesterol of 148 mg/dL.

In reviewing the laboratory results with BR and address-
ing his ongoing concerns about his knee pain, you point out 
that most of his medical issues can be addressed by focus-
ing on losing some weight. You make the link between his 
sleep apnea, knee pain, and GERD, pointing out that when 
his weight was lower 10 years ago, he did not have any of 
these issues. He states that his new job that he began around 
that time has led to him having less time for exercise. He has 
also developed the habit of eating out two times per day to 
give him more time for work. He has not tried to lose weight 
before, but is interested in trying something, especially if he 
can address a number of health concerns at once.

You start by suggesting that he set some goals. He is in-
terested in losing about 30 lb. He would also like to see if 
he could get off of his reflux medication. You advise him 
that losing 30 lb should have positive health benefits. He is 
agreeable to trying a 1600 kcal/day meal plan that will lower 
his carbohydrate intake to < 40 % of his overall calorie intake 
(< 160 g/day). One of your staff members gives him a crash 
course on tracking his food intake in one of the recommended 
electronic food journals and identifying high-carbohydrate 
foods that are part of his typical routine. He also believes 
that he can manage walking at a brisk pace for 15 min on 3 

days/week right now. Anything more than that will lead to 
more knee pain. He says that his company recently provided 
him with a fitness tracking device that he can use to track his 
daily steps. For now, he will just track this to see his usual 
activity levels. You agree that he will follow up in 2 weeks to 
have a quick visit to assess his initial progress and make plan 
adjustments as needed.

He returns in 2 weeks for follow-up. At this point, he has 
recorded his food intake on a daily basis in a journal. He has 
also exceeded his exercise goal by an additional 1 day per 
week. His weight is down 5 lb. He is not sure if his dietary 
plan is working as well because he is really busy at work. He 
is just trying to watch portions, but this leads to him still con-
suming 50 % of his calories from carbohydrate based on his 
food journal. Further discussion reveals that time constraints 
are a key barrier for adequate planning. You suggest that he 
consider using a couple of MR to help avoid dining out dur-
ing the work day and poor choices in those situations. You 
schedule a phone visit with the nurse in 2 more weeks to see 
how this new strategy is working and a 1 month follow-up 
clinic visit.

In 2 weeks, he reports that use of the MR is making a 
significant difference in his ability to meet carbohydrate 
goals and easily stay within his calorie prescription. At his 
1 month follow-up visit (6 weeks into the plan), his weight 
is 260 lb. He notices that his knees are not sore if he walks 
up to 20–25 min; he is averaging approximately 7500 steps 
per day on his fitness tracker. He is also noticing that he has 
less reflux symptoms, especially later in the evening. He is 
interested in continuing with the plan.

Over the next 4 months, he continues to lose weight 
steadily until he reaches his goal of 245 lb. At this point he is 
exercising 4 days per week, walking for 30 min at a 3.5 mph 
pace. He has not needed any medication for reflux symptoms 
in the past 2 weeks. A repeat assessment of the previous labs 
shows improvements in LDL and A1C. You suggest that as 
a part of maintenance that he weighs himself weekly with 
a goal of maintaining 245–250 lb. If his weight goes above 
250 lb, he should make an appointment to come into the of-
fice to update his plan so that he can get back within range 
quickly. He will continue to use his fitness tracker daily while 
journaling food intake at least a few days a week. You advise 
that adding strength training 2 days/week to his exercise pro-
gram at this point would be beneficial. You recommend that 
he continue to limit his carbohydrate intake to 40 % of his 
calories. He can gradually increase his calories each week by 
approximately 100 kcal until his weight stabilizes. Finally, 
you set a follow-up appointment with the nurse in 3 months 
to check his weight and review his lifestyle program.

In summary, this case provides an example of some key 
aspects of how lifestyle medicine for obesity treatment can 
be applied in a practical way for common medical problems. 
First, it is important to note that the patient did not inquire 
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directly about losing weight, but instead he was more fo-
cused on daily function and general health concerns. The 
provider takes the time to make a link for the patient be-
tween his weight and his primary health concerns, pointing 
out that improvement in body weight is an effective way 
to manage many of his concerns. This interaction is criti-
cal because many patients may not be aware of the direct 
impact of their weight on their health or may underesti-
mate the amount of benefit that may be gained by losing 
even relatively small amounts of weight. Second, it is es-
sential to engage the patient in collaborative goal setting 
to ensure that the patient is internally motivated to achieve 
the stated goals. If the provider sets the goals, the patient 
may have only a limited amount of external motivation to 
modify behaviors to please the provider. Third, the impact 
of self-monitoring and frequent follow-up cannot be under-
estimated. A key component of consistent achievement and 
progress towards goals is getting feedback to assess perfor-
mance. Feedback can come from several sources, including 
any qualified member of the medical office team. This type 
of feedback is limited without monitoring tools and regu-
lar interactions to provide timely guidance. Finally, using 
this information to modify the original treatment strategy 
is important to maintain engagement and enhance efficacy, 
particularly early in the treatment process. In this case, ad-
dressing time constraints is a practical need and a barrier 
that if not addressed may lead to less than optimal outcomes 
or worse—disinterest and disengagement.
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AACE American Association of Clinical Endocrinol-
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ADA American Diabetes Association
AHA American Heart Association
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CVD Cardiovascular disease
CDE Certified Diabetes Educator
CPAP Continuous positive airway pressure
DASH Dietary approaches to stop hypertension
DHA Docosahexaenoic acid
DSME&S Diabetes self-management education and sup-

port
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EPA Eicosapentaenoic acid 
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FDA Food and Drug Administration
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IFG Impaired fasting glucose
IGT Impaired glucose tolerance
IOM Institute of Medicine
LADA Latent autoimmune diabetes of adults
LAGB Laparoscopic adjustable gastric banding
LDL Low-density lipoprotein
MNT Medical nutrition therapy
OGTTs Oral glucose tolerance tests
RD Registered dietitian

SGLT2  Sodium/glucose cotransporter-2
STAMPEDE Surgical Treatment  And Medications Poten-

tially Eradicate Diabetes Efficiently
T1D Type-1 diabetes
T2D Type-2 diabetes
TDD Total daily dose
VLCDs Very-low-calorie diets

Introduction

This chapter will discuss the practice of lifestyle therapy in 
both type-2 diabetes (T2D) and type 1 diabetes (T1D). Man-
agement of T2D has traditionally been centered on the con-
trol of glycemia through periodic blood glucose monitoring, 
lifestyle and nutritional modifications, and use of medica-
tions that augment insulin secretion or improve insulin sensi-
tivity [1]. In T1D, the combined use of exogenous basal and 
rapid-acting insulin delivery is needed to mimic endogenous 
insulin secretion during fasting and in response to meals, 
which is no longer possible due to autoimmune destruction 
of insulin-producing pancreatic β cells. Lifestyle therapy is 
critically important for the management of both T2D and 
T1D and has undergone an evolution over the past decade. 
The conventional approach to lifestyle therapy includes sev-
eral components including diabetes self-management edu-
cation and support (DSME&S), medical nutrition therapy 
(MNT), and physical activity [2]. DSME&S has been shown 
to improve glycemic control, self-care behaviors, clinical 
outcomes, and quality of life, and there is increasing evi-
dence that community health workers and peer coaching can 
play an effective role in this process [3–8]. National stan-
dards for DSME&S are periodically updated by a task force 
representing multiple key organizations [9]. Similarly, MNT 
and physical activity for diabetes are critical for effective 
control of glycemia, prevention of vascular complications, 
and reductions in cardiovascular risk factors.
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There are two developments that have impacted the 
overall approach to lifestyle therapy. First, lifestyle therapy 
has shifted away from a universal standard prescription to 
a more individualized, patient-focused model, with the pa-
tient at the center working in collaboration with a team of 
health-care professionals. Lifestyle therapy is tailored to the 
individual patient’s needs, values, and preferences within a 
context demonstrated to improve outcomes, and the patient 
participates in therapeutic decisions together with the health-
care team. This concept is called patient centeredness. Thus, 
MNT and physical activity should be individualized based 
on individual needs, access, health literacy, and willingness 
and ability for behavioral change.

The second development in lifestyle therapy for treatment 
of diabetes involves advances in treatment options for obe-
sity that can be employed in patients who are overweight 
or obese [10]. Weight loss has long been known to enhance 
insulin sensitivity and improve glycemia in overweight and 
obese patients with T2D [11, 12]. While the conventional 
practice of MNT and lifestyle intervention in diabetes rec-
ognizes the benefits of weight loss, the approach has lacked 
a concerted approach in optimally using therapeutic options 
directed at weight loss as a primary treatment goal. This 
chapter will emphasize lifestyle therapy designed to achieve 
and sustain clinically meaningful weight loss as a primary 
objective. Despite the demonstrated benefits of weight loss, 
the underemphasis of weight loss therapy in the treatment 
and prevention of T2D may relate to difficulties in maintain-
ing clinically meaningful reductions in body weight through 
diet and lifestyle changes alone [13] and to the previous pau-
city of effective and safe weight loss medications. However, 
in recent years, randomized clinical trials have demonstrated 
not only the efficacy of lifestyle therapy and the marked 
clinical benefits of weight loss but also those components 
and practices that are most effective in producing and sus-
taining weight loss. In addition, since 2012, four new weight 
loss medications have become available, which, together 
with refinements in bariatric surgical techniques and patient 
management, have dramatically augmented therapeutic op-
tions for obesity. These developments have enabled the de-
velopment of more effective strategies and medical models 
for treatment of obesity as a disease including weight-related 
complications such as T2D [10, 14]. For example, the com-
plications-centric approach of the American Association of 
Clinical Endocrinologists (AACE) emphasizes that the pres-
ence and severity of weight-related complications such as 
T2D, rather than body mass index (BMI) per se, should be 
the primary factor in selecting weight loss treatment modal-
ity and intensity [15]. Furthermore, in patients with either 
T2D or T1D, lifestyle therapy must be individualized to 
work synergistically with glucose-lowering medications as 
part of an integrated therapeutic plan designed to prevent 
vascular complications and hypoglycemia. Therefore, a new 

reconfigured approach to lifestyle therapy is proposed for 
overweight/obese patients with diabetes, which emphasizes 
weight loss as a primary therapeutic strategy for prevention 
and treatment. This approach to lifestyle therapy incorpo-
rates evidence-based practices involving diet, physical ac-
tivity, behavioral interventions, and multidisciplinary care, 
with demonstrated effectiveness for weight loss.

Diabetes Mellitus

Prevalence rates of T2D have been increasing worldwide, 
resulting in a huge burden of patient suffering and social 
costs, which underscores the importance of finding effective 
strategies for both treatment and prevention [16, 17]. T2D is 
an end-stage manifestation of a cardiometabolic pathophysi-
ological process that produces both metabolic and vascular 
diseases. As discussed in the chapter on cardiometabolic 
risk, insulin resistance begins early in life, progresses to 
the clinically identifiable high-risk states of metabolic syn-
drome and prediabetes, and culminates in overt T2D, car-
diovascular disease (CVD), or both in single patients [18, 
19]. Obesity can worsen insulin resistance and impel disease 
progression to T2D. While the relationship between obesity 
and pathogenesis of T2D is complex, weight loss represents 
highly effective therapy for glycemic control and improves 
cardiovascular risk factors in overweight/obese individuals 
with T2D.

Diabetes mellitus is a group of disorders characterized by 
abnormal glucose metabolism that affects over 10 % of the 
US adult population [20]. In adults, diabetes is the leading 
cause of kidney failure, new cases of blindness, and non-
traumatic lower-limb amputations in the USA. Medical costs 
for those with diabetes are two to four times higher than ex-
penditures for those without diabetes [21]. The diagnosis of 
diabetes mellitus is based on measurements of blood glucose 
at levels of hyperglycemia that have been shown to place 
patients at risk for vascular complications. These thresholds 
have traditionally involved blood glucose determinations 
under fasting conditions, during oral glucose tolerance tests 
(OGTTs), or random measurements. However, recently a cri-
terion for the diagnostic use of hemoglobin A1c (A1C) has 
been added, primarily to identify patients who have diabe-
tes on the basis of elevated 2-h OGTT glucose levels, who 
may have gone undiagnosed due to the failure of health pro-
fessionals to perform OGTTs on a more widespread basis 
[22]. Measurement of glycosylated hemoglobin is used as a 
chronic indicator of blood glucose that integrates or averages 
glucose values over approximately a 1–3-month duration. In 
the body, glucose becomes attached to hemoglobin, a major 
protein constituent of red blood cells, through a nonenzymat-
ic reaction to a degree that is determined by ambient blood 
glucose levels over time.
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The diagnostic criteria for diabetes are shown in 
Table 22.1. Symptoms of uncontrolled diabetes include 
excessive thirst, polyuria and nocturia, fatigue, blurred vi-
sion, and unintended weight loss. A classification scheme for 
the group of metabolic diseases known as diabetes mellitus 
has been established by the American Diabetes Associa-
tion (ADA) [22]. This classification broadly discriminates 
between diseases caused by primary dysfunction of insulin-
producing pancreatic β cells and diseases characterized by a 
combination of insulin resistance and an impairment in insu-
lin secretion that renders the insulin secretory capacity un-
able to fully compensate for the prevailing degree of insulin 
resistance. T2D and T1D are the major types of diabetes en-
countered clinically. Other classifications of diabetes include 
gestational diabetes, severe insulin resistance and acanthosis 
nigricans, monogenic forms of diabetes (neonatal diabetes, 
maturity-onset diabetes of the young), diabetes associated 
with mitochondrial syndromes, diseases of the exocrine pan-
creas (cystic fibrosis, pancreatectomy, pancreatic diabetes), 
and drug- or chemical-induced diabetes.

T1D Formerly known as insulin-dependent diabetes melli-
tus or juvenile-onset diabetes, T1D is due to deficient insulin 
secretion resulting from autoimmune destruction of pancre-
atic β cells. Patients with T1D require exogenous insulin to 
avoid ketoacidosis and sustain life. While often presenting 
in children and adolescents, it can occur at any age. The rate 
of β cell destruction is variable, with some patients present-
ing with acute hyperglycemia and ketoacidosis, while others 
may preserve some insulin secretion for years before becom-
ing dependent on exogenous insulin therapy. T1D patients 
are also vulnerable to other autoimmune disorders such as 
celiac sprue, autoimmune thyroid disease, Addison’s disease, 
etc. An example of delayed-onset disease is latent autoim-
mune diabetes of adults (LADA). LADA generally presents 
in adults  40 years of age as a result of slowly progressive 
autoimmune destruction of β cells, and a slow decline in 
insulin secretion, with evidence of prediabetes for multiple 
years prior to the diagnosis of overt diabetes.

T2D Formerly known as non-insulin-dependent diabetes or 
adult-onset diabetes, T2D is due the combination of insulin 
resistance and impaired insulin secretion that is unable to 
compensate for the prevailing degree of insulin resistance. 

Of all patients with diabetes, 90–95 % have T2D. Insulin 
resistance occurs early in life and may be exacerbated by the 
development of obesity, particularly abdominal obesity, and 
this places metabolic stress on β cells, which hypersecrete 
insulin to maintain glucose homeostasis. T2D results when 
insulin secretory capacity begins to fail, creating a state of 
relative insulin deficiency that can no longer compensate for 
insulin resistance. Risk factors for developing T2D include 
increasing age, obesity, lack of physical activity, and a posi-
tive family history indicative of a substantial genetic basis 
for the disease.

Three major metabolic defects generate and sustain hy-
perglycemia in T2D. The first is impaired β cell insulin se-
cretion due largely to a functional defect in glucose–insulin 
secretion coupling and also due to a moderate decrease in 
β cell mass. Fasting insulin levels are usually elevated, al-
though not to the degree that would be commensurate with 
the hyperglycemia (a state of relative insulin deficiency), and 
peak insulin responses to glucose or meals are decreased in 
magnitude and delayed in time. Second, rates of hepatic glu-
cose production are elevated and correlate well with fasting 
glucose levels. Hepatic glucose output rates are elevated as 
a result of increased gluconeogenesis due in part to hepatic 
insulin resistance, increased flux of metabolic substrates to 
the liver, and high levels of glucoregulatory hormones such 
as glucagon. Finally, skeletal muscle, which mediates the 
bulk of insulin-mediated glucose uptake, is insulin resistant 
due to intrinsic defects in insulin action. These three major 
defects, present in varying degrees in essentially all patients 
with T2D, act in concert to produce hyperglycemia. Medi-
cal therapy for diabetes acts to reverse one or more of these 
metabolic abnormalities in order to achieve glycemic con-
trol. However, T2D is a progressive disease requiring inten-
sification of therapy over time (i.e., combinations of medica-
tions), and many patients end up requiring exogenous insulin 
therapy to maintain glucose control.

Diabetes care optimally involves a team of profession-
als including a physician, nurse educator, and dietitian, all 
with expertise in diabetes management. The first component 
of diabetes treatment is modulation of lifestyle in order to 
optimize glucose control. This includes regular and appro-
priate glucose self-monitoring, diet, and increased physical 
activity, together with weight loss in those patients who are 
overweight/obese. Essentially all patients with T1D will also 

Table 22.1  ADA diagnostic criteria for categories of glucose tolerance
Fasting glucose Two-hour glucose during OGTT A1C (%) Random glucose

Diabetes ≥ 126 mg/dL (7.0 mmol/L) ≥ 200 mg/dL (11.1 mmol/L) ≥ 6.5 ≥ 200 mg/dL 
(11.1 mmol/L) with 
symptoms

Prediabetes Impaired fasting glucose (IFG) 
100–125 mg/dL (5.6–6.9 mmol/L)

Impaired glucose tolerance (IGT) 
140–199 mg/dL (7.8–11.0 mmol/L)

5.7–6.4

Normoglycemic  < 100 mg/dL (5.6 mmol/L)  < 140 mg/dL (7.8 mmol/L)  < 5.7
A1C hemoglobin A1c, ADA American Diabetes Association, OGTT oral glucose tolerance test
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require insulin therapy to sustain life. The vast majority of 
T2D patients require oral or injectable drugs, including in-
sulin, to control glucose values at recommended target lev-
els that prevent the development of diabetes complications. 
Over the past 15 years, the number of effective diabetes 
medications available to health-care providers has increased. 
We have medications that act by: (i) enhancing insulin secre-
tion including the sulfonylureas (glimeperide, glipizide, and 
glyburide), the meglitinides (nateglinide and repaglinide), 
and incretin axis drugs that either inhibit the degradation of 
glucagon-like peptide-1 (dipeptidyl peptidase-4 inhibitors 
such as sitagliptin, saxagliptin, linagliptin, vildagliptin, and 
alogliptin) or act as glucagon-like peptide-1 receptor ago-
nists (exenatide, liraglutide, albiglutide, dulaglutide, and lix-
isenatide); (ii) drugs that lower hepatic glucose production 
(metformin, insulin); (iii) drugs that increase insulin sensi-
tivity in muscle (the thiazolidinediones pioglitzone and rosi-
glitazone); (iv) drugs that act at the level of the gastrointes-
tinal tract (pramlintide and colesevelam) including the gly-
cosidase inhibitors (acarbose and miglitol); and (v) sodium–
glucose co-transporter inhibitors that enhance glucose loss in 
the urine (canagliflozin, dapagliflozin, and empagliflozin).

Lifestyle Therapy: Treatment Goals

Lifestyle therapy for diabetes is designed to achieve the 
treatment goals shown in Table 22.2. First, lifestyle therapy 
is critical for chronic glycemic control in both T2D and T1D 
in order to prevent microvascular complications including 
retinopathy, nephropathy, and neuropathy. These efforts are 
directed at lowering A1C values to recommended levels to 
the degree that this can be accomplished safely in individual 
patients. A second objective is to prevent acute complica-
tions due to uncontrolled glucose levels, such as hyperos-
molar hyperglycemic nonketotic syndrome in T2D, diabetic 
ketoacidosis in T1D, and infections. In addition, lifestyle 
therapy is directed at avoiding hypoglycemia, which is det-
rimental to cognitive function, can cause coma and death, 
and places patients at increased risk for future episodes of 
hypoglycemia by blunting the counter-regulatory hormonal 
response. All patients with diabetes are at increased risk of 
CVD  events (myocardial infarction, stroke, and peripheral 
vascular disease), and therefore, improving the cardiovas-
cular risk profile through improvements in lipids and blood 

pressure is another important goal of lifestyle therapy. Final-
ly, lifestyle therapy should promote increased functionality 
and quality of life.

Lifestyle Therapy: Conventional Practice of 
Medical Nutrition Therapy and Diabetes Self-
Management Education and Support

Lifestyle therapy is a cornerstone for managing patients with 
diabetes and includes several components: MNT, increased 
energy expenditure through increased physical activity, edu-
cation regarding skills for self-management, and psychoso-
cial assessment and care [2, 9]. These components of care 
are incorporated into two modalities, MNT and DSME&S. 
Standard practices for MNT and DSME&S are reviewed and 
updated under the authority of the ADA and other agencies, 
and represent the conventional approach to lifestyle therapy 
in diabetes [9]. MNT and DSME&S are critically important 
for all patients with diabetes. However, in patients who are 
overweight or obese, these programs lack a primary empha-
sis on weight loss to a degree that is commensurate with the 
resulting clinical benefits. Therefore, we will discuss MNT 
and DSME&S, together with the implementation of new 
tools and approaches for weight loss, in an overall approach 
to lifestyle therapy that optimally benefits patients with dia-
betes.

Medical Nutrition Therapy

MNT generally involves nutrition assessment/reassessment, 
nutrition diagnosis, nutrition intervention, and monitoring 
and evaluation intended for the prevention or management 
of disease [2, 9]. In T2D, MNT is instituted at the time of 
diagnosis. Patients sometimes want to delay the start of 
medication administration to determine whether an attempt 
at lifestyle changes, including MNT and physical activity, 
can improve glycemic control, and this can be considered 
on an individual basis. The first step in MNT for diabetes 
is a dietary plan, preferably developed by a registered di-
etitian (RD), and education provided through a DSME&S 
program given by a Certified Diabetes Educator (CDE). The 
education of patients should be followed by acquisition of 
self-management skills. This can prove to be extremely chal-
lenging, and most patients will need ongoing support and 
follow-up. The Institute of Medicine (IOM) made a recom-
mendation in 1999 that Medicare cover individualized MNT 
provided by an RD as a Medicare benefit based on evidence 
clearly showing that MNT can improve clinical outcomes in 
diabetes and reduce the cost of diabetes care [23].

Nutrition therapy should be individualized taking into ac-
count personal preferences and barriers to change. Profes-

Table 22.2  Treatment goals for diabetes
Control glycemia to prevent microvascular complications
Prevent acute diabetes complications and hypoglycemia
Prevent CVD events by improving risk factors and treatment of
Dyslipidemia
Hypertension/prehypertension
Improve functionality and quality of life
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sional societies, health-care systems, and health-care insur-
ers widely recognize the need for MNT as part of diabetes 
self-management education. Despite the fact that the RD 
and/or CDE plays a pivotal role in providing MNT, all pro-
fessionals on the diabetes care team should understand the 
goals of MNT and play an active role in supporting patients 
in achieving their personal goals for meal planning and phys-
ical activity. The position statement of the ADA regarding 
MNT in adults with diabetes was revised in 2013 [24] and 
the following goals were recommended:

1. Provide education and ongoing support surrounding 
healthy eating practices including nutrient-dense foods 
and portion control;

2. Implementation of an individualized meal plan with re-
alistic goals and expectations, which promotes beneficial 
outcomes while avoiding restrictive meal-planning ap-
proaches that take away the enjoyment of eating;

3. Achieve and maintain body-weight goals;
4. Achieve targets for disease management regarding gly-

cemia, blood pressure, and lipids. Treatment goals rec-
ommended by the ADA [25, 26] are A1C ≤ 7 %, blood 
pressure ≤ 140/80 mmHg, low-density lipoprotein (LDL) 
cholesterol  < 100 mg/dL, triglycerides  < 150 mg/dL, and 
high-density lipoprotein (HDL) cholesterol ≥ 40 mg/dL 
for men and ≥ 50 mg/dL for women. The AACE [27] rec-
ommends A1C ≤ 6.5 %, blood pressure ≤ 130/80 mmHg, 
LDL cholesterol  < 100 mg/dL and  < 70 mg/dL if high 
risk, and triglycerides  < 150 mg/dL. Both ADA and 
AACE acknowledge that these treatment targets may 
need to be modified for individual patients, depending on 
factors such as age, duration of diabetes, existence of hy-
poglycemic unawareness, severity of diabetes complica-
tions, or other possible health conditions; and

5. Delay or prevent complications of diabetes.

The provider of MNT has three major issues to consider. 
The first pertains to dietary carbohydrate. Carbohydrate is 
the primary nutrient responsible for postprandial glucose 
levels, and, although there is no specific amount of carbo-
hydrate recommended for people with diabetes, the quantity 
and quality of the carbohydrate intake is important. Second 
to consider is caloric intake. All food choices affect energy 
balance, and weight management is a critical component in 
achieving glycemic control and delaying or treating other 
comorbidities. The third consideration is the impact of food 
choices related to macronutrient and micronutrient composi-
tion of the diet, which is relevant not only to glycemic control 
but also to other CVD risk factors such as hypertension and 
dyslipidemia. There is not one specific meal plan approach 
that works for all individuals with diabetes. Nutrition thera-
py needs to be individualized for the particular person and 
must take into account personal preferences, health literacy 

(ability to use written materials in achieving health goals) 
and numeracy (ability to use quantitative information related 
to health goals), socioeconomic status, cultural preferences, 
readiness to change, and any barriers to implementation of 
the diet plan. ADA recommendations for macronutrient in-
take in diabetes [2] are summarized in Table 22.3. These 
goals for macronutrient intake can be accomplished within 
any one of several healthy meal plans that can be selected 
based on personal and cultural preferences of the patient, as 
discussed below.

Carbohydrate Currently, there is no compelling evidence 
to support a specific percentage of calories from carbohy-
drates in the diet for people with diabetes [2]. Carbohydrate 
goals should be individualized, taking into account glucose-
lowering medications and physical activity. The quantity and 
type of carbohydrate can influence glycemic response, with 
simple and refined sugars producing higher glucose peaks 
than complex carbohydrates; however, the overall quan-
tity of carbohydrate consumed is the primary predictor of 
glycemic response [28]. Therefore, managing carbohydrate 
intake remains an important part of the diabetes meal plan, 
and there are different ways to teach patients how to manage 
carbohydrate intake according to their personal preferences. 
If there are health-related literacy and numeracy issues, 
a simple approach such as the plate method can be taught 
[29]. For people on fixed dose or sliding scale insulin regi-
mens, it is important to teach basic carbohydrate counting 
with the goal of consistent carbohydrate intake and timing of 
meals. Any person with diabetes using multiple daily injec-
tions or an insulin pump can intensify their insulin regimens 
and use advanced carbohydrate counting. Patients with T1D 
should use carbohydrate counting as the basis for determin-
ing the premeal dose of regular or rapid-acting insulin [24]. 
Preferred carbohydrates include those from legumes, veg-
etables, fruits, whole grains, and dairy products, while the 
consumption of carbohydrate sources with high fat, sugar, or 
sodium content should be reduced [30].

A more specific meal-planning approach focused on type 
of carbohydrate is the glycemic index (GI). GI is a measure 
of the glycemic response to a carbohydrate-containing food 
relative to white bread or glucose as a reference [31]. Using 
GI as the basis of a diet plan is controversial. For one thing, 
the glycemic load rather than the GI is most important for 
glucose homeostasis after a meal. The glycemic load is a 
function of a food’s GI, and its total available carbohydrate 
content defined as: GI (%) × carbohydrate (g). Foods with 
similar GI can have markedly different glycemic loads and 
vice versa. An example is the comparison between water-
melon, which has a high GI (= 72) and low glycemic load 
(= 5), and baked potato, which has a comparably high GI 
(= 69) but a high glycemic load (= 19). It is the baked po-
tato that will produce a greater area under the curve in blood 
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Table 22.3  Highlights of the American Diabetes Association nutritional recommendations for patients with diabetes (2015). (Source: Ameri-
can Diabetes Association [2])
Medical nutrition therapy Nutrition therapy recommended for all T2D and T1D patients as effective components of overall treatment plan 

with medications and physical activity
Macronutrient composition The evidence does not support a recommendation for the amount of calories derived from carbohydrate, fat, or 

protein
Healthful meal plan Macronutrient composition should be determined by metabolic goals within the context of healthful meal plans 

that are acceptable based on personal and cultural preferences, health literacy, access to foods, barriers, and will-
ingness to change
For adult patients who are overweight or obese, caloric reduction within the context of a healthful meal plan is 
recommended to promote moderate weight loss
Meal plan should provide recommended dietary allowances for all micronutrients. No need for routine supple-
mentation with vitamins, minerals, and antioxidants, and there is lack of sufficient evidence for recommending 
herbal supplements

Carbohydrates Most important factor in determining the extent of glycemic rise after meals. Consider the amount of carbohydrate 
and factors influencing blood glucose response in the meal plan
Modify the amount and timing of carbohydrate intake in synergy with medications (e.g., fixed multiple daily 
insulin doses) and physical activity, to improve glycemic control, minimize risk of hypoglycemia, and reduce risk 
of microvascular disease complications
Carbohydrate counting as basis for premeal insulin dose is recommended in T1D
Advise carbohydrate intake from legumes, vegetables, fruits, whole grains, and dairy products as opposed to 
sources with high fat, sugar, or sodium content
Avoid sugar-sweetened beverages
Should not displace nutrient-dense foods

Fiber USDA recommendation for dietary fiber at 14 g fiber/1000 kcal. Majority intake of grains should be whole grains
Protein Evidence inconclusive regarding ideal amount of protein. No need to reduce protein intake below normal in 

patients with chronic kidney disease
Fat Quality of fat is more important than quantity

Increase consumption of long-chain ω-3 fatty acids (EPA, DHA, and ALA), as obtained from fatty fish
MUFA- and PUFA-enriched diets such as a Mediterranean diet may benefit glycemic control and CVD risk 
factors

Sodium Recommended limit 2300 mg/day as for general population but less on an individual basis in patients with both 
diabetes and hypertension

Alcohol Use in moderation (one drink per day for women and two drinks per day for men). May increase risk for 
hypoglycemia

ALA α-linolenic acid, CVD cardiovascular disease, DHA docosahexaenoic acid, EPA eicosapentaenoic acid, MUFA monounsaturated fatty acid, 
PUFA polyunsaturated fatty acid, T1D type-1 diabetes, T2D type-2 diabetes, USDA US Department of Agriculture

W. T. Garvey and G. Arathuzik

glucose following ingestion. Secondly, studies have shown 
varied results regarding improvements in glycemia using 
GI [28, 32]. It is a complicated method of meal planning to 
teach to patients, and it is difficult to determine if any im-
proved glycemic effects are due to the GI or the higher fiber 
content of many low-GI foods [33, 34]. Similar to GI, the 
benefits of fiber on glycemic control are also debated. The 
study that showed the most significant A1C reduction with 
a high-fiber diet had participants consuming greater than 
50 g fiber per day [35]. That is an unrealistic expectation for 
most people with diabetes when the average American is not 
meeting the current fiber recommendations of 25–30 g/day 
or 14 g/1000 cal [36]. Fiber has consistently been shown to 
improve lipid levels in studies comparing low- and high-fi-
ber intakes [37–40]. People with diabetes should be encour-
aged to consume 25–30 g fiber per day with an emphasis 
on soluble fiber (7–13 g) for improving CVD risk factors. 
Insoluble fiber is largely not absorbed and does not provide 
calories, while soluble fiber provides calories at approxi-

mately 2 kcal/g due to their conversion to short-chain fatty 
acids and absorption in the gut.

Protein While recommendations for protein intake range 
from 10–15 % to 25–30 % of total calories, there is no rigor-
ously determined standard for the percent of calories from 
protein in diabetes, and, as described for carbohydrate, this 
adds flexibility for individualization of the meal plan. How-
ever, protein is a critically important macronutrient, and the 
IOM recommends that adults get a minimum of 0.8 g of pro-
tein per kilogram of body weight per day [41]. For a 2000-
cal diet, 10–15 % calories as protein would provide 50–75 g/
day, which approaches the minimum intake advocated by the 
IOM. A diet containing protein at 25–30 % of calories pro-
vides intake of 125–150 g protein per day, which is in clear 
excess of minimum requirements. Therefore, an intermedi-
ate dietary prescription of 20–25 % protein is reasonable in 
most patients. For patients following a reduced-calorie diet, 
there is a risk that 10–15 % calories and protein would result 
in an absolute intake of protein that could fall below the IOM 
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minimum. This could result in loss of lean muscle mass dur-
ing weight loss. Therefore, it is important to consider that 
a greater percentage of calories from protein is necessary 
when prescribing low-calorie diets for weight loss to ensure 
people meet minimum protein requirements.

Results are controversial as to whether dietary protein 
enrichment is useful as a strategy to lower A1C values 
[42–44]. Proteins, specifically certain amino acids such as 
leucine, arginine, and lysine, can directly simulate insulin 
secretion independent of glucose. Therefore, patients with 
hypoglycemia should be instructed to treat themselves by 
consuming fast-acting carbohydrate sources and not foods 
or snacks that are highly enriched with protein. The most 
controversial aspect of protein in the management of diabe-
tes is whether or not protein should be restricted in people 
with diabetic kidney disease. The previous recommendation 
to limit protein intake in order to delay the decline in kidney 
function is not well-founded by evidence. While one small 
study showed beneficial effects of a low-protein diet, this 
is more than counterbalanced by numerous studies of large 
sample size and long duration that show no effect on the glo-
merular filtration rate [45–49]. Since low-protein diets can 
cause malnutrition and hypoalbuminemia, reductions are not 
recommended in patients with diabetic kidney disease. Lean 
protein sources are generally encouraged such as poultry; 
fish; eggs; low-fat cheese; pork tenderloin; and lean meats 
such as the round, sirloin, and lean ground beef. While more 
studies are needed, there does not appear to be any benefit of 
plant protein over animal protein, independent of other fac-
tors on renal function or glycemic control in diabetes [50].

Fat There is no specific amount of fat intake recommended 
for people with diabetes [24]. The IOM defines an accept-
able range for total fat at 20–35 % of daily calories based on 
perceived risk of CVD  in the general population [41]. Since 
under isocaloric conditions, the type of fat consumed is more 
important than quantity [24], cardiovascular risk may be con-
ferred by the intake of saturated fat, trans fat, and cholesterol 
as opposed to total fat. While people with diabetes have a 
three- to fourfold increased risk of CVD, it is recommended 
that patients follow the same guidelines for fat intake as that 
for the general population, that is, saturated fat at 10 % or 
less of total calories and no trans fats [51]. Saturated fats 
are found in butter, full-fat dairy products, high-fat cuts of 
meat, and tropical oils such as coconut and palm oil. Trans 
fats are found in some fried foods, baked goods, snack foods, 
and stick margarines. Any food containing partially hydro-
genated oils is a source of trans fat. Previous recommended 
limits of cholesterol (i.e.,  300 mg/day) have been withdrawn 
in the latest Dietary Guidelines for Americans since available 
evidence shows no appreciable relationship between con-
sumption of dietary cholesterol and serum cholesterol [52]. 
In diabetes, saturated fat should be replaced with sources of 

unsaturated fats as opposed to replacing saturated fat with 
carbohydrates. Extensive research demonstrates that dietary 
enrichment of monounsaturated fats (MUFAs) may benefit 
glycemic control and cardiovascular risk factors, and, there-
fore, meal plans that emphasize MUFAs are healthy options 
for people with diabetes (see Mediterranean diet below) [53–
58]. Food sources of MUFAs include olives, olive oil, nuts, 
nut butters, and avocados.

The benefits of polyunsaturated fats (PUFAs) are less 
clear than those of MUFAs, including PUFAs derived from 
ω-3 fatty acids are eicosapentaenoic acid (EPA), docosa-
hexaenoic acid (DHA), and α-linolenic acid (ALA). ω-3 
fatty acid supplements have not been shown to improve gly-
cemic control but may lower triglycerides in high amounts 
[59]. ω-3 fatty acids are found in fatty fish such as salmon, 
mackerel, sardines, tuna, trout, and herring. While the basis 
of the recommendation is uncertain, the ADA advocates in-
take of fatty fish at least two times per week.

Sodium Sodium intake is recommended at  ≤ 2300 mg/day 
in the general population, and in 2014, the American Heart 
Association (AHA) recommended the intake of sodium not 
exceed 1500 mg/day for people with diabetes, hypertension, 
and chronic kidney disease, as well as for African Americans 
and anyone over the age of 51 [60]. The dietary approaches to 
stop hypertension (DASH) diet, a meal plan approach geared 
towards lowering blood pressure, did lead to improvements 
in blood pressure in a small study in people with diabetes 
[61]. The DASH diet emphasizes fruits, vegetables, low-fat/
nonfat dairy products, nuts, whole grains, lean meats, fish, 
and poultry. While a meta-analysis of randomized clinical 
trials indicated that lower sodium can reduce blood pres-
sure [62], the data have not been sufficient to support lower 
sodium intake in diabetes. The average American is consum-
ing greater than 4000 mg sodium per day. Challenges exist 
for very-low-sodium diets in Western societies due to low 
availability, increased costs, and reduced palatability of low-
sodium foods. On balance, people with diabetes and hyper-
tension can be prescribed diets containing less than 2300 mg/
day on an individual basis [63, 64].

Nonnutritive Sweeteners Currently, there are six nonnutri-
tive sweeteners approved by the US Food and Drug Adminis-
tration (FDA), including acesulfame-K, aspartame, neotame, 
saccharin, sucralose, and stevia. Nonnutritive sweeteners 
contain zero to low calories and are alternatives to nutritive 
sweeteners such as table sugar. The FDA sets an acceptable 
daily intake for sweeteners as the level that a person can safely 
consume on an average every day over a lifetime without risk 
[65]. There are limited human studies on the effects of non-
nutritive sweeteners on glycemia and weight. These studies 
generally show no effect on glucose, A1C, blood pressure, or 
body weight when comparing diets with and without nonnu-
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tritive sweeteners [66, 67]. The AHA and ADA both conclude 
there is insufficient evidence that nonnutritive sweeteners 
will lead to weight loss or improvements in glycemia, blood 
pressure, or lipids [68]. At the same time, nonnutritive sweet-
eners will not adversely affect these disease parameters, and, 
for this reason, people with diabetes can safely consume non-
nutritive sweeteners at or below the acceptable daily intake 
value. It is important to educate patients that other ingredients 
in products containing nonnutritive sweeteners may produce 
a glycemic response. In theory, using nonnutritive sweeteners 
to replace calories consumed from nutritive sweeteners, with-
out the addition of calories from other food sources, should 
help people achieve weight loss [68].

Vitamin/Mineral Supplementation There is no clear evi-
dence that people with or without diabetes need vitamin and 
mineral supplementation with the exception of pregnant/
lactating women, the elderly, vegetarians/vegans, people on 
very-low-calorie diets (VLCDs), and post bariatric surgery. 
A healthy, balanced diet will provide individuals with suffi-
cient micronutrients. If vitamin or mineral deficiencies exist, 
then supplements should be used to correct the deficiency. 
Certain micronutrients and herbs are often promoted to 
people with diabetes such as cinnamon, vitamin D, magne-
sium, and chromium. The evidence is insufficient to support 
the contention that any of these micronutrients or herbs will 
improve glycemic control and should not be recommended 
for people with diabetes.

Alcohol People with diabetes are able to enjoy alcoholic 
beverages in moderation, defined as one drink per day or 
less for adult women and two drinks per day or less for adult 
men. One drink is defined as 12-ounce beer, 5-ounce wine, 
or 1.5-ounce distilled spirits. The biggest risk of excessive 
alcohol is delayed hypoglycemia, particularly in the absence 
of food and in patients taking insulin or insulin secretagogues 
[69, 70]. Symptoms of hypoglycemia can mimic symptoms 
that occur when drinking alcohol, and alcohol consumed at 
night can increase the risk for nocturnal hypoglycemia. At-
risk patients should carry glucose tablets, frequently monitor 
blood glucose, and educate friends and family about the risks 
and symptoms of hypoglycemia.

Weight Management The clear majority of patients with 
T2D are overweight or obese, and this is becoming more of 
a problem in T1D as well. As is discussed below, weight loss 
can improve insulin resistance, glycemia, and CVD risk fac-
tors in both T2D and T1D and is recommended for people 
with diabetes who are overweight/obese. Achieving weight 
loss is best done through a lifestyle intervention program 
involving nutrition therapy, exercise/physical activity, and 
behavior modification. Despite the large number of studies 
showing benefits of weight loss, the conventional practice of 
MNT and DSME&S is generally associated with only small 

decreases in body weight and does not often achieve the full 
benefits of weight loss.

Diabetes Self-Management Education and 
Support

National standards for DSME&S are established by a task 
force of experts and stakeholder convened by the ADA and 
the American Association of Diabetes Educators [9]. These 
standards delineate self-management education strategies 
that are known to be effective as a guide for accredited pro-
grams and other providers. The standards also emphasize 
that the ongoing process of education, skill-building, and 
behavior change is individualized to correspond to needs, 
goals, and preferences of individual patients. DSME&S 
represents a key element of lifestyle therapy that empow-
ers patients for better self-care behavior and has been shown 
to improve glucose control with lower A1C values, lower 
health-care costs, decrease utilization of inpatient hospital 
services, and enhance self-efficacy and quality of life [2].

DSME&S programs must have an internal organizational 
structure and allow for input and review by external experts 
for quality improvement [2, 9]. The providers of DSME&S 
must establish and construct programs that best meet the 
needs of local populations and communities. A coordinator 
must oversee planning, implementation, and evaluation of 
programs staffed by one or more instructors and support staff 
that can include physicians, nurses, dietitians, pharmacists, 
CDEs, sociologists, psychologists, or other health workers. 
Lay health counselors and trained peer advisers can also con-
tribute to DSME&S. The program must feature a written cur-
riculum providing information about diabetes pathophysiol-
ogy and treatment options, incorporation of nutritional man-
agement and physical activity into overall lifestyle patterns, 
safe and proper use of medications, glucose self-monitoring, 
diabetes complications, psychosocial issues, and personal 
strategies for behavior change. The patient works in collabo-
ration with DSME&S providers to develop an individualized 
plan for initial care and ongoing support. Patients are moni-
tored for progress, and the DSME&S program is evaluated 
for quality improvement.

In addition to education and support, DSME&S also in-
corporates behavior modification interventions. Behavioral 
intervention is an essential aspect because it provides pa-
tients with strategies for health, such as modifying cues that 
lead to unwanted behaviors and self-monitoring to promote 
treatment adherence [2–6]. Therefore, components of a be-
havior program include self-monitoring of food intake and 
physical activity, learning to cope with negative thoughts by 
means other than eating, and changes in eating behavior such 
as portion control and consuming meals at regular times and 
in places where one can focus on the act of eating. Table 22.4 
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lists several applications (apps) for “smart” phones that pa-
tients with diabetes might find helpful in monitoring their 
diet, exercise, weight, blood glucose, and medications. A 
mental health professional is commonly needed to address 
issues such as disordered eating and depression, which, if 
not treated proactively, can jeopardize the effectiveness of 
lifestyle therapy.

Carbohydrate Counting and Insulin Dosing

An important aspect of dietary therapy in T1D, and in T2D 
patients taking premeal regular- or rapid-acting insulin, is 
carbohydrate counting. Carbohydrate is the primary nutrient 
affecting postprandial blood glucose. Since the carbohydrate 
content of meals will vary, alterations in the premeal insulin 
dose to accommodate greater or lesser amounts of carbohy-
drate provide for optimal control of postprandial glycemic 
excursions. There are different methods for managing car-
bohydrate consumption and insulin dosing. If a person is on 
a fixed dose or sliding scale, a consistent carbohydrate meal 
plan referred to as basic carbohydrate counting is the ideal 
approach. Patients learn to identify foods that contain car-
bohydrates, assess 15-g carbohydrate portions of common 
foods, by weighing and measuring foods and reading food 
labels to determine the quantity of carbohydrate per serving. 
Fifteen gram of carbohydrate is equal to one carb serving or 
one carb choice. Basic carbohydrate counting allows people 
with diabetes to make different food choices while keep-
ing the total carbohydrate content (i.e., the number of 15-g 
carb servings) of the meal constant to correspond to the pre-
scribed insulin dose. Another approach involves altering the 
insulin dose to match the quantity of ingested carbohydrate. 
This is termed advanced carbohydrate counting and allows 
people more flexibility in meal planning [71, 72]. People 
are able to consume smaller meals when feeling less hun-
gry or desiring weight loss, and larger meals when feeling 
hungry or possibly during a celebration, and alter the insulin 
dose accordingly. In both basic and advanced carbohydrate 
counting, the patient will need to perform frequent blood 
glucose checks (e.g., before and 2–3 h after meals) or use 
a continuous glucose monitor, for optimal implementation. 
Also, ongoing education and support is critical to a person’s 

success with carbohydrate counting and achieving glycemic 
and weight goals.

Advanced carbohydrate counting involves matching one 
unit of rapid-acting insulin (aspart, lispro, and glulisine) to 
a certain number of carbohydrate grams, called the insulin 
to carbohydrate (I:C) ratio. The I:C ratio only covers the in-
sulin demand to control the rise in glucose for the immedi-
ate planned meal, but if the premeal blood glucose level is 
elevated, a correction factor is used to add extra insulin to 
the I:C-determined insulin dose to bring the blood glucose 
back to goal. The correction factor reflects the absolute dec-
rement in glucose produced by one unit of insulin. A target 
blood glucose is chosen, for example 100–120 mg/dL, and 
the correction factor determines how many units are needed 
to bring the elevated premeal glucose down to the blood glu-
cose target. Since the I:C ratio is determined on an individual 
basis, candidates for advanced carbohydrate counting will 
need to meet with either an RD or a CDE to help calculate 
the I:C ratio and correction factor and learn how to use both 
the I:C ratio and correction factor to determine a premeal 
bolus [73]. Knowledge of simple mathematics is required as 
is a willingness to check glucose before meals and to count 
carbohydrate grams at each meal.

Formulas for calculating the I:C ratio and correction fac-
tor are:

I:C ratio using the 450 rule: 450/total daily dose (TDD) of 
insulin = grams of carbohydrate covered by 1 unit of rapid-
acting insulin

Example: TDD = 50 units/day, 450/50 = 9, 1 unit of insu-
lin will cover 9 g of carbohydrate

Correction factor using the 1500 rule: 1500/TDD = how 
many mg/dL of 1 unit of rapid-acting insulin will lower 
blood glucose

Example: TDD = 50 units/day, 1500/50 = 30, 1 unit of 
rapid-acting insulin will lower blood glucose by 30 mg/dL

By way of example, consider two lunchtime meals.

• Sample lunch one is: two slices of whole wheat bread 
(30-g carbohydrate or two carbohydrate servings), 
4-ounce sliced turkey, two teaspoons mayonnaise, and 
a 4-ounce apple (15 g carbohydrate or one carbohydrate 
serving). This represents a total of 45-g carbohydrate or 

Table 22.4  List of applications (apps) to assist self-monitoring in patients with diabetes
App Cost in US 

dollars ($)
Log blood 
glucose

Log food Log exercise Log meds/
insulin

Track weight Email reports/
sync

Barcode 
scanner

MyNetDiary (for diabetes) 9.99 x x x x x x x
MyFitnessPal Free x x x x x
LoseIt! Free x x x x x
mySugr Free x x x x x x
Glucose Buddy Free x x x x x x
Track3 5.99 x x x x x x
Figwee Portion Explorer 1.99 (calculates calories and nutritional content of many foods)
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three carbohydrate servings. Using 1:15 insulin to carbo-
hydrate ratio = 3 units for sample lunch one.

• Sample lunch two is: Foot-long sub roll (90-g carbohy-
drate or six carbohydrate servings), 8-ounce sliced turkey, 
two tablespoons mayonnaise, and 1-ounce Lays potato 
chips (15-g carbohydrate or one carbohydrate serving). 
This represents a total of 105-g carbohydrate or seven 
carbohydrate servings). Using 1:15 insulin to carbohy-
drate ratio = 7 units for sample lunch two.

It is important to note that insulin doses calculated using 
these formulas need to be tested in real-life situations and 
the I:C ratios and correction factors should be adjusted ac-
cordingly. A patient may need different I:C ratios at differ-
ent meals and different correction factors for daytime and 
nighttime meals. Checking blood glucose premeal and 2–3 h 
post meal will help both patients and health professionals 
determine if the I:C ratio and correction factors are appropri-
ate. Adjustments may also be needed with changes in body 
weight, work schedules or duties, exercise routines, and in-
tercurrent illness.

Carbohydrate counting is challenging. Many patients 
will admit during education visits that they usually guess 
carbohydrate grams in meals and rarely measure or weigh 
carbohydrate-containing foods. Reference to a food label 
can also enhance accuracy; however, the portion or amount 
of the food consumed must still be quantified. In advanced 
carbohydrate counting, the insulin dose and consequential 
blood glucose response is only as good as the correctness 
of the carbohydrate count. A patient should be encouraged 
to measure and weigh foods, at least initially, and either use 
reference objects as cues for visual memory, as illustrated in 
Table 22.5, or refer to pictures of food portions saved on mo-
bile phones. Patients can create cheat sheets with commonly 
eaten carbohydrate foods with portions and carbohydrate 
grams listed and carry the cheat sheets with them. There are 
multiple applications on phones and tablets available to help 
get carbohydrate information for foods and estimate portion 
sizes.

There are challenges that exist beyond the accuracy of 
carbohydrate counting. One such challenge is risk of weight 
gain, which is an increasing problem in patients with T1D, 
as is the case for society in general. Many people who have 
spent most of their lives with diabetes using the old ex-
change lists mistakenly see advanced carbohydrate counting 
as a newfound freedom, allowing them to eat as many car-
bohydrate grams as they wish. The excess calories together 
with higher calculated doses of rapid-acting insulin combine 
to promote weight gain. On the other hand, some patients 
may lose weight if they are no longer forced to eat more food 
to avoid hypoglycemia on a fixed insulin dose. Another chal-
lenge is quality of carbohydrate. If a meal contains high-GI 
carbohydrate choices, the postprandial blood glucose is often 
elevated despite an accurate carb count and insulin dose that 
would be effective for a lower GI meal. For rapidly digested 
carbohydrate-containing foods (e.g., sushi rice), it might be 
beneficial to take the premeal insulin dose 15–20 min prior 
to eating to allow more time for the insulin to peak to match 
the time of glucose absorption. For meals high in fat, slow-
ing of gastric emptying causes a delayed peak for glucose 
absorption, in which case, it might be necessary to take the 
premeal insulin dose immediately before eating. If the insu-
lin was taken earlier before a high-fat meal, the insulin peak 
may cause a decline in glucose and hypoglycemia before 
glucose absorption could occur.

Benefits of Weight Loss in Diabetes

While MNT and DSME&S recognize the importance of 
weight loss, the amount of weight loss that accompanies 
these interventions in actual practice is often minimal [74, 
75]. Unless health-care professionals have been trained in 
weight loss therapy and advocate this to patients as a key 
therapeutic strategy in its own right, it is unlikely that the 
patients will experience clinically significant weight loss 
and maintenance of that weight loss. Over the past decade, 
research has identified effective lifestyle interventions, new 
medications, and bariatric surgery approaches that greatly 
augment both treatment options and therapeutic efficacy for 
weight loss [10]. Optimal lifestyle therapy will provide for 
meaningful weight loss in overweight and obese patients 
with diabetes. The clinical benefits of weight loss in diabetes 
will be summarized below followed by lifestyle interven-
tions that can achieve these goals.

While individuals with T2D tend to have slightly more 
difficultly achieving and maintaining weight loss than those 
without diabetes [76, 77], copious data document the benefits 
of weight loss therapy in these patients. Weight loss in T2D 
lowers fasting glucose and A1C levels while reducing the 
need for conventional glucose-lowering medications [11–14, 

Table 22.5  Visual memory cues that can be used to estimate food 
volume
Item Portion size
Palm of hand (based on an average woman’s 
hand)

3–4 ounces

Thumb 1 tablespoon
Matchbook 1 tablespoon
Baseball 1 cup
Tennis ball 1 cup
Cupped hand 1/2 cup
Muffin or cupcake liner 1/2 cup
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78–93]. Additional benefits include reductions in blood pres-
sure, lower triglycerides, higher HDL cholesterol, decreased 
levels of hepatic transaminases, and improvements in bio-
markers of cardiovascular risk such as C-reactive protein, 
fibrinogen, and adiponectin. There is a growing awareness 
of the value of weight loss therapy as a primary treatment 
approach in T2D [14] as reflected in recent guidelines advo-
cated by the AACE [27, 94], the Endocrine Society [95], and 
the American Society for Metabolic and Bariatric Surgery 
[96].

Weight loss as a consequence of lifestyle interventions 
has long been known to produce clinical benefits in T2D [11, 
12], and this has most recently become apparent in the Look 
- AHEAD Trial [74–79]. This latter study randomized T2D 
patients to an intensive lifestyle intervention versus standard 
diabetes support and education. The intensive lifestyle inter-
vention resulted in 4.7 % weight loss after 4 years, with asso-
ciated benefits of lower glycemia and A1C values with less 
need for diabetes medications, diabetes remission in ~ 10 % 
of patients, lower diastolic and systolic blood pressures, im-
proved lipids (higher HDL, lower triglycerides), improve-
ments in sleep apnea as reflected by lower Apnea–Hypopnea 
Index scores, increased mobility, and improved quality of 
life [82]. However, the principal outcome measure in Look 
- AHEAD was CVD events, and the study was discontinued 
prematurely after an interim analysis showed no difference 
between treatment groups.

Weight loss through lifestyle changes alone is often dif-
ficult to maintain [97], and interventions such as pharmaco-
therapy or surgery, employed as an adjunct to lifestyle thera-
py, may be necessary. When the clinical decision is made to 
employ weight loss medications or bariatric surgery, lifestyle 
therapy remains a critical component of therapy for achiev-
ing and maintaining greater degrees of weight loss and for 
optimizing outcomes. All weight loss medications approved 
for chronic therapy of obesity have been studied in clinical 
trials enrolling T2D patients, and these data amply document 
the benefits of medicine-assisted weight loss. In these stud-
ies, all T2D patients are treated with a lifestyle intervention 
and then randomized to placebo versus weight loss medica-
tion. Weight loss in T2D patients treated with orlistat [84, 
85], phentermine/topiramate extended release (ER) [86, 87], 
lorcaserin [88], naltrexone ER/bupropion ER [89], and high-
dose liraglutide (3 mg/day) consistently led to lower A1C 
together with the reduced need for conventional diabetes 
medications in actively managed patients, when compared 
with patients treated with lifestyle modification alone. Med-
ication-assisted weight loss in these studies also resulted in 
reductions in blood pressure and improvements in lipids. By 
way of example, treatment with phentermine/topiramate ER 
resulted in 9–10 % weight loss in T2D at 1 year and A1C re-
duction by 0.4 % in patients with mild diabetes (with value of 

7.0 % at baseline) and by 1.6 % in patients with more severe, 
long-standing diabetes on multiple medications (with value 
of 8.6 % at baseline) [86]. Importantly, these improvements 
were significantly greater than the lifestyle intervention 
alone and occurred despite greater reductions in the need for 
conventional diabetes drugs. The data support the conclusion 
that weight loss as a consequence of lifestyle therapy with or 
without obesity pharmacotherapy should be considered for 
any overweight or obese patient with overt T2D.

Bariatric surgery is the most effective and durable treat-
ment for obesity and T2D [90–93] and, again, should be 
implemented in conjunction with lifestyle therapy to achieve 
optimal weight loss and to better maintain the weight loss 
over the lifetime of the patient. Bariatric surgery can be con-
sidered in patients with diabetes when the BMI is ≥ 35 kg/m2 
[96]. This approach must be balanced against the inherent 
risks of surgical complications and mortality, and also poten-
tial nutritional deficiencies, weight regain in some patients, 
and the need for lifelong lifestyle support and medical moni-
toring [96]. Not uncommonly, T2D patients will undergo re-
mission defined as the ability to maintain euglycemia in the 
absence of any diabetes medications. A meta-analysis of 27 
studies of surgical outcomes following sleeve gastrectomy 
demonstrated a diabetes remission rate of 66 % [98]. In the 
Swedish Obese Subjects study, bariatric surgery produced 
a diabetes remission rate of 72 % after 2 years, decreasing 
to a remission rate of 30 % after 15 years, and was associ-
ated with a reduction in microvascular complications [90]. 
Sleeve gastrectomy and RYGB have generally been found 
to produce the highest diabetes remission rates followed by 
laparoscopic adjustable gastric banding (LAGB) and medi-
cal therapy.

One reason that weight loss attempts are often slightly 
less effective in diabetes is that many medications used to 
treat diabetes result in weight gain. The classes of drugs most 
likely to cause weight gain are insulin, insulin secretagogues 
(sulfonylureas and meglitinides), and thiazolidinediones. In-
sulin and insulin secretagogues also put a patient at risk for 
hypoglycemia. Frequent bouts of hypoglycemia can force 
patients to consume extra calories to treat and prevent hypo-
glycemia. Weight gain is the unfortunate consequence. Other 
glucose-lowering medications are weight neutral (dipeptidyl 
peptidase-4 inhibitors, alpha-glucosidase inhibitors, cole-
sevalam, and bromocriptine) or may lead to a modest degree 
of weight loss (metformin, pramlintide, glucagon-like pep-
tide-1 receptor agonists, and sodium/glucose cotransporter-2 
(SGLT2) inhibitors) [27]. The medication options that are 
weight neutral or associated with modest weight loss are 
preferable in the obese T2D patient [27, 95]. Even so, clini-
cians should not refrain from insulin therapy when needed 
to achieve A1C targets, particularly in patients with long-
standing disease.
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Lifestyle Therapy: An Approach Emphasizing 
Weight Loss

In considering the diet component of lifestyle therapy in 
overweight/obese patients with diabetes, two important con-
siderations in the dietary prescription for weight loss are: (i)  
the macronutrient composition of the diet and (ii) total daily 
calories. Both of these aspects of the diet should be indi-
vidualized to enhance glycemic control, improve the CVD 
risk profile, provide for weight loss, and realize the over-
all goals delineated in Table 22.2. In patients with diabetes 
on glucose-lowering medications, the additional challenge 
is to coordinate these aspects of the diet with medications 
and physical activity for optimal overall disease manage-
ment while avoiding hypoglycemia. Frequent blood glucose 
checks will be needed for safe implementation of weight loss 
therapy in patients on glucose-lowering medications.

In the initial phase of weight loss therapy, patients are 
prescribed a hypocaloric diet to achieve active weight loss. 
Over time, the weight equilibrates at a new lower level and 
patients convert to a chronic phase consuming an isocaloric 
or energy-balanced diet in an effort to maintain weight loss 
at the new lower level of body weight. Lifestyle therapy will 
require adjustments appropriate for each phase. In the initial 
phase, patients are prescribed a reduced-calorie diet healthy 
meal plan. While most studies involve nondiabetic individu-
als, multiple meal plans have been shown to be effective and 
safe in diabetes during the initial active phase of weight loss 
[56–59, 61, 99, 100]. However, most of these clinical trials 
are conducted over a year or less. There are less data ad-
dressing the energy-balanced chronic phase, which is more 
important considering that this phase extends over most of 
the lifetime of the patient. Patients with diabetes require life-
long therapy, and most of the time, patients will be energy-
balanced while maintaining a reasonably stable body weight. 
This is true, of course, in patients with normal body weight, 
as well as in overweight/obese patients who are post weight 
loss. Given the lack of data on macronutrient composition 
and long-term outcomes in patients with diabetes, studies 
examining effects of energy-balanced (i.e., isocaloric) sub-
stitution or enrichment of various macronutrients on insulin 
sensitivity and CVD risk factors perhaps constitute the best 
data to inform the chronic diet plan.

Diet During the Initial Phase of Weight Loss (First 
Year)

Healthy Meal Plans

There are multiple healthy meal plans that can be delivered 
in a reduced-calorie format for patients with diabetes while 
assuring adequate intake of required nutrients [56–59, 61, 

99, 100]. Furthermore, these meal plans can be constructed 
to adhere with the ADA recommendations for macronutrient 
composition shown in Table 22.3. This will usually require 
the participation of a dietitian. Randomized trials primarily 
conducted in individuals without diabetes show that any one 
of these diets can be equally effective in promoting long-
term weight loss if patients remain compliant. Since compli-
ance depends on a meal plan that accommodates personal 
and cultural food preferences [59, 101], this should be dis-
cussed with each patient and a healthy meal plan selected 
which best matches these preferences.

Healthy meal plans can include low-carbohydrate [100], 
low-fat [99, 100], “right carbohydrate” (e.g., South Beach or 
Zone Diets), Mediterranean [55, 56, 58], volumetrics (e.g. 
EatRight Diet at the University of Alabama at Birmingham) 
[102, 103], vegetarian [99], DASH [61], paleolithic, and 
raw-food diets among others (see Table 22.5 in the chapter 
on cardiometabolic risk and descriptions in the chapter on 
obesity). Any of these meal plans can be employed in the 
initial weight loss phase in patients with diabetes; however, 
patients should also be monitored for effects on fasting and 
postprandial glucose levels, and the need to adjust glucose-
lowering medications, in order to prevent hypoglycemia 
or unwarranted hyperglycemia. Blood pressure and lipids 
should also be monitored.

There are aspects of macronutrient composition that de-
serve special mention in diabetes. Regarding low-carbohy-
drate (low-carb) diets, these patients may require a decrease 
in medications that act primarily to control postprandial glu-
cose such as rapid-acting insulin and insulin secretagogues 
(sulfonylureas and meglitinides) due to reduced carbohy-
drate intake. These diets can also be termed high-fat diets 
since it is impractical to make up the carbohydrate caloric 
deficit with dietary protein alone. In patients with diabetes, 
the quality of dietary fat is important, and efforts should 
be made to minimize saturated fat in favor of MUFAs and 
PUFAs. On the other hand, meal plans containing more car-
bohydrate, such as low-fat or vegetarian diets, may require 
an increase in glucose-lowering medications to control post-
meal glycemic excursions.

Regarding carbohydrates, patients with diabetes should 
minimize intake of simple or refined sugars for purposes of 
glycemic control, as well as any other foods found to pro-
duce high-glycemic responses on an individual basis as de-
termined using home glucose monitoring (e.g., sushi, rice). 
This is conceptually relevant to the GI; however, as described 
above, multiple dietary and physiological factors affect GI, 
and its validity as a meaningful way to characterize food in 
the implementation of nutritional recommendations is prob-
lematic [28, 32, 104]. High dietary fiber is an important de-
terminant of GI and may protect against weight gain [105, 
106] as well as improve lipid levels in patients with diabe-
tes [33, 34]. People with diabetes should be encouraged to 
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consume 25–30 g fiber per day with an emphasis on soluble 
fiber (7–13 g) for improving CVD risk factors.

The Caloric Prescription
There must exist a caloric deficit for weight loss to occur, 
and caloric reduction is critical for weight loss regardless of 
the meal plan. During the active phase of weight loss, the 
health-care professional and patient can opt for: (i) a reduced 
calorie diet where the caloric deficit is ~ 500 cal a day, (ii) a 
VLCD defined by total daily calories of 800 or less, or (iii) 
a low-calorie diet in which daily calories are intermediate 
between reduced-calorie and VLCD. To implement reduced 
and low-calorie diets, daily energy expenditure are often es-
timated in order to calculate the caloric prescription needed 
for the desired caloric deficit.

Resting energy expenditure can be estimated using sim-
ple predictive equations such as 25–30 kcal/kg body weight 
or by more complex equations such as the Harris–Benedict 
equation for men and women that take into account weight, 
height, and age [108, 109]. Indirect calorimetry provides a 
more accurate measure and can be obtained in the clinic set-
ting using hand-held, portable, self-calibrating instruments. 
Energy expenditure related to physical activity and the ther-
mic effect of food can be accounted for by multiplying the 
resting energy expenditure by 1.2 to derive an estimate of 
total energy expenditure in sedentary individuals. Several 
recent clinical trials have targeted caloric intakes of 1200–
1500 kcal/day for women and 1500–1800 kcal/day for men 
[78–81]. These estimates of energy expenditure provide a 
baseline for prescribing total daily calories that incorporate 
the desired caloric deficit. While these estimates may pro-
vide an acceptable starting point in formulating the caloric 
prescription, the patient’s response to diet will need to be 
followed and the caloric prescription adjusted accordingly if 
the weight loss is suboptimal.

Meal Replacements
Meal replacements can be recommended for weight loss 
as an option that can provide structure to a reduced-calo-
rie diet [110]. These products can enhance compliance for 
many patients due to the known caloric content that elimi-
nates guesswork, provision of required nutrients, and con-
venience. Optimal products for diabetes are characterized 
by high protein, fiber, complex carbohydrates or modified 
slowly-digesting carbohydrate with no refined sugars, low 
saturated fat, limited sodium, and no trans fat. Meal replace-
ments usually contain 175–250 kcal per serving and can be 
employed during the active phase of weight loss and during 
chronic weight loss maintenance. During active weight loss, 
meal replacements can be employed in VLCDs, or in low-
calorie and reduced-calorie diets to comprise 1 or 2 meals/
day with a third meal of portioned-controlled food. The use 
of meal replacements was associated with greater weight 

loss over 1 year in the LookAHEAD trial [111]. The util-
ity of highly defined dietary structure is further illustrated in 
studies that show that significantly greater weight loss was 
achieved using portion-controlled servings of conventional 
foods or provision of detailed menus [112, 113]. Some ex-
amples of programs that incorporate prepackaged meals or 
meal replacements designed for patients with diabetes are 
included in Table 22.6.

How Much Weight Loss Is Enough?
The weight loss goal is determined by what can be feasibly 
achieved in individual patients and by what is required to 
improve the health of the individual consistent with treat-
ment goals (Table 22.2). Most guidelines recommend weight 
loss of 5–10 % in diabetes. However, the question regarding 
how much weight loss is optimal in T2D was addressed in 
the LookAHEAD Trial [78–83]. This study randomized T2D 
patients to an intensive lifestyle intervention versus standard 
diabetes support and education. The intensive lifestyle in-
tervention resulted in greater weight loss and clinical ben-
efits than the standard intervention. Moreover, the ability of 
weight loss to lower A1C and fasting glucose, decrease sys-
tolic and diastolic blood pressure, increase HDL cholesterol, 
and decrease triglycerides was progressive over a range of 
weight loss from 5 % to  15 %. No thresholds for maximal 
benefits were observed, with the greater the weight loss, the 
greater the clinical benefits. The improvements in glycemic 
control were achieved despite reductions in diabetes medi-
cations, and remission of T2D was observed in ~ 10 % of 
patients. Therefore, in T2D, weight loss of 15 % or greater 
is optimal when achievable, while clinical benefits are still 
observed at lower levels of weight loss of (i.e., ~ 5 %).

Diet During the Chronic Maintenance Phase of 
Weight Loss (Years to Decades)

After active weight loss, patients will need an energy-bal-
anced diet prescription to maintain the new lower body 
weight and avoid weight regain. This can be problematic 
since energy expenditure decreases following weight loss 
[114]. Therefore, resting energy equations based on height 
and weight (e.g., Harris–Benedict equation) will predictably 
overestimate the number of calories needed for weight sta-
bilization. For this reason, it is wise to reduce daily calories 
by 100 kcal/day below the calculated value and to follow 
the patient making further reductions in the caloric prescrip-
tion based on changes in body weight. Indirect calorimetry 
can be helpful at this stage in providing for a more accurate 
estimate.

When patients are in energy balance or isocaloric, the 
macronutrient composition might have different effects 
in diabetes than during hypocaloric feeding. As discussed 
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Table 22.6  Options for meal replacements for patients with prediabetes and diabetes
Brand Diabetes-specific formula or 

program
Characteristics Available support

Products

Glucerna Specifically formulated for 
diabetes. Products include: 
Glucerna Advance, Glucerna 
HungerSmart and Glucerna

Shakes and bars; nutrition components include modified 
and slowly digesting carbohydrates, fiber, and unsaturated 
fat. Glucerna HungerSmart contains minimal carbohydrate, 
so caution needed in patients taking glucose-lowering 
medications

Web-based support

Boost Boost glucose control Shakes; nutrition components include: high protein, 
unsaturated fat, complex carbohydrate, and low carbohy-
drate, so caution needed in patients taking glucose-lowering 
medications

Web-based support

Slim-Fast Slim Fast 3-2-1 plan Shakes, bars, snacks; nutrition components include: high 
protein, fiber, and low carbohydrate, so caution needed in 
patients taking glucose-lowering medications

Web-based information

Almased Appropriate for diabetes Shakes; nutrition components include: Fermented soy 
protein, skim-milk yogurt powder, honey, high protein, 
and low carbohydrate, so caution needed in patients taking 
glucose-lowering medications

Web-based information

EAS AdvantEDGE 
carb control

EAS AdvantEDGE carb 
control

Nutrition components include: low calorie, high protein, 
and low carbohydrate, so caution needed in patients taking 
glucose-lowering medications

Web-based information

Carnation instant 
breakfast

Carnation breakfast essen-
tials—no sugar added

Powder mixed with milk; nutrition components include low 
calorie and high fiber; when mixed with milk carbohydrates 
and calories are not too low

Web-based information

Programs
OptiFast No diabetes specific meal 

plan
Includes shakes, bars, soups, and powders; designed for 
VLCD; nutritionally complete; high protein; no fiber unless 
fiber powder supplement is used

Medically monitored 
program only avail-
able through health care 
professionals

Robard—New 
Direction and 
Nutrimed

No diabetes specific meal 
plan

Includes shakes, bars, entrées, desserts, soups, and snacks; 
designed for VLCD; nutritionally complete

A multidisciplinary pro-
gram of behavior modifica-
tion, nutrition education, 
physical activity, and 
group support to reinforce 
lasting lifestyle changes

Jenny Craig Diabetes-specific meal plan 
available

Includes preportioned, prepared entrées and snacks coupled 
with fruits, vegetables, and nonfat yogurt from the grocery; 
food picked up at a center

Weekly meetings with a 
nutritional consultant; has 
maintenance component

Nutrisystem Three diabetes specific meal 
plans available

Includes preportioned, prepared entrées and snacks coupled 
with fresh food from the grocery; food delivered through 
mail

Has a community forum 
and discussion boards; 
Nutrisystem D has support 
from CDEs

Medifast Specific plan available for 
patients with diabetes

Most Medifast dieters use the current 5&1 plan. It provides 
six meals a day, five of them 100-cal Medifast products—a 
shake, bar, oatmeal, soup, or even cheese puffs. The sixth 
meal, which you can have at any time, is a lean-and-green 
entrée you prepare yourself, built around 5–7ounces of lean 
protein and three servings of non-starchy veggies. Eventu-
ally transition to more meals and fewer meal replacements

Health Management 
Resources

No diabetes-specific meal 
plan

Includes preportioned, prepared entreés and snacks as well 
as shakes, bars, and soups; designed for VLCD

Medically supervised in 
clinics providing support 
and education classes or 
done at home using “com-
plete diet kits”

Weight Watchers No diabetes-specific plan Foods are assigned a “pointsplus” value, and number of 
points allowed daily is individualized based on weight loss 
goals. “Pointsplus” values are based on protein, carb, fat, 
and fiber content of the food

Support provided through 
meetings as well as per-
sonalized coaching done 
online and/or phone/email/
text

CDE certified diabetes educator, VLCD very low calorie diet
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above, various healthy meal plans, which vary widely in the 
proportion of fat and carbohydrate content, have been rela-
tively well studied during the active phase of weight loss. 
Unfortunately, little long-term data exist beyond 1 or 2 years 
on these diets. In particular, effects on long-term clinical out-
comes, such as chronic glycemic control, CVD events, and 
mortality, are largely unknown. The duration of consuming 
an energy-balanced diet will extend over a much greater por-
tion of the lifespan, and therefore, the impact of the various 
diets on cardiometabolic pathophysiology, disease biomark-
ers, and clinical outcomes is of great importance. The ques-
tion regarding optimal diet is also relevant to normal-weight 
patients with diabetes who do not require weight loss.

If there is a lack of data addressing long-term outcomes, 
what evidence can be used to guide the dietary prescription? 
One consideration was highlighted in selecting the diet for 
active weight loss, namely, the healthy meal plan that could 
best accommodate personal and cultural preferences result-
ing in greater rates of compliance. This remains an important 
consideration during chronic weight maintenance. However, 
the second consideration is a large body of data indicating 
that isocaloric substitution of macronutrients can influence 
insulin sensitivity and cardiovascular risk factors [115]. 
Since insulin resistance is key to the pathophysiology and 
progression of diabetes and CVD risk, it is reasonable to em-
phasize macronutrients that enhance insulin sensitivity, and 
reduce nutrients that promote insulin resistance, in formulat-
ing a long-term dietary plan.

Macronutrients that favorably or adversely affect insulin 
sensitivity under energy-balanced conditions were described 
in detail in the chapter on cardiometabolic risk. Isocalo-
ric substitution experiments indicate that diets enriched in 
MUFAs, PUFAs, whole grains, and high fiber result in an 
increase in insulin sensitivity and improvements in cardio-
vascular risk factors, while enrichment in saturated fat and 
trans fat, refined grains, and reduced fiber promote insulin 
resistance and dyslipidemia [115]. This information is rele-
vant to the lifelong dietary prescription for patients with dia-
betes until data from longer-term outcome studies become 
available.

Several healthy meal plans are able to accommodate the 
nutrients that favor insulin sensitivity. However, the meal 
plans have relative advantages and disadvantages for pa-
tients with diabetes, and adjustments in diabetes medications 
will be required based on the selected diet. Low-carb diets 
involve increased fat consumption since protein intake can-
not usually compensate for the reduction in carbohydrate 
calories. If the low-carb diet is to be used for chronic weight 
loss maintenance, it would be important to minimize satu-
rated fat in favor of monounsaturated fat [53, 54]. Due to the 
limited a number of foods highly enriched in MUFAs (olive 
oil, avocados, and nuts), a concerted effort working with a 

dietitian is recommended in order to maintain a high MUFA/
saturated fat ratio (≥ 2:1) and at the same time assure a wide 
range of diet choices. Furthermore, lipid panels should be 
followed closely for changes in LDL cholesterol, HDL cho-
lesterol, triglycerides, and non-HDL cholesterol since there 
is lack of data on the long-term effects of a low-carb diet 
under weight maintenance conditions. As described in the 
chapter on cardiometabolic risk, the Mediterranean diet is 
a meal plan that can be effective and a diet that has been 
studied with respect to long-term outcomes [55–58]. This 
diet features MUFA-enriched olive oil as a fat source and 
has been associated with reduced CVD and mortality in the 
Lyon Diet Heart Study [116, 117]. On the other hand, low-
fat diets, including volumetric, vegetarian, and DASH diets, 
are relatively high in carbohydrates, which could potentially 
have the effect to worsen glycemic control in patients with 
diabetes, particularly in response to meals. Complex carbo-
hydrates and low-GI meals should be emphasized and medi-
cation regimens altered to control postprandial glycemic 
excursions. The patient should check glucose levels before 
and 2–3 h after meals and employ drugs that effectively con-
trol postprandial glucose responses (dipeptidyl peptidase-4 
inhibitors, alpha-glucosidase inhibitors, glucagon-like pep-
tide-1 receptor agonists, sulfonylureas, meglitinides, and/or 
rapid-acting insulin) as needed.

Physical Activity

Increased physical activity is an important component of 
lifestyle therapy in diabetes. Structured exercise can improve 
glycemic control in T2D without a change in BMI [118] and 
in T2D and T1D, improve fitness, muscle strength, and in-
sulin sensitivity [119]. In the context of an overall lifestyle 
intervention, regular exercise can contribute to weight loss 
and prevention of weight regain, lower A1C values, enhance 
mobility, and improve cardiovascular risk factors such as lip-
ids and blood pressure [120–121]. Studies have demonstrat-
ed beneficial effects of both aerobic and resistance exercise, 
and additive benefits when both forms of exercise are com-
bined [122, 123]. Physical activity guidelines proposed by 
the ADA, AHA, and the American College of Sports Medi-
cine are well aligned and advocate both aerobic and resis-
tance exercises. A consensus recommendation would include 
30 min of moderate intensity exercise 5 days/week for a total 
of 150 min/week, or 20–25 min of vigorous intense exercise 
3 days/week for a total of 60–75 min/week, combined with 
resistance training involving each major muscle group 2–3 
days/week [124, 125]. Reduction in sedentary behavior can 
be helpful, with the recommendation that sedentary periods 
last 90 min or less and are interrupted by periods of activity 
[126].
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However, many patients with diabetes cannot adhere to 
these optimal recommendations due to physical limitations 
[127–130]. It is important to individualize the prescription 
for physical activity to include activities and exercise regi-
mens within the capabilities of the patient while maximizing 
the degree of conditioning that is possible, as delineated in 
Table 22.7. The activities should be enjoyable to the patient 
with strong support and encouragement by the health-care 
team and should start slow with gradual increments in in-
tensity. Elderly patients or persons with disabilities should 
also try to approach levels of activity in the guidelines to 
the extent possible; however, even reduced activity regi-
mens, range of motion, or flexibility exercises should be en-
couraged. Clearly, the health-care provider and the patient 
should together establish the exercise prescription with the 
goal for long-term compliance. Physical activity will need to 
be specifically designed to accommodate patients with au-
tonomic neuropathy, retinopathy, and diabetic foot disease 
[127–130]. Moderate resistance and aerobic exercise is also 
recommended for patients with chronic kidney disease and 
patients on hemodialysis. While exercise can temporarily in-
crease proteinuria, there does not appear to be any chronic 
effect on albuminuria or on the decline in renal function.

Patients with diabetes should be carefully evaluated by 
history and physical exam for CVD, and health-care profes-
sionals should use clinical judgment in selecting patients 
for cardiac testing prior to initiating a physical activity 
program [131]. High-risk patients should be encouraged to 
start slowly with low-intensity exercise and build gradually. 
While cardiac testing need not be performed on a routine 
basis, candidates for stress tests include: (i) established vas-
cular disease or previous CVD events, (ii) typical or atypical 

chest pain, (iii) abnormal resting electrocardiogram (ECG), 
and (iv) patients at high risk due to chronic abnormalities in 
CVD risk factors. This latter category would include patients 
with chronic kidney disease or albuminuria. It is important to 
keep in mind the problem of “silent” myocardial ischemia in 
patients with diabetes.

In diabetes, the timing and intensity of physical activity 
should be integrated with meal patterns and diabetes medica-
tions to optimize glycemic control and avoid hypoglycemia 
[132]. Exercise itself can be used to lower plasma glucose 
via contraction-mediated glucose uptake into skeletal muscle 
in patients with diabetes; however, the response to exercise 
is variable among individuals. Therefore, it is important for 
patients to perform glucose monitoring before and after ex-
ercise to identify patterns of glucose response for future ref-
erence. In T2D, if the glucose value is elevated  300 mg/dL 
(16.6 mmol/L) at the beginning of exercise, the value can in-
crease with the stress and effort of exercise in some individu-
als, although most patients if hydrated will not experience 
adverse consequences upon exercising under these condi-
tions. T1D patients will need to take more precautions if the 
initial glucose is  300 mg/dL since vigorous exercise could 
exacerbate hyperglycemia and ketosis. T1D patients should 
avoid exercise when they are ketotic; however, the problem 
here is that urine dipsticks or capillary blood measurements 
for ketones may not be available. For this reason, it may be 
advisable for many T1D patients to postpone exercise when 
initial glucose values exceed 300 mg/dL. If the initial glu-
cose is < 100 mg/dL (< 5.6 mmol/L) in patients with T2D or 
T1D, glucose levels could fall into the hypoglycemic range 
during exercise, particularly in patients treated with insulin 
or insulin secretagogues (sulfonylureas and meglitinides). If 

Table 22.7  Special considerations for exercise in patients with diabetes and diabetes complications
1 Foot disease/peripheral vascular disease

Refer patient for podiatry care and prescription for optimal footwear. Educate patient regarding routine foot checks. No weight-bearing 
activities if active foot ulcer but can consider swimming, water aerobics, and resistance training (upper body)

2 Orthostasis
Consider patient for cardiac evaluation due to high risk of underlying coronary artery disease and to exclude silent myocardial ischemia. 
If patient has difficulty with upright physical activity, consider recumbent chair and weight lifting, semi-recumbent cycling, and water 
exercise. Encourage hydration. Assess whether changes are needed in hypertension medication regimens that include vasodilatory drugs, 
beta-blockers, or diuretics and whether SGLT2 inhibitors diabetes may be exacerbating the orthostasis

3 Autonomic neuropathy
Consider patient for cardiac evaluation due to high risk of underlying disease and to exclude silent myocardial ischemia (e.g., ECG 
stress test, or persantin thallium stress test). Caution needed if anhydrosis is present to avoid hyperthermia when exercising in warm 
environments

4 Proliferative retinopathy
Avoid vigorous aerobic and resistance exercise. Consider low-impact physical activity such as stationary bicycle, swimming, stairstep-
pers & ellipticals, walking, and less-intense aerobics

5 Elderly patients with diabetes
A combination of aerobic and resistance exercise can contribute to healthy aging by increasing fitness, insulin sensitivity, muscle 
strength, functional capacity, and bone health. Consider referral to an exercise professional, particularly in the setting of sarcopenia and 
impaired functional status. If mobility is impaired, encourage range-of-motion and movement exercises, stretching while sitting, and 
physical therapy referral. Resistance exercise should be emphasized in patients with sarcopenia. Special caution is needed to avoid hypo-
glycemia, particularly if meal schedules are irregular and if the patient is treated with insulin or insulin secretagogues

ECG electrocardiogram, SGLT2 sodium/glucose cotransporter-2
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this is an established pattern, the patient should try eating a 
small mixed meal or snack containing carbohydrate prior to 
exercise.

Lifestyle Therapy in Patients Treated with 
Weight Loss Medications or Bariatric Surgery

Lifestyle therapy, while effective as a sole therapeutic ap-
proach, is also a critical component of care in combination 
with weight loss medications and bariatric surgery in the 
treatment of overweight and obese patients with diabetes. As 
discussed in the chapter on cardiometabolic risk, compensa-
tory changes following weight loss promote increased hunger 
and energy expenditure, favoring weight regain back to the 
original high body weight. As sustained behavior change can 
be challenging, patients need help, and this can be achieved 
by prescribing medications as an adjunct to lifestyle modifi-
cation. From 2012 to 2014, there were four new weight loss 
medications approved for the chronic treatment of obesity 
by the FDA: lorcaserin, phentermine/topiramate extended-
release (ER), naltrexone ER/bupropion ER, and high-dose 
liraglutide (3 mg/day). Orlistat, approved in 1999, was the 
only preexisting medication approved for long-term pharma-
cotherapy and the only one currently permitted in Europe 
and many other countries. Orlistat is also the only approved 
long-term drug for obese adolescents aged ≥ 12 years. All 
these medications are approved in the USA as adjuncts to 
lifestyle modification in overweight patients with BMI 27–
29.9 kg/m2 having ≥ 1 weight-related comorbidity, generally 
taken to be diabetes, hypertension, or dyslipidemia, or obese 
patients (BMI ≥ 30 kg/m2) whether or not comorbidities are 
present. With the exception of orlistat, these medications 
act on central mechanisms regulating appetite and satiety, 
and help combat the pathophysiological adaptations that are 
driving weight regain. This helps patients sustain weight loss 
and helps them comply with reduced-calorie diets. For this 
reason, the medications must be used as adjuncts to lifestyle 
therapy and reduced-calorie meal plans for optimal benefit.

In patients with T2D, all approved weight loss medica-
tions have been shown to result in greater weight loss and 
lower A1C values, while at the same time requiring reduc-
tions in glucose-lowering medications, when compared with 
patients treated with lifestyle therapy alone [14, 86, 88–91, 
133, 134]. In addition to greater weight loss, the addition 
of pharmacotherapy to lifestyle sustains weight loss for a 
greater period of time than that attributable to lifestyle inter-
ventions alone. The weight loss is also generally associated 
with reductions in blood pressure and triglyceride levels. 
Thus, weight loss medications in conjunction with lifestyle 
therapy can be highly beneficial in the treatment of patients 
with diabetes [27]. This has been demonstrated in clinical 
trials for orlistat [84, 85, 133], phentermine/topiramate ER 

[86], lorcaserin [88], naltrexone ER/bupropion ER [89], and 
liraglutide 3 mg/day.

Bariatric surgery can be considered in T2D when the BMI 
is ≥ 35 kg/m2, especially if the diabetes or associated comor-
bidities are difficult to control with lifestyle and pharmaco-
logic therapy [96]. Lifestyle therapy is critical in these pa-
tients both before and after surgery for optimal clinical out-
comes and for preventing weight regain following the pro-
cedures. Bariatric surgery procedures in T2D have produced 
marked reductions in both A1C and diabetes medications, 
and can result in remission of diabetes (normal A1C values 
without antihyperglycemic agents) in some patients. In addi-
tion, extended follow-up demonstrated that both CVD events 
and mortality were reduced in patients treated by surgery 
[134]. In the Surgical Treatment and Medications Potentially 
Eradicate Diabetes Efficiently (STAMPEDE) trial, glycemic 
control in T2D patients following bariatric surgery was im-
proved to a greater extent than in medically treated patients 
[91]. These data should be interpreted cautiously because 
glycemic control in the medically treated patients was not 
optimal and the study did not include a weight loss arm using 
intensive lifestyle/behavior therapy plus weight loss medica-
tions. On balance, the data support bariatric surgery as an 
effective therapeutic approach in T2D patients with BMI 
≥ 35 kg/m2, with uncontrolled diabetes and obesity refracto-
ry to lifestyle and pharmacotherapy. This approach must be 
balanced against the inherent risks of surgical complications 
and mortality, and also potential nutritional deficiencies, 
weight regain in some patients, and the need for lifelong life-
style support and medical monitoring [96]. Nutrition therapy 
in these postoperative patients must guard against nutritional 
deficiencies and include supplementation of micronutrients 
including iron, calcium, vitamin D and other fat-soluble vi-
tamins, vitamin B complex (to include thiamine, folic acid, 
and vitamin B12), and minerals (copper, zinc, and selenium).

Final Summary Recommendations

 1.  The goals of lifestyle therapy in diabetes are: (i) control 
glycemia to prevent microvascular complications, (ii) 
prevent acute complications and hypoglycemia, (iii) 
prevent CVD events by improving risk factors such as 
dyslipidemia and hypertension, and (iv) improve func-
tionality and quality of life.

 2.  MNT and DSME&S programs are critically important 
components of lifestyle therapy in patients with T2D 
and T1D. These interventions should be individualized 
and developed by the health-care team in collaboration 
with the patient.

 3.  Patients with diabetes should adhere to principles 
of macronutrient intake advocated by the ADA 
(Table 22.3). This can be accomplished by any one 



238 W. T. Garvey and G. Arathuzik

of several healthy meal plans, which assure adequate 
nutrient intake and which can be selected based on per-
sonal and cultural dietary preferences.

 4.  Lifestyle therapy includes physical activity that opti-
mally encompasses both aerobic and resistance exer-
cises and a reduction in sedentary behavior. However, 
the prescription for physical activity must be tailored 
to the preferences and capabilities of patients with dia-
betes and take into account the presence of diabetes-
related complications.

 5.  In diabetes, the meal plan, physical activity, and use of 
glucose-lowering medications are designed to work in 
concert with each other to synergistically enhance gly-
cemic control and avoid hypoglycemia.

 6.  Patients with T1D, and those T2D patients taking pre-
meal regular or rapid-acting insulin, can effectively 
manage their diabetes by practicing carbohydrate count-
ing in concert with premeal insulin dosing for optimal 
control of post-meal glucose excursions.

 7.  Weight loss in overweight/obese patients with diabe-
tes can dramatically benefit patients with diabetes by 
enhancing glycemic control with reduced need for glu-
cose-lowering medications and by improving the CVD 
risk profile.

 8.  Despite the clear benefits of weight loss, the conven-
tional practice of MNT and DSME&S in obese patients 
with diabetes does not often result in clinically mean-
ingful weight loss. Unless health-care professionals 
have been trained in weight loss therapy and advocate 
this to patients as a key therapeutic strategy in its own 
right, it is unlikely that the patients will experience clin-
ically significant weight loss and maintenance of that 
weight loss.

 9.  A new reconfigured approach to lifestyle therapy is 
proposed for overweight/obese patients with diabetes, 
which emphasizes weight loss as a primary therapeutic 
strategy for prevention and treatment. This approach to 
lifestyle therapy incorporates evidence-based practices 
involving diet, physical activity, behavioral interven-
tions, and multidisciplinary care, with demonstrated 
effectiveness for weight loss.

10.  Nutritional therapy for the active phase of weight loss 
(~ first year) is accomplished using any one of several 
healthy meal plans and delivered as a very-low-calorie, 
low-calorie, or reduced-calorie diet.

11.  During the chronic phase of weight loss maintenance 
(years–decades), when patients are isocaloric, there is 
little information on the optimal macronutrient com-
position with regard to safety and clinical outcomes. 
Given the central role of insulin resistance in diabetes 
and CVD risk factors, the rational choice is to empha-
size nutrients shown to enhance insulin sensitivity in 
isocaloric substitution studies (MUFAs, fiber, whole 

grains, and “Mediterranean diet”) and to minimize or 
avoid foods that promote insulin resistance (saturated 
fat, trans fat, refined grains, and “Western diet”).

Case Report

A 48-year-old African American male with hypertension and 
T2D comes to you for care after his usual doctor retired. He 
was diagnosed with diabetes 7 years ago and is currently 
treated with metformin 2000 mg/day and glargine insulin 15 
units at bedtime. He was diagnosed to have hypertension 10 
years ago and is treated with atenolol 100 mg/day and hydro-
chlorothiazide 50 mg/day. He complains only of early morn-
ing headaches, fatigue, and forgetfulness on job, and his wife 
complains of his snoring.

Regarding lifestyle practices relevant to diabetes, he 
does not follow any particular diet and does not engage in 
voluntary exercise. He went through a 12-week program of 
diabetes education when he was diagnosed 7 years ago but 
otherwise has had no ongoing diabetes self-management 
education. He performs home glucose monitoring but only 
before breakfast several times a week, when values range be-
tween 120 and 180 mg/dL. He denies any episodes of hypo-
glycemia but was aware of symptoms that could result from 
hypoglycemia. He denies any past history of heart, kidney, or 
eye disease, although his last visit to an ophthalmologist was 
2 years ago. Questions regarding weight history revealed the 
he began to gain weight as a young adult in his 20s after 
beginning to work full time in construction first in laying 
concrete, then as lift operator, then foreman. He no longer 
had time for playing sports with friends. He has been taught 
the meal-exchange approach for diabetes and avoids sweets 
but has not participated in serious attempts at weight loss. 
He recognizes he is overweight since this “slows him down” 
on the job and work around the home, and he is interested in 
weight loss.

Social History The patient works as foreman for a construc-
tion company. He is married with two children in high school. 
He drinks a few beers on weekends while watching Alabama 
Crimson Tide football games (or reruns) and smokes one to 
two cigarettes per day when the demands of his job “get the 
best of him.” His father had T2D and renal failure requiring 
dialysis and passed away 2 years ago.

Physical Examination His BMI is 37 kg/m2, waist circum-
ference 46 in., and blood pressure 152/92 mmHg. His only 
other positive physical findings are 1/6 systolic flow murmur 
and S4 gallop, and acanthosis nigricans on posterior neck

Clinical Laboratory Findings Fasting glucose 162 mg/dL 
and A1C 8.2 %; lipid panel with triglycerides 170 mg/dL, 
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LDL cholesterol 101 mg/dL, and HDL cholesterol 48 mg/
dL; and serum creatinine 1.2 mg/dL and albumin/creatinine 
ratio 50 mg/mmol. ECG shows evidence of mild left ven-
tricular hypertrophy.

Impression and Plan On the basis of your evaluation you 
conclude that he is an obese patient with hypertension and 
T2D, both of which are not optimally controlled, and that his 
lifestyle practices and diabetes self-management education 
are less than optimal. You note that he has microalbuminuria 
suggestive of early diabetic nephropathy. In addition, the 
presence of left ventricular hypertrophy on ECG and pres-
ence of S4 gallop indicates that his hypertension is adversely 
affecting his heart.

Your initial therapeutic plan is as follows. For diet, you 
get the history that he enjoys fruits and vegetables, although 
his wife cooks greens with ham hocks. Based on these dietary 
preferences and hypertension, you select the DASH diet as a 
reasonable meal plan in collaboration with the patient. You 
refer the patient to a dietitian (RN, CDE) for education and 
implementation of the DASH diet with elimination of the 
ham hocks. The patient also occasionally takes a walk after 
dinner with his wife, and you ask him to do this routinely 
every evening (except Saturday during the college football 
season) and to record the time and distance for these walks. 
You ask the patient to check and record his fasting glucose 
each day, and to check a pre-supper glucose every other day. 
You elect to keep his diabetes medications unchanged until 
he returns to the office for examination of his home glucose 
monitoring log and to give him some time to incorporate the 
diet and physical activity plan. You add benazepril 20 mg/
day for hypertension and microalbuminuria. Because the 
review of systems suggested obstructive sleep apnea, you 
schedule the patient for a polysomnogram.

The patient returns to your office in 2 weeks. He has 
begun to walk each evening and, more recently, has added 
four more blocks to his normal route. He seems to like the 
DASH meal plan with the exception that he does not pre-
fer dairy products. His blood pressure is 150/90 mmHg. His 
home glucose measurements range between 120 and 165 mg/
dL in the morning and 140–190 mg/dL before supper. The 
polysomnogram returned with an Apnea–Hypopnea Index of 
35. You conclude that he will need intensification of therapy 
for T2D, hypertension, and now continuous positive airway 
pressure (CPAP) for sleep apnea. For diabetes, you consider 
options that include initiation of a GLP1 receptor agonist or 
increasing long acting insulin glargine by five units every 3 
days until fasting glucose is 100–130 mg/dL. For hyperten-
sion, you consider that he will need a higher dose of benaz-
epril and may likely require an additional drug in the future 
such as a calcium-channel blocker. Alternatively, you realize 
that weight loss therapy reducing 10 % body weight will im-

prove glycemic control, lower blood pressure, and improve 
the sleep apnea Apnea–Hypopnea Index.

You discuss these treatment options with the patient. The 
decision is to proceed with lifestyle therapy targeting a 10 % 
weight loss over the next 6 months. The lifestyle therapy 
plan includes:

1. You continue with the DASH diet as the healthy meal 
plan but advise the patient to emphasize fish as a protein 
source to substitute the dairy products he does not like. 
You discuss this with the dietitian and ask the dietitian to 
assure adequate calcium intake. For the caloric prescrip-
tion, you estimate his resting metabolic rate at 2200 kcal/
day based on the Harris–Benedict equation. You prescribe 
a 600 kcal deficit at 1600 kcal/day.

2. The physical activity plan is to continue evening walks 
and extending time and distance as tolerated, working to-
wards 30 min each evening and adopting a “power walk” 
approach. He was asked to record these exercise episodes 
(date, duration, and distance). To reduce sedentary behav-
ior, you suggest he walk around the worksites in his role 
as foremen instead of using a motorized golf cart.

3. You discontinue his evening dose of lantus but main-
tain the metformin, asking him to continue twice a day 
home glucose monitoring. You continue following the 
blood pressure on benazepril 20 mg/day and atenolol 
100 mg/day but reduce the dose of hydrochlorothiazide 
to 12.5 mg/day. You ask that his wife take note whether 
there are any changes in his symptoms attributable to 
sleep apnea.

References

1. Rodbard HW, Jellinger PS, Davidson JA, et al. Statement by an 
American Association of Clinical Endocrinologists/American Col-
lege of Endocrinology consensus panel on type 2 diabetes mellitus: 
an algorithm for glycemic control. Endocr Pract. 2009;15:540–59.

2. American Diabetes Association. Standards of medical care in diabe-
tes–2015. Diabetes Care. 2015;38 Suppl 1:S20–30.

3. TRIAD Study Group. Health systems, patients, factors, and quality 
of care for diabetes: a synthesis of findings from the TRIAD study. 
Diabetes Care. 2010;33:940–7.

4. Duncan I, Birkmeyer C, Coughlin S, Li QE, Sherr D, Boren 
S. Assessing the value of diabetes education. Diabetes Educ. 
2009;35:752–60.

5. Berikai P, Meyer PM, Kazlauskaite R, Savoy B, Kozik K, Fogel-
feld L. Gain in patients’ knowledge of diabetes management tar-
gets is associated with better glycemic control. Diabetes Care. 
2007;30:1587–9.

6. Marrero DG, Ard J, Delamater AM, et al. Twenty-first cen-
tury behavioral medicine: a context for empowering clinicians 
and patients with diabetes: a consensus report. Diabetes Care. 
2013;36:463–70.



240 W. T. Garvey and G. Arathuzik

 7. Norris SL, Lau J, Smith SJ, Schmid CH, Engelgau MM. Self-man-
agement education for adults with type 2 diabetes: a meta-analysis 
of the effect on glycemic control. Diabetes Care. 2002;25:1159–
71.

 8. Shah M, Kaselitz E, Heisler M. The role of community health 
workers in diabetes: update on current literature. Curr Diab Rep. 
2013;13:163–71.

 9. Haas L, Maryniuk M, Beck J, et al. National standards for diabetes 
self-management education and support. Diabetes Care. 2013;37 
Suppl 1:S144–53.

10. Garvey WT. New tools for weight-loss therapy enable a more 
robust medical model for obesity treatment: rationale for a compli-
cations-centric approach. Endocr Pract. 2013;19:864–74.

11. UK Prospective Diabetes Study. 7: response of fasting plasma glu-
cose to diet therapy in newly presenting type II diabetic patients, 
UKPDS Group. Metabolism. 1990;39:905–12.

12. Bosello O, Armellini F, Zamboni M, et al. The benefits of modest 
weight loss in type II diabetes. Int J Obes Relat Metab Disord. 
1997;21(Suppl 1):S10–3.

13. Norris SL, Zhang X, Avenell A, et al. Long-term non-pharmaco-
logical weight loss interventions for adults with type 2 diabetes. 
Cochrane Database Syst Rev. 2005;CD005270.

14. Henry RR, Chilton R, Garvey WT. New options for the treatment 
of obesity and type 2 diabetes mellitus (narrative review). J Diabe-
tes Complicat. 2013;27:508–18.

15. Garber AJ, Abrahamson MJ, Barzilay JI, et al. American associa-
tion of clinical endocrinologists’ comprehensive diabetes manage-
ment algorithm 2013 consensus statement—executive summary. 
Endocr Pract. 2013;19:536–57.

16. Ogden CL, Carroll MD, Kit BK, et al. Prevalence of child-
hood and adult obesity in the United States, 2011–2012. JAMA. 
2014;311:806–14.

17. Finkelstein EA, Trogdon JG, Cohen JW, et al. Annual medical 
spending attributable to obesity: payer-and-service-specific esti-
mates. Health Aff. 2009;28:w822–31.

18. Van Gaal LF, Mentens IL, De Block CE. Mechanisms linking obe-
sity with cardiovascular disease. Nature. 2006;444:875–80.

19. Guo F, Moellering DR, Garvey WT. The progression of cardiomet-
abolic disease: validation of a new cardiometabolic disease staging 
system applicable to obesity. Obesity. 2014;22:110–8.

20. Centers for Disease Control and Prevention editor. National dia-
betes statistics report: estimates of diabetes and its burden in the 
United States, 2014. Atlanta: US Department of Health and Human 
Services; 2014.

21. American Diabetes Association. Economic costs of diabetes in the 
US in 2012. Diabetes Care. 2013;36:1033–46.

22. American Diabetes Association. Standards of medical care in dia-
betes–2015. Diabetes Care. 2015;38(Suppl 1):S8–16.

23. Institute of Medicine editor. The role of nutrition in maintaining 
health in the nation’s elderly: evaluating coverage of nutrition 
services for the medicare population. Washington, DC: National 
Academies Press; 2000.

24. Evert AB, Boucher JL, Cypress M, et al. Nutrition therapy recom-
mendations for the management of adults with diabetes. Diabetes 
Care. 2013;36:3821–42.

25. American Diabetes Association. Standards of medical care in dia-
betes–2015. Diabetes Care. 2015;38(Suppl 1):S33–40.

26. American Diabetes Association. Standards of medical care in dia-
betes–2015. Diabetes Care. 2015;38(Suppl 1):S49–57.

27. Handelsman Y, et al. American association of clinical endocrinolo-
gists and american college of endocrinology—clinical practice 
guidelines for developing a diabetes mellitus comprehensive care 
plan—2015. Endocr Pract. 2015;21(0):1–87.

28. Franz MJ, Powers MA, Leontos C, et al. The evidence for medical 
nutrition therapy for type 1 and type 2 diabetes in adults. J Am Diet 
Assoc. 2010;110:1852–89.

29. Camelon KM, Hådell K, Jämsén PT, Ketonen KJ, Kohtamäki 
HM, Mäkimatilla S, Törmälä ML, Valve RH. The plate model: a 
visual method of teaching meal planning. DAIS Project Group. 
Diabetes atherosclerosis intervention study. J Am Diet Assoc. 
1998;98(10):1155–8.

30. U.S. Department of Health and Human Services and U.S. Depart-
ment of Agriculture. Dietary guidelines for Americans 2010. www.
health.gov/dietaryguidelines/.

31. Kirpitch A, Maryniuk M. The 3 R’s of glycemic index: recommen-
dations, research, and the real world. Clin Diabetes. 2011;29:155–
9.

32. Franz MJ. Diabetes mellitus nutrition therapy: beyond the glyce-
mic index. Arch Intern Med. 2012;172:1660–1.

33. Jenkins DJ, Kendall CW, Augustin LS, et al. Effect of legumes 
as part of a low glycemic index diet on glycemic control and car-
diovascular risk factors in type 2 diabetes mellitus: a randomized 
controlled trial. Arch Intern Med. 2012;172:1653–60.

34. Thomas DE, Elliott EJ. The use of low glycaemic diets in diabetes 
control. Br J Nutr. 2010;104:797–802.

35. Post RE, Mainous AG 3rd, King DE, Simpson KN. Dietary fiber 
for the treatment of type 2 diabetes mellitus: a meta-analysis. J Am 
Board Fam Med. 2012;25:16–23.

36. Palmer S Fill in the fiber gaps—dietitians offer practical strate-
gies to get clients to meet the daily requirements. Today’s Dietit. 
2012;14:40.

37. Riccardi G, Rivellese A, Pacioni D, Genovese S, Mastranzo P, 
Mancini M. Separate influence of dietary carbohydrate and fibre 
on the metabolic control in diabetes. Diabetologia. 1984;26:116–
21.

38. Chandalia M, Garg A, Lutjohann D, von Bergmann K, Grundy 
SM, Brinkley LJ. Beneficial effects of high dietary fiber 
intakes in patients with type 2 diabetes mellitus. N Engl J Med. 
2000;342:1392–8.

39. Hagander B, Asp N-G, Efendic S, Nilsson-Ehle P, Schersten B. 
Dietary Fiber decreases fasting blood glucose levels and plasma 
LDL concentration in noninsulin-dependent diabetes mellitus 
patients. Am J Clin Nutr. 1988;47:852–8.

40. Anderson JW, Zeigler JA, Deakins DA, Floore TL, Dillon DW, 
Wood CL, Oeltgen PR, Whitley RJ. Metabolic effects of high-car-
bohydrate high-fiber diets for insulin-dependent diabetic individu-
als. Am J Clin Nutr. 1991;54:936–43.

41. Institute of Medicine editor. Dietary reference intakes for energy, 
carbohydrate, fiber, fat, fatty acids, cholesterol, protein, and amino 
acids. Washington, DC: National Academies Press; 2002.

42. Brinkworth GD, Noakes M, Parker B, Foster P, Clifton PM. Long-
term effects of advice to consume a high-protein, low-fat diet, 
rather than a conventional weight-loss diet, in obese adults with 
type 2 diabetes: one-year follow-up of a randomized trial. Diabe-
tologia. 2004;47:1677–86.

43. Parker B, Noakes M, Luscombe N, Clifton P. Effect of a high-
protein, high-monounsaturated fat weight loss diet on glyce-
mic control and lipid levels in type 2 diabetes. Diabetes Care. 
2002;25:425–30.

44. Gannon MC, Nuttall FQ, Saeed A, Jordan K, Hoover H. An 
increase in dietary protein improves the blood glucose response in 
persons with type 2 diabetes. Am J Clin Nutr. 2003;78:734–41.

45. Pijls LT, de Vries H, van Eijk JT, Donker AJ. Protein restriction, 
glomerular filtration rate and albuminuria in patients with type 2 
diabetes: a randomized trial. Eur J Clin Nutr. 2002;56:1200–7.

46. Meloni C, Tatangelo P, Cipriani S, et al. Adequate protein dietary 
restriction in diabetic and non-diabetic patients with chronic renal 
failure. J Ren Nutr. 2004;14:208–13.

47. Hansen HP, Tauber-Lassen E, Jensen BR, Parving HH. Effect of 
dietary protein restriction on prognosis in patients with diabetic 
nephropathy. Kidney Int. 2002;62:220–8.

http://www.health.gov/dietaryguidelines/
http://www.health.gov/dietaryguidelines/


24122 Lifestyle Therapy for Diabetes Mellitus

48. Dussol B, Iovanna C, Raccah D, et al. A randomized trial of low-
protein diet in type 1 and in type 2 diabetes mellitus patients with 
incipient and overt nephropathy. J Ren Nutr. 2005;15:398–406.

49. Pan Y, Guo LL, Jin HM. Low-protein diet for diabetic nephropa-
thy: a meta-analysis of randomized controlled trials. Am J Clin 
Nutr. 2008;88:660–6.

50. Wheeler ML, Gibson RG, Fineberg SE, Hackward LL, Fineberg 
NS. Animal versus plant protein meals in individuals with type 2 
diabetes and microalbuminuria. Diabetes Care. 2002;25:1277–82.

51. Buse JB, Ginsberg HN, Barkis GL, Clark NG, Costa F, Eckel 
R, Fonseca V, Gerstein HC, Grundy S, Nesto RW, Pignone MP, 
Plutzky J, Porte D, Redberg R, Stitzel KF, Stone NJ. Primary pre-
vention of cardiovascular disease in people with diabetes mellitus: 
a scientific statement from the American Heart Association and the 
American Diabetes Association. Diabetes Care. 2007;30:162–72.

52. http://www.health.gov/dietaryguidelines/2015-scientific-report/
PDFs/Scientific-Report-of-the-2015-Dietary-Guidelines-Advi-
sory-Committee.pdf.

53. Brehm BJ, Lattin BL, Summer SS, et al. One-year comparison of 
a high-monounsaturated fat diet with a high-carbohydrate diet in 
type 2 diabetes. Diabetes Care. 2009;32:215–20.

54. Schwingshakl L, Strasser B, Hoffmann G. Effects of monounsatu-
rated fatty acids on glycaemic control in patients with abnormal 
glucose metabolism: a systematic review and meta-analysis. Ann 
Nutr Metab. 2011;58:290–6.

55. Itsiopoulos C, Brazionis L, Kaimakamis M, et al. Can the Mediter-
ranean diet lower A1C in type 2 diabetes? Results from a random-
ized cross-over study. Nutr Metab Cardiovasc Dis. 2011;21:740–7.

56. Estruch R, Ros E, Salas-Savado J, et al. PREDIMED Study Inves-
tigators. Primary prevention of cardiovascular disease with a Med-
iterranean diet. N Engl J Med. 2013;368:1279–90.

57. Elhayany A, Lustman A, Abel R, Attal-Singer J, Vinker S. A low 
carbohydrate Mediterranean diet improves cardiovascular risk fac-
tors and diabetes control among overweight patients with type 2 
diabetes mellitus: a 1-year prospective randomized intervention 
study. Diabetes Obes Metab. 2010;12:204–9.

58. Shai I, Schwarzfuchs D, Henkin Y, et al. Dietary intervention 
randomized controlled trial (DIRECT) group. Weight loss with a 
low-carbohydrate, Mediterranean, or low-fat diet. N Engl J Med. 
2009;359:229–41.

59. Wheeler ML, Dunbar SA, Jaacks LM, et al. Macronutrients, 
food groups, and eating patterns in the management of diabe-
tes. A systematic review of the literature, 2010. Diabetes Care. 
2012;35:434–45.

60. http://www.heart.org/HEARTORG/GettingHealthy/Nutrition-
Center/HealthyDietGoals/Sodium-Salt-or-Sodium-Chloride_
UCM_303290_Article.jsp.

61. Azadbakht L, Fard NR, Karimi M, et al. Effects of the dietary 
approaches to stop hypertension (DASH) eating plan on cardiovas-
cular risk among type 2 diabetic patients: a randomized cross-over 
clinical trial. Diabetes Care. 2011;34:55–7.

62. Suckling RJ, He FJ, Macgregor GA. Altered dietary salt intake for 
preventing and treating diabetic kidney disease. Cochrane Data-
base Syst Rev. 2010;12:CD006763.

63. Thomas MC, Moran J, Forsblom C, et al. FinnDiane Study Group. 
The association between dietary sodium intake, ESRD, and all-
cause mortality in patients with type 1 diabetes. Diabetes Care. 
2011;34:861–6.

64. Ekinci E, Clarke S, Thomas MC, et al. Dietary salt intake and 
mortality in patients with type 2 diabetes. Diabetes Care. 
2011;34:703–9.

65. Position of the American Dietetic Association. Use of nutritive and 
nonnutritive sweeteners. J Am Diet Assoc. 2004;104:255–75.

66. Cooper PL, Wahlquist ML, Simpson RW. Sucrose versus saccharin 
as an added sweetener in non-insulin dependent diabetes: short and 
medium-term metabolic effects. Diabetic Med. 1988;5:676–80.

67. Grotz VL, Henry RR, McGill JB, Prince MJ, Shamoon H, 
Trout JR, Pi-Sunyer FX. Lack of effect of sucralose on glucose 
homeostasis in subjects with type 2 diabetes. J Am Diet Assoc. 
2003;103:1607–12.

68. Gardner C, Wylie-Rosett J, Gidding SS, et al., American Heart 
Association Nutrition Committee of the Council on Nutrition, 
Physical Activity and Metabolism, Council on Arteriosclerosis, 
Thrombosis and Vascular Biology, Council on Cardiovascular 
Disease in the Young; American Diabetes Association. Nonnutri-
tive sweeteners: current use and health perspectives: a scientific 
statement from the American Heart Association and the American 
Diabetes Association. Diabetes Care. 2012;35:1798–808.

69. Richardson T, Weiss M, Thomas P, Kerr D. Day after the night 
before: influence of evening alcohol risk of hypoglycemia in 
patients with type 1 diabetes. Diabetes Care. 2005;28:1801–2.

70. Burge MR, Zeise TM, Sobhy TA, Rassam AG, Schade DS. Low-
dose ethanol predisposes elderly fasted patients with type 2 dia-
betes to sulfonylurea-induced low blood glucose. Diabetes Care. 
1999;22:2037–43.

71. Lowe J, Linjawi S, Mensch M, James K, Attia J. Flexible eating 
and flexible insulin dosing in patients with diabetes: results of 
an intensive self-management course. Diabetes Res Clin Pract. 
2008;80(3):439–43.

72. DANFE Study Group. Training in flexible, intensive insulin man-
agement to enable dietary freedom in people with type 1 diabetes: 
dose adjustment for normal eating (DAFNE) randomized con-
trolled trial. Brit Med J. 2002;325(7367):746.

73. American Association of Diabetes Educators. The art and science 
of diabetes self-management education desk reference, 2nd ed. 
Chicago: American Association of Diabetes Educators; 2011.

74. Steinsbekk A, Rygg LØ, Lisulo M, Rise MB, Fretheim A. Group 
based diabetes self-management education compared to routine 
treatment for people with type 2 diabetes mellitus. A systematic 
review with meta-analysis. BMC Health Serv Res. 2012;12:213.

75. Deakin TA, McShane CE, Cade JE, Williams R. Group based 
training for self-management strategies in people with type 2 dia-
betes mellitus. Cochrane Database Syst Rev. 2005;2:CD003417.

76. Guare JC, Wing RR, Grant A. Comparison of obese NIDDM and 
nondiabetic women: short- and long-term weight loss. Obes Res. 
1995;3:329–35.

77. Wing RR, Marcus MD, Epstein LH, et al. Type II diabetic subjects 
lose less weight than their overweight nondiabetic spouses. Diabe-
tes Care. 1987;10:563–6.

78. Wing RR, Lang W, Wadden TA, et al. The Look AHEAD Research 
Group. Benefits of modest weight loss in improving cardiovascular 
risk factors in overweight and obese individuals with type 2 diabe-
tes. Diabetes Care. 2011;34:1481–6.

79. Group TLAR, Wing RR. Long-term effects of a lifestyle interven-
tion on weight and cardiovascular risk factors in individuals with 
type 2 diabetes mellitus: four-year results of the Look AHEAD 
trial. Arch Intern Med. 2010;170:1566–75.

80. Belalcazar LM, Haffner SM, Lang W, et al. Lifestyle intervention 
and/or statins for the reduction of C-reactive protein in type 2 dia-
betes: from the look AHEAD study. Obesity. 2013;21:944–50.

81. Look AHEAD Research Group, Wing RR, Bolin P, Brancati FL, 
et al. Cardiovascular effects of intensive lifestyle intervention in 
type 2 diabetes. N Engl J Med. 2013;369:145–54.

82. Gregg EW, Chen H, Wagenknecht LE, et al. Look AHEAD 
Research Group. Association of an intensive lifestyle intervention 
with remission of type 2 diabetes. JAMA. 2012;308:2489–96.

83. Foster GD, Borradaile KE, Sanders MH, et al. Sleep AHEAD 
Research Group of the Look AHEAD Research Group. A random-
ized study on the effect of weight loss on obstructive sleep apnea 
among obese patients with type 2 diabetes: the Sleep AHEAD 
study. Arch Intern Med. 2009;169:1916–26.

http://www.health.gov/dietaryguidelines/2015-scientific-report/PDFs/Scientific-Report-of-the-2015-Dietary-Guidelines-Advisory-Committee.pdf
http://www.health.gov/dietaryguidelines/2015-scientific-report/PDFs/Scientific-Report-of-the-2015-Dietary-Guidelines-Advisory-Committee.pdf
http://www.health.gov/dietaryguidelines/2015-scientific-report/PDFs/Scientific-Report-of-the-2015-Dietary-Guidelines-Advisory-Committee.pdf
http://www.heart.org/HEARTORG/GettingHealthy/NutritionCenter/HealthyDietGoals/Sodium-Salt-or-Sodium-Chloride_UCM_303290_Article.jsp
http://www.heart.org/HEARTORG/GettingHealthy/NutritionCenter/HealthyDietGoals/Sodium-Salt-or-Sodium-Chloride_UCM_303290_Article.jsp
http://www.heart.org/HEARTORG/GettingHealthy/NutritionCenter/HealthyDietGoals/Sodium-Salt-or-Sodium-Chloride_UCM_303290_Article.jsp


242 W. T. Garvey and G. Arathuzik

 84. Hollander PA, Elbein SC, Hirsch IB, et al. Role of orlistat in the 
treatment of obese patients with type 2 diabetes. A 1-year random-
ized double-blind study. Diabetes Care. 1998;21:1288–94.

 85. Kelley DE, Bray GA, Pi-Sunyer FX, et al. Clinical efficacy of or-
listat therapy in overweight and obese patients with insulin-treat-
ed type 2 diabetes: a 1-year randomized controlled trial. Diabetes 
Care. 2002;25:1033–41.

 86. Garvey WT, Ryan DH, Bohannon NJ, et al. Weight-loss therapy in 
type 2 diabetes: effects of phentermine and topiramate extended-
release. Diabetes Care. 2014;37:3309–16.

 87. Gadde KM, Allison DB, Ryan DH, et al. Effects of low-dose, 
controlled-release, phentermine plus topiramate combination on 
weight and associated comorbidities in overweight and obese 
adults (CONQUER): a randomised, placebo-controlled, phase 3 
trial. Lancet. 2011;377:1341–52.

 88. O’Neil PM, Smith SR, Weissman NJ, et al. Randomized placebo-
controlled clinical trial of lorcaserin for weight loss in type 2 dia-
betes mellitus: the BLOOM-DM study. Obesity. 2012;20:1426–36.

 89. Hollander P, Gupta AK, Plodkowski R, et al. COR-Diabetes Study 
Group. Effects of naltrexone sustained-release/bupropion sus-
tained-release combination therapy on body weight and glycemic 
parameters in overweight and obese patients with type 2 diabetes. 
Diabetes Care. 2013;36:4022–9.

 90. Sjöström L, Peltonen M, Jacobson P, et al. Association of bar-
iatric surgery with long-term remission of type 2 diabetes and 
with microvascular and macrovascular complications. JAMA. 
2014;311:2297–304.

 91. Schauer PR, Bhatt DL, Kirwan JP, et al. STAMPEDE Investiga-
tors. Bariatric surgery versus intensive medical therapy for diabe-
tes—3-year outcomes. N Engl J Med. 2014;370:2002–13.

 92. O’Brien PE, Macdonald L, Anderson M, et al. Long-term out-
comes after bariatric surgery: fifteen-year follow-up of adjustable 
gastric banding and a systematic review of the bariatric surgical 
literature. Ann Surg. 2013;257:87–94.

 93. Adams TD, Davidson LE, Litwin SE, et al. Gastrointestinal sur-
gery: cardiovascular risk reduction and improved long-term sur-
vival in patients with obesity and diabetes. Curr Atheroscler Rep. 
2012;14:606–15.

 94. Garvey WT, Garber AJ, Mechanick JI, et al., On Behalf Of The 
AACE Obesity Scientific Committee. American association of 
clinical endocrinologists and American college of endocrinol-
ogy position statement on the 2014 advanced framework for 
a new diagnosis of obesity as a chronic disease. Endocr Pract. 
2014;20:977–89.

 95. Apovian CM, Aronne LJ, Bessesen DH, et al. Pharmacological 
management of obesity: an endocrine society clinical practice 
guideline. J Clin Endocrinol Metab. 2015;100:342–62.

 96. Mechanick JI, Youdim A, Jones DB, et al. Clinical practice guide-
lines for the perioperative nutritional, metabolic, and nonsurgical 
support of the bariatric surgery patient-2013 update: cosponsored 
by American association of clinical endocrinologists, the obesity 
society, and American society for metabolic & bariatric surgery. 
Endocr Pract. 2013;19:337–72.

 97. Barte JC, ter Bogt NC, Bogers RP, et al. Maintenance of weight 
loss after lifestyle interventions for overweight and obesity, a sys-
tematic review. Obes Rev. 2010;11:899–906.

 98. Gill RS, Birch DW, Shi X, et al. Sleeve gastrectomy and type 
2 diabetes mellitus: a systematic review. Surg Obes Relat Dis. 
2010;6:707–13.

 99. Turner-McGrievy GM, Barnard ND, Cohen J, Jenkins DJA, Gloe-
de L, Green AA. Changes in nutrient intake and dietary quality 
among participants with type 2 diabetes following a lowfat vegan 
diet or a conventional diabetes diet for 22 weeks. J Am Diet As-
soc. 2008;108:1636–45.

100. Stern L, Iqbal N, Seshadri P, et al. The effects of low-carbohy-
drate versus conventional weight loss diets in severely obese 

adults: one-year follow-up of a randomized trial. Ann Intern Med. 
2004;140:778–85.

101. Dansinger ML, Gleason JA, Griffith JL, Selker HP, Schaefer EJ. 
Comparison of the Atkins, Ornish, Weight Watchers, and Zone di-
ets for weight loss and heart disease risk reduction: a randomized 
trial. JAMA. 2005;293(1):43–53.

102. Weinsier RL, Wilson NP, Morgan SL, Cornwell AR, Craig CB. 
EatRight lose weight: seven simple steps. Birmingham: Oxmoor 
House; 1997.

103. Greene LF, Malpede CZ, Henson CS, Hubbert KA, Heimburger 
DC, Ard JD. Weight maintenance 2 years after participation in a 
weight loss program promoting low-energy density foods. Obe-
sity (Silver Spring). 2006;10:1795–801.

104. Pi-Sunyer FX. Glycemic index and disease. Am J Clin Nutr. 
2002;76:290S–298S.

105. Riccardi G, Rivellese AA. Effects of dietary fiber and carbohy-
drate on glucose and lipoprotein metabolism in diabetic patients. 
Diabetes Care. 1991;14:1115–25.

106. Kiens B, Richter EA. Types of carbohydrate in an ordinary diet 
affect insulin action and muscle substrates in humans. Am J Clin 
Nutr. 1996;63:47–53.

107. Ard JD, Cox TL, Zunker C, Wingo BC, Jefferson WK, Brakhage 
C. A study of a culturally enhanced EatRight dietary intervention 
in a predominately African American workplace. J Public Health 
Manage Pract. 2010;16(6):E1–8.

108. Harris JA, Benedict FG. A biometric study of basal metabolism 
in man. Washington, DC: Carnegie Institute of Washington; 1919. 
(publ. no. 279).

109. Mifflin MD, Jeor ST St, Hill LA, Scott BJ, Daugherty SA, Koh 
YO. A new predictive equation for resting energy expenditure in 
healthy individuals. Am J Clin Nutr. 1990;51:251–7.

110. Heymsfield SB, van Mierlo CA, van der Knaap HC, Heo M, Frier 
HI. Weight management using a meal replacement strategy: meta 
and pooling analysis from six studies. Int J Obes Relat Metab Dis-
ord. 2003;27:537–49.

111. Wadden TA, West DS, Neiberg RH, Wing RR, Ryan DH, John-
son KC, et al. One-year weight losses in the Look AHEAD 
study: factors associated with success. Obesity (Silver Spring). 
2009;17:713–22.

112. Finley CE, Barlow CE, Greenway FL, Rock CL, Rolls BJ, Blair 
SN. Retention rates and weight loss in a commercial weight loss 
program. Int J Obes (Lond). 2007;31:292–8.

113. Foster GD, Borradaile KE, Vander Veur SS, et al. The effects of 
a commercially available weight loss program among obese pa-
tients with type 2 diabetes: a randomized study. Postgrad Med. 
2009;121:113–8.

114. Ochner CN, Barrios DM, Lee CD, Pi-Sunyer FX. Biological 
mechanisms that promote weight regain following weight loss in 
obese humans. Physiol Behav. 2013;120:106–13.

115. Lara-Castro C, Garvey WT. Diet, insulin resistance, and obesity: 
zoning in on data for Atkins dieters living in South Beach. J Clin 
Endocrinol Metab. 2004;89:4197–205.

116. de Lorgeril M, Salen P, Martin JL, Monjaud I, Delaye J, Mamelle 
N. Mediterranean diet, traditional risk factors, and the rate of car-
diovascular complications after myocardial infarction: final report 
of the Lyon Diet Heart Study. Circulation. 1999;99(6):779–85.

117. Martinez-Gonzalez MA, Bes-Rastrollo M. Dietary patterns, Med-
iterranean diet, and cardiovascular disease. Curr Opin Lipidol. 
2014;25(1):20–6.

118. Boulé NG, Haddad E, Kenny GP, Wells GA, Sigal RJ. Effects 
of exercise on glycemic control and body mass in type 2 diabe-
tes mellitus: a meta-analysis of controlled clinical trials. JAMA. 
2001;286:1218–27.

119. Colberg SR, Riddell MC. Physical activity: regulation of glucose 
metabolism, clinical management strategies, and weight control. 
In: Peters AL, Laffel LM, editors. Type1 diabetes sourcebook. Al-
exandria: American Diabetes Association; 2013.



24322 Lifestyle Therapy for Diabetes Mellitus

120. Boulé NG, Kenny GP, Haddad E, Wells GA, Sigal RJ. Meta-
analysis of the effect of structured exercise training on cardio-
respiratory fitness in type 2 diabetes mellitus. Diabetologia. 
2003;46:1071–81.

121. Rejeski WJ, Ip EH, Bertoni AG, et al., LookAHEAD Research 
Group. Lifestyle change and mobility in obese adults with type 2 
diabetes. N Engl J Med. 2012;366:1209–17.

122. Sigal RJ, Kenny GP, Wasserman DH, Castaneda-Sceppa C. 
Physical activity/exercise and type 2 diabetes. Diabetes Care. 
2004;27:2518–39.

123. Church TS, Blair SN, Cocreham S, et al. Effects of aerobic and 
resistance training on hemoglobin A1c levels in patients with type 2 
diabetes: a randomized controlled trial. JAMA. 2010;304:2253–62.

124. Colberg SR, Sigal RJ, Fernhall B, et al. Exercise and type 2 dia-
betes: the American college of sports medicine and the American 
diabetes association: joint position statement executive summary. 
Diabetes Care. 2010;33:2692–6.

125. Haskell WL, Lee IM, Pate RR, Powell KE, Blair SN, Franklin BA, 
et al. Physical activity and public health: updated recommenda-
tion for adults from the American college of sports medicine and 
the American Heart Association. Circulation. 2007;116:1081–93.

126. Katzmarzyk PT, Church TS, Craig CL, Bouchard C. Sitting time 
and mortality from all causes, cardiovascular disease, and cancer. 
Med Sci Sports Exerc. 2009;41:998–1005.

127. Colberg SR. Exercise and diabetes: a clinician’s guide to prescrib-
ing physical activity, 1st ed. Alexandria: American Diabetes As-
sociation; 2013.

128. Lemaster JW, Reiber GE, Smith DG, Heagerty PJ, Wallace C. 
Daily weight-bearing activity does not increase the risk of dia-
betic foot ulcers. Med Sci Sports Exerc. 2003;35:1093–9.

129. Spallone V, Ziegler D, Freeman R, et al., Toronto Consensus Pan-
el on Diabetic Neuropathy. Cardiovascular autonomic neuropathy 
in diabetes: clinical impact, assessment, diagnosis, and manage-
ment. Diabetes Metab Res Rev. 2011;27:639–53.

130. Pop-Busui R, Evans GW, Gerstein HC, et al., Action to control 
cardiovascular risk in diabetes study group. Effects of cardiac au-
tonomic dysfunction on mortality risk in the Action to Control 
Cardiovascular Risk in Diabetes (ACCORD) trial. Diabetes Care. 
2010;33:1578–84.

131. Bax JJ, Young LH, Frye RL, Bonow RO, Steinberg HO, Barrett 
EJ. Screening for coronary artery disease in patients with diabe-
tes. Diabetes Care. 2007;30:2729–36.

132. Chu L, Hamilton J, Riddell MC. Clinical management of the 
physically active patient with type 1 diabetes. Phys Sports Med. 
2011;39:64–77.

133. Miles JM, Leiter L, Hollander P, et al. Effect of orlistat in over-
weight and obese patients with type 2 diabetes treated with met-
formin. Diabetes Care. 2002;25:1123–8.

134. Sjostrom L, Peltonen M, Jacobson P, Sjostrom CD, Karason K, 
Wedel H, et al. Bariatric surgery and long-term cardiovascular 
events. JAMA. 2012;307:56–65.



245

23Lifestyle Therapy in the Management 
of Cardiometabolic Risk: Diabetes 
Prevention, Hypertension, and 
Dyslipidemia

W. Timothy Garvey, Gillian Arathuzik, Gary D. Miller  
and Jamy Ard

© Springer International Publishing Switzerland 2016
J. I. Mechanick, R. F. Kushner (eds.), Lifestyle Medicine, DOI 10.1007/978-3-319-24687-1_23

W. T. Garvey ()
Department of Nutrition Sciences, University of Alabama at 
Birmingham, GRECC, Birmingham VA Medical Center, UAB

Diabetes Research Center, Birmingham, AL 35294-3360, USA
e-mail: garveyt@uab.edu

G. Arathuzik
Lahey Outpatient Center, Danvers, MA 01923, USA

Addison Gilbert Hospital, Gloucester, MA, USA

G. D. Miller
Department of Health and Exercise Science, Wake Forest University, 
Winston-Salem, NC 27106, USA

J. Ard
Department of Epidemiology and Prevention, Wake Forest University, 
Winston-Salem, NC, USA

Weight Management Center, Winston-Salem, NC 27157, USA

Abbreviations

AACE American Association of Clinical Endocrinologists
ACSM American College of Sports Medicine
ADA American Diabetes Association
AHA American Heart Association
BP Blood pressure
BMI Body Mass Index
CBC Complete blood count
CMDS Cardiometabolic Disease Staging
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LDL-C Low-density lipoprotein cholesterol

MetS Metabolic syndrome
PUFAs Polyunsaturated fatty acids
RD Registered dietitian
VLCD Very low-calorie diets
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Introduction

Cardiometabolic risk is a process that begins early in life 
with relative insulin resistance, progresses to the clinically 
identifiable states of prediabetes and metabolic syndrome 
(MetS), and culminates in type-2 diabetes (T2D), cardiovas-
cular disease (CVD) events, or both in single patients [1]. 
Furthermore, there is a common pathophysiological process 
responsible for both metabolic and vascular complications 
that glue together this disease spectrum. Clinical manifes-
tations of insulin resistance include abnormal glucose tol-
erance, increased blood pressure, and dyslipidemia [2–6]. 
The relationship between obesity and insulin resistance is 
complex; nevertheless, weight gain can exacerbate insulin 
resistance and impel cardiometabolic risk progression. This 
chapter will focus on the application of lifestyle therapy in 
the management of cardiometabolic risk prior to the onset 
of T2D. The principal interventional goals in patients with 
insulin resistance, prediabetes, and MetS are to prevent 
progression to T2D and to ameliorate the CVD risk profile, 
which includes improvement in hypertension and dyslipid-
emia. In short, lifestyle therapy is highly effective in achiev-
ing these goals.

Lifestyle therapy to manage cardiometabolic risk does 
not involve a universal standard prescription but rather is 
best implemented using an individualized, patient-cen-
tric approach in collaboration with a team of health-care 
professionals (HCP). In addition to general principles rel-
evant to all patients, lifestyle therapy is designed to achieve 
and sustain clinically meaningful weight loss as a primary 
objective in individuals who are overweight or obese. 
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Weight loss is highly effective in preventing progression to 
T2D, improving CVD risk factors, and treating hypertension 
and dyslipidemia [7–13]. Clinical algorithms and guidelines 
advocate diet and physical activity in prediabetes but are 
largely oriented to indications for glucose-lowering medi-
cations [14, 15]. In recent years, randomized clinical trials 
have not only demonstrated the efficacy of lifestyle therapy 
and the marked clinical benefits of weight loss but also those 
components and practices that are effective in producing and 
sustaining weight loss. Lifestyle therapy remains the corner-
stone of weight loss therapy, alone or in combination with 
weight loss medications or weight loss (bariatric) surgery. 
Recently approved weight loss medications and refinements 
in bariatric surgical techniques and patient management 
have enabled the development of more effective strategies 
and medical models for management of cardiometabolic risk 
[16]. For example, the complications-centric approach of the 
American Association of Clinical Endocrinologists (AACE) 
emphasizes that the presence and severity of weight-related 
complications including prediabetes and MetS—rather than 
body mass index (BMI) per se—should be the primary factor 
used in clinical decision-making regarding weight loss treat-
ment modality and intensity [17].

Therefore, a reconfigured approach to lifestyle therapy 
is proposed for patients with cardiometabolic risk, which 
emphasizes weight loss as a primary therapeutic strategy in 
patients who are overweight or obese. This approach to life-
style therapy incorporates evidence-based practices involv-
ing diet, physical activity, behavioral change, and multidisci-
plinary care but also incorporates an emphasis on enhancing 
insulin sensitivity and managing hypertension and dyslipid-
emia, as needed, to counteract the underlying pathophysiol-
ogy.

Cardiometabolic Risk and Prediabetes States

The increasing prevalence of T2D, together with its burden 
of patient suffering and social costs, underscores the impor-
tance of finding effective strategies for both treatment and 
prevention. Prediabetes and MetS are two clinical constructs 
that effectively identify individuals at high risk of future 
T2D [1]. Prediabetes encompasses those with increased 
glucose levels that are higher than the normal range but do 
not yet meet criteria for diabetes [18]. Prediabetes can be 
diagnosed on the basis of impaired fasting glucose (IFG), 
impaired glucose tolerance (IGT) defined by the 2-h level 
following as oral glucose challenge (i.e., post-oral glucose 
tolerance test, OGTT), or by an elevation in hemoglobin A1c 
(A1C) [18]. Additionally, prediabetes is part of the MetS, a 
condition defined by a cluster of risk factors mechanistically 
related to insulin resistance, including abdominal obesity, 
dyslipidemia, glucose intolerance, elevated blood pressure, 
and systemic inflammation [19].

T2D and prediabetes are not isolated entities; rather, they 
are manifestations of a pathophysiological process, with 
insulin resistance at its core, which is responsible for both 
metabolic and vascular disease [5, 20, 21]. Insulin sensitivity 
varies more than fivefold in healthy appearing individuals, 
and relative insulin resistance is a trait that is expressed early 
in life. Insulin-resistant individuals will tend to develop the 
MetS, which confers risk for both diabetes and CVD (e.g., 
myocardial infarction, stroke, and peripheral vascular dis-
ease) yielding a state of cardiometabolic risk. Hypertension 
and dyslipidemia are also integral manifestations of insulin 
resistance. Predisposition to insulin resistance and the pro-
gression of cardiometabolic risk factors to overt T2D and 
CVD events involves the convergence of genetic factors, 
behavior, and the environmental milieu, including poor diet 
and sedentary lifestyle. The pathophysiological process un-
derlying cardiometabolic risk involves the accumulation of 
intra-abdominal fat, dysregulated secretion of adipocyto-
kines, and systemic inflammation [22, 23]. These aspects of 
pathogenesis point to dysfunctional adipocytes which are in-
sulin resistant and exhibit a diminished ability to store lipid. 
This causes a redistribution of fat to the intra-abdominal 
compartment and the accumulation of lipid within muscle 
cells and hepatocytes, which further exacerbates insulin re-
sistance at the level of these organs and contributes to ab-
normal glucose tolerance. Generalized obesity can exacer-
bate insulin resistance by augmenting lipid accumulation in 
muscle, liver, and the visceral compartment and thus further 
impel progression of the cardiometabolic pathophysiologi-
cal process towards the end-stage manifestations of overt 
T2D and CVD [24, 25]. Obesity alone, however, is not a 
prerequisite nor a sufficient cardiometabolic risk factor since 
even lean individuals can be insulin resistant and individuals 
with obesity can be insulin sensitive with no manifestations 
of MetS [1]. Nevertheless, weight loss in overweight/obese 
individuals with insulin resistance and cardiometabolic risk 
represents highly effective therapy. These principles and the 
spectrum of cardiometabolic risk are illustrated in Fig. 23.1.

The most common diagnostic criteria for the MetS are 
those advocated by the Adult Treatment Panel III of the Na-
tional Cholesterol Program; other criteria have been estab-
lished by the International Diabetes Federation (IDF) and the 
World Health Organization (WHO), as shown in Table 23.1. 
One of the traits used to identify MetS is IFG; thus, patients 
can meet criteria for both MetS and prediabetes. Patients 
found to exhibit MetS traits together with prediabetes on the 
basis of IFG and/or IGT are at particularly high risk of future 
T2D and should therefore be targeted for aggressive lifestyle 
interventions and perhaps diabetes oral agents (e.g., metfor-
min), according to consensus statements by the American 
Diabetes Association (ADA) [14] and the AACE [15].

Insulin resistance is manifested by elevated fasting or 
postprandial insulin levels while glucose values remain nor-
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mal (not decreased) or elevated. However, highly accurate 
measures of insulin resistance, such as the hyperinsulinemic 
euglycemic clamp procedure, are rarely assessed outside of 

clinical research settings and are not commonly ascertained 
by primary care physicians. This presents a challenge for 
the identification of individuals who are insulin resistant in 
clinical practice and to assess the relative risk for progres-
sion to future diabetes. However, insulin resistance and risk 
of T2D can be clinically identified by evaluating patients for 
the MetS traits delineated in Table 23.1. The Cardiometa-
bolic Disease Staging (CMDS), illustrated in Fig. 23.2, was 
developed and validated as a tool to assist in the clinical 
stratification of individuals for diabetes risk [1]. Using infor-
mation readily available to the clinician, the CMDS system 
can be used to identify patients at greatest risk for future T2D 
and CVD who may benefit from more aggressive weight loss 
therapy [1]. The prevalence of overweight and obesity ap-
proximates 70 % of the population in the USA, and not all 
patients with obesity are insulin resistant with cardiometa-
bolic risk. The presence of overweight or obesity in subjects 
with no MetS risk factors (termed the “metabolically healthy 
obese”) has been well documented; these individuals exhibit 
lower rates of future diabetes, CVD events, and mortality [1, 
26–29].

The diagnostic criteria [18] for prediabetes and T2D are 
shown in Table 23.2. These diagnoses have traditionally 
involved glucose determinations under fasting conditions, 
during OGTT, or random measurements. However, a crite-
rion for the diagnostic use of HbA1C has been added, pri-
marily to identify patients who have diabetes on the basis 
of elevated 2-h OGTT glucose levels who may have gone 
undiagnosed due to the failure of health-care professionals to 
perform OGTTs on a more widespread basis. The diagnosis 
of T2D is based on measurements of blood glucose at levels 
of hyperglycemia that have been shown to place patients at 
risk for vascular complications. The diagnostic criteria for 
prediabetes are generally considered to be above normal 

Table 23.1  Diagnostic criteria for metabolic syndrome
Risk factor/trait ATP III criteria Any three out of the 

five risk factors
IDF criteria Abnormal waist + two risk 
factors

WHO criteria IFG or IGT + two risk 
factors

Waist 
circumference

 ≥ 40 in (102 cm) in males
 ≥ 35 in (85 cm) in females

Region specific, e.g., ≥ 90 cm in males 
and ≥ 80 cm in females among South 
Asians

BMI > 30
Waist/hip >0.90 cm men and > 0.85 cm 
women

 Fasting 
triglycerides

≥ 150 mg/dL (> 1.7 m mol/L) ≥ 150 mg/dL (> 1.7 m mol/L) ≥ 150 mg/dL (> 1.7 m mol/L)

HDL cholesterol < 40 mg/dL in males (< 1.04 m mol/L);
 < 50 mg/dL in females 
(< 1.29 m mol/L)

< 40 mg/dL in males (< 1.04 m mol/L);
< 50 mg/dL in females (< 1.29 m mol/L)

< 35 mg/dL in males (< 0.9 m mol/L);
< 39 mg/dL in females ( < 1.0 m mol/L)

Blood pressure Systolic ≥ 130 and/or 
diastolic ≥ 85 mmHg
and/or use of medication for 
hypertension

Systolic ≥ 130 and/or 
diastolic ≥ 85 mmHg
and/or use of medication for 
hypertension

Systolic ≥ 140 and/or 
diastolic ≥ 90 mmHg
and/or use of medication for 
hypertension

Fasting glucose  ≥ 100 mg/dL (5.6 m mol/L) and/or use 
of medication for hyperglycemia

 ≥ 100 mg/dL (5.6 m mol/L) and/or use 
of medication for hyperglycemia

IFG: fasting ≥ 100 mg/dL 
(5.6 m mol/L) and/or IGT: 2-h 
140–199 mg/dL (7.8–11.0 m mol/L)

Microalbuminuria ≥ 20 µg/min
≥ 30 mg/g creatinine

ATP III Adult Treatment Panel III, IDF International Diabetes Federation, WHO World Health Organization, BMI Body Mass Index, IFG impaired 
fasting glucose, IGT Impaired glucose tolerance, HDL High-density lipoprotein

Fig. 23.1  The pathophysiology of cardiometabolic risk. Insulin resis-
tance represents the initial lesion beginning early in life. This includes 
insulin resistance in adipocytes and defective capability for lipid stor-
age, with accumulation of lipid in muscle and liver cells and in the 
intra-abdominal depot. There is the eventual transition to the clinically 
identifiable high-risk states of prediabetes and metabolic syndrome. 
Hypertension and dyslipidemia are common, and these individuals are 
then at high risk for developing type-2 diabetes, cardiovascular disease 
events, or both. Thus, the operant pathophysiological mechanisms give 
rise to both metabolic and vascular disease components. Generalized 
obesity is neither necessary nor sufficient as a cause for cardiometabol-
ic disease since lean individuals can be afflicted and obese individuals 
can be insulin sensitive. Nevertheless, obesity can exacerbate insulin 
resistance and impel disease progression, and weight loss therapy rep-
resents highly effective treatment for both the prevention of diabetes 
and cardiovascular risk factor reduction
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but not high enough to qualify for T2D. Even at this level 
of hyperglycemia, some patients with prediabetes develop 
microvascular disease complications, such as background 
retinopathy and neuropathy [30, 31]. The use of HbA1C to 
diagnose prediabetes is problematic since it has acceptable 
specificity but low sensitivity based on fasting and 2-h glu-
cose [32]. Furthermore, the proportion of prediabetes due to 
IGT rises as a function of age and the sole use of HbA1C will 
fail to identify many patients [33]. Thus, normal HbA1C val-
ues will not effectively exclude prediabetes, and direct mea-
surements of fasting and 2-h glucose should be considered in 
high-risk individuals.

Lifestyle Therapy: Treatment Goals

Lifestyle therapy can be used to effectively achieve treat-
ment goals in patients with cardiometabolic risk. As shown in 
Table 23.3, a principal goal for patients with manifestations 
of insulin resistance and high cardiometabolic risk (i.e., pre-
diabetes and MetS) is to prevent progression to overt T2D. 
Lifestyle therapy is highly effective for this purpose, and 
this is critically important given the rising rates of diabe-
tes and associated morbidity, mortality, and social costs. In 
the Diabetes Prevention Program, it was evident that even 
individuals with prediabetes can develop microvascular 
complications, including 10 % with retinopathy and 5–10 % 
with neuropathy [30, 31]. Therefore, another treatment goal 
in prediabetes is to normalize glycemia in order to prevent 
microvascular complications. Lifestyle therapy can also be 
used to treat hypertension and dyslipidemia, thus improving 
the cardiovascular risk profile and increase functionality and 
quality of life.

Benefits of Lifestyle Therapy and Weight Loss 
in Patients with Cardiometabolic Risk

Lifestyle therapy improves clinical outcomes in both lean 
and overweight/obese patients with cardiometabolic risk. In 
lean individuals, physical activity and a healthy meal plan 
with appropriate macronutrient composition can be used to 
achieve treatment goals. In patients who are overweight or 
obese, optimal lifestyle therapy should be designed to pro-
mote clinically meaningful weight loss and maintain that 
weight loss over time. Unless HCP have been trained in 
weight loss therapy and advocate this to patients as a key 
therapeutic strategy in its own right, it is unlikely that the pa-
tients will experience clinically significant weight loss. Over 
the past decade, research has identified effective lifestyle in-
terventions that greatly augment both treatment options and 
therapeutic efficacy for weight loss.

Prevention of T2D

In patients who are overweight or obese, weight loss is highly 
effective in preventing or delaying progression to T2D, par-

Fig. 23.2  Cardiometabolic Disease Staging (CMDS) quantitatively 
stratifies risk for future type-2 diabetes using available clinical infor-
mation. The system can be used to guide aggressiveness of weight 
loss therapy and optimize benefit/risk ratio for interventions. HDL-C 
high-density lipoprotein cholesterol, IFG impaired fasting glucose, IGT 
Impaired glucose tolerance. (Data were generated from the CARDIA 
Study cohort. From [1])

 

Table 23.2  American Diabetes Association (ADA) diagnostic criteria for categories of glucose tolerance [18]
Fasting glucose 2-h glucose during OGTT HbA1C (%) Random glucose

Diabetes  ≥ 126 mg/dL (7.0 m mol/L)  ≥ 200 mg/dL (11.1 m mol/L)  ≥ 6.5  ≥ 200 mg/dL (11.1 m mol/L) 
with symptoms

Prediabetes Impaired fasting glucose (IFG) 
100–125 mg/dL (5.6–6.9 m mol/L)

Impaired glucose tolerance (IGT) 
140–199 mg/dL (7.8–11.0 m mol/L)

5.7–6.4

Normoglycemic  < 100 mg/dL (5.6 m mol/L)  < 140 mg/dL (7.8 m mol/L)  < 5.7
OGTT oral glucose tolerance test, HbA1C hemoglobin A1c
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ticularly in high-risk patients with prediabetes [7–9] or MetS 
[12, 34, 35]. A risk-staging system, such as CMDS shown 
in Fig. 23.2, can be used to identify patients at greatest risk 
for future T2D and CVD in order to target more aggressive 
weight loss therapy to those individuals who will receive the 
greatest benefit [1]. Three major randomized clinical trials, 
the Diabetes Prevention Program [9, 10, 36], the Finnish 
Diabetes Study [8, 11, 37], and the Da Qing Study [7, 38], all 
demonstrated the impressive efficacy of lifestyle/behavioral 
therapy to prevent T2D. At the same time, weight loss also 
ameliorated insulin sensitivity and reduced CVD risk fac-
tors, including improvements in blood pressure, lipids, and 
markers of inflammation. In these studies, lifestyle modifi-
cations generally involved reductions in caloric intake (by 
500–1000 cal/day), behavioral interventions, and increases 
in physical activity. The Diabetes Prevention Program study 
randomized subjects with IGT to control, metformin, and 
lifestyle intervention subgroups, and after 4 years, lifestyle 
modification reduced progression to T2D by 58 % and met-
formin by 31 %, compared with placebo. Subjects achieved 
approximately 6 % mean weight loss at 2 years and 4 % 
weight loss at 4 years in the lifestyle intervention arm, and in 
post hoc analysis, a progressive 16 % reduction in T2D risk 
was seen with every kilogram of weight loss [9, 10]. With 
observational follow-up after termination of the study, there 
was still a significant reduction in the cumulative incidence 
of T2D in the lifestyle treatment group at 10 years, despite 
the fact that BMI levels had equalized among the three treat-
ment arms [36]. In addition to the reductions in T2D, there 
was also evidence in the Da Qing Study that CVD events and 
mortality were reduced after 23 years when comparing the 
combined subgroups treated with diet and exercise with the 
control subgroups [38].

Weight loss through lifestyle changes alone can be diffi-
cult to maintain [39]. Therefore, interventions such as phar-
macotherapy or surgery, employed as an adjunct to lifestyle 
therapy, may be necessary in some patients and have also 
been shown to be highly effective in preventing or delaying 
progression to T2D. When used in combination with lifestyle 
therapy, orlistat [13] and phentermine/topiramate extended 
release (ER) [12, 40] produced greater weight loss and more 
profound reductions in incident diabetes when compared 
with lifestyle alone. Furthermore, treatment with lifestyle 

therapy plus phentermine/topiramate ER achieved 12.1 % 
weight loss after 2 years (compared with 2.5 % weight loss in 
lifestyle alone) as well as a 79 % reduction in the annualized 
T2D incidence rate in patients with MetS or prediabetes at 
baseline [12]. Rates of incident diabetes were reduced in pa-
tients treated with a variety of bariatric surgical procedures 
[41–46], which vary in their efficacy for weight loss. When 
the clinical decision is made to employ weight loss medica-
tions or bariatric surgery, lifestyle therapy remains a critical 
component of therapy for achieving and maintaining greater 
degrees of weight loss and for optimizing outcomes.

While lifestyle interventions, pharmacotherapy, and bar-
iatric surgery can all produce weight loss sufficient to pre-
vent progression to T2D, it is important to consider how 
much weight loss is needed for maximal efficacy in this re-
gard. The ability to prevent T2D has been shown to be de-
pendent on the magnitude of weight loss; however, is there a 
threshold for the degree of weight loss above which there is 
no additional benefit? In the Diabetes Prevention Program, 
maximal prevention of diabetes was observed at about 10 % 
weight loss [9, 10]. This is consistent with the study employ-
ing phentermine/topiramate ER where weight loss of 10 % 
reduced incident diabetes by 79 % and any further weight 
loss to ≥ 15 % did not lead to additional prevention [12]. The 
bariatric surgery studies produced greater weight loss than 
observed following lifestyle and pharmacotherapy interven-
tions, yet, in two studies, there was a maximum of 76–80 % 
reduction in diabetes rates [44, 46] similar to that observed 
in the phentermine/topiramate ER intervention despite the 
lesser weight loss. These combined data suggest that 10 % 
weight loss will reduce the risk of future T2D by ~ 80 % and 
represent a threshold above which further weight loss will 
not result in additional preventive benefits. This suggests 
that there is residual risk for T2D that cannot be eliminated 
by lifestyle therapy or weight loss. T2D is a heterogeneous 
disease, and some individuals may have a heavy burden of 
gene–environment interactions that lead inexorably to T2D 
regardless of weight loss. Lean individuals who are insulin 
resistant also develop T2D at an increased rate and are not 
candidates for weight loss. In any event, in high-risk patients 
with prediabetes and/or MetS, who are overweight or obese, 
a therapeutic plan producing 10 % weight loss is recom-
mended.

Management of Hypertension

Lifestyle therapy for hypertension primarily involves weight 
loss, reductions in dietary sodium, and exercise.

Sodium
Epidemiologic studies have suggested that populations with 
reduced sodium intake have lower blood pressures on aver-
age and generally tend to have less increase in blood pressure 

Table 23.3  Treatment goals in patients with cardiometabolic risk 
(insulin resistance, metabolic syndrome, and prediabetes)
1. Prevent progression to T2D
2.  Control glycemia to prevent microvascular complications in 

prediabetes
3. Prevent CVD events by improving risk factors and treatment of

a. Dyslipidemia
b. Hypertension/prehypertension

4. Improve functionality and quality of life
T2D type-2 diabetes, CVD cardiovascular disease
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with age [47]. These populations are typically found in rural 
or less developed countries where much of the food supply is 
unprocessed. In most developed nations, a large percentage 
of dietary sodium is obtained from processed foods; in the 
USA, more than three fourths of dietary sodium intake is 
from processed foods [48]. The current Dietary Guidelines 
for Americans (DGA) suggest limiting sodium intake to less 
than 2300/day, or about one teaspoonful of salt [49]. Further-
more, these guidelines advocate that some groups of people, 
including adults 51 years and older, all African-Americans, 
and those with T2D, hypertension, or chronic kidney dis-
ease, limit their sodium intake to 1500 mg/day. These groups 
add up to about half of the US population and the majority of 
adults. With mean sodium intake estimated to be more than 
3500 mg/day for the US population, it is not surprising that 
32.6 % of the population is estimated to have hypertension 
[50].

Because of the ubiquity of sodium in the diet and the ob-
served relationship between sodium and blood pressure, re-
duction of dietary sodium intake has been widely promoted 
as one of the primary strategies to lower blood pressure and 
prevent hypertension [48]. The efficacy of sodium reduc-
tion for lowering blood pressure has been demonstrated in 
several well-controlled trials. One such example was the 
Dietary Approaches to Stop Hypertension diet (DASH)-
Sodium trial that included feeding study participants fixed 
diets for 30-day periods at varying levels of sodium intake 
[51]. When sodium intake was reduced from the highest 
level (142 m mol/d or 3337 mg) to the intermediate level 
(107 m mol/d or 2438 mg), blood pressure decreased by 
2.1/1.1 mmHg (systolic/diastolic) [52, 53]. Further reduction 
in blood pressure of 4.6/2.4 mmHg occurred when sodium 
was decreased to the lower level (65 m mol/d or 1495 mg). 
In total, reducing sodium intake from the highest level to the 
lower level decreased blood pressure by 6.7/3.5 mmHg.

However, challenges do exist in reducing dietary sodi-
um. Because of its presence in the food supply, many pa-
tients will have difficulty avoiding sodium without making 
major changes in the way they procure and prepare food. 
From a practical perspective, the lower level of sodium in 
the DASH-Sodium trial at approximately 1500 mg is equal 
to less than 3/4 teaspoon of salt—a relatively small amount 
of salt that many Americans consume in one meal. Many 
fast food sandwiches contain nearly two thirds of that total 
amount of sodium alone. Successful implementation of di-
etary sodium reduction typically calls for some proficiency 
at label reading to identify sodium content in packaged foods 
and limiting restaurant meals and convenience foods. Indi-
viduals must also be able to access alternatives for higher 
sodium products, such as no-salt added or low-sodium ver-
sions of breads, soups, canned vegetables, and sauces or 
condiments. One reasonable approach to recommending so-
dium reduction is based on the recent Lifestyle Recommen-

dations to Reduce Cardiovascular Risk: Report of the Life-
style Workgroup, 2013 [54]. This workgroup recommended 
advising patients with elevated blood pressure to consume 
no more than 2400 mg/day and that further blood pressure 
reduction can be achieved by lowering to 1500 mg/day. Even 
if achievement of these lower levels of sodium intake is out 
of reach for the individual, the workgroup recommends that 
blood pressure reduction can be expected if sodium intake is 
reduced by 1000 mg/day from the patient’s baseline intake 
level.

DASH Dietary Pattern
The DASH dietary pattern was originally developed for blood 
pressure reduction in 1999 [55]. This pattern consists of a 
diet rich in fruits, vegetables, and low-fat dairy foods while 
being low in fat content (saturated fat, total fat, and choles-
terol), red meat, sweets, and sugar-containing beverages. In 
the original DASH trial, study participants were provided 
the DASH dietary pattern in daily meals, and this resulted 
in an average blood pressure reduction of 5.5/3 mmHg at 8 
weeks. Individuals who were hypertensive at baseline and/or 
self-identified as African-American had greater blood pres-
sure responses to the dietary pattern. These improvements in 
blood pressure occurred without change in weight or sodium 
reduction; weight was held stable by adjusting calorie intake, 
and sodium was consistent with typical American intake at 
3000 mg/day.

While the DASH dietary pattern is effective alone as a 
strategy for blood pressure reduction, it can be easily com-
bined with other strategies to further enhance blood pressure 
reduction. For example, the DASH dietary pattern can be the 
basis of a calorie-restricted weight reduction diet. In the non-
randomized phase 1 portion of the Lifestyle Interventions 
and Independence for Elders (LIFE) study, all study partici-
pants were instructed to adopt the DASH dietary pattern with 
a 500-kcal restriction, along with increasing physical activity 
by more than 180 min per week over a 26-week period [56]. 
The mean weight loss in this trial was 6.3 kg with 60 % of 
the participants losing at least 4.5 kg. Similarly, the PRE-
MIER clinical trial, which utilized the DASH dietary pattern 
as part of a behavioral lifestyle intervention, had weight loss 
of ~ 5 kg over a 6-month period [57]. The DASH dietary 
pattern can also be combined with a reduced sodium intake, 
resulting in greater blood pressure reduction than either strat-
egy alone. In the DASH-Sodium trial, combining the DASH 
dietary pattern with 2400-mg sodium intake resulted in a 
blood pressure reduction of 7/4 mmHg; reducing sodium to 
1500 mg while consuming the DASH dietary pattern led to 
blood pressure reduction of 9/5 mmHg.

Potassium
In contrast to sodium, the content of potassium in foods di-
minishes with food processing. In most countries, the intake 
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of potassium is low because of frequent consumption of pro-
cessed foods in conjunction with a diet low in fresh fruits and 
vegetables. Even though the DGA recommend a potassium 
intake of 120 m mol/d (4700 mg) [49], the average intake in 
the USA is only around 65 m mol/d (2640 mg) [58]. Fruits 
and vegetables contribute about 20 % of total potassium in-
take in the typical American diet [58].

Several meta-analyses concluded that individuals with 
high potassium intake have lower blood pressure [59–61]. In 
one meta-analysis, the effect size for increased potassium in-
take approximated reductions of 3.5 mmHg for systolic and 
2 mmHg for diastolic blood pressure [62]. The blood-pres-
sure-lowering effect was greater for those with hypertension, 
with no effect found in individuals without hypertension. 
Aburto et al. [62] increased potassium intake to the level rec-
ommended in the DGA (up to 120 m mol/d; 4700 mg) and 
observed reductions in blood pressure of 7/4 mmHg. This 
amount of potassium intake was found to be optimal; con-
sumption above this level did not provide additional benefit 
[62]. While there are no reports of adverse events resulting 
from high potassium intake, caution must be exercised in 
people with renal impairment to avoid hyperkalemia [63].

Alcohol Intake
Alcohol has a known pressor effect and increases blood pres-
sure in a dose-dependent fashion [64]. Blood pressure begins 
to increase once consumption exceeds two drinks per day (a 
standard drink is defined as 14 g of ethanol: 12 oz of beer, 
5 oz of table wine, or 1.5 oz of distilled spirits) [65]. Previ-
ous studies have shown that intake of > 210 g of alcohol per 
week is an independent risk factor for incident hypertension 
[66]. As a corollary, a decrease in alcohol consumption re-
sults in lower blood pressure. In one study, when alcohol was 
decreased from 350 to 70 mL/week, there was a decrease 
in systolic blood pressure (BP) of 3.1 mmHg, independent 
of changes in weight that resulted from lower caloric intake 
[67]. In general, men should be counseled to consume ≤ 2 
drinks per day and women ≤ 1 drink per day to lower blood 
pressure [68]. At the same time, it is important to consider 
that alcohol consumption is associated with morbidity and 
mortality (motor vehicle accidents, absenteeism from work, 
disrupted family, etc.).

Weight Reduction
Elevated blood pressure is an established consequence of 
overweight and obesity. It is therefore not surprising that one 
of the associated benefits of weight reduction is lowering 
of blood pressure. A meta-analysis of eight studies includ-
ing more than 2100 participants who were randomized to 
either a weight-reducing diet or a control intervention dem-
onstrated that weight loss was consistently associated with 
blood pressure reductions [69]. Weight loss diets led to dec-
rements in blood pressure of 4.5/3.2 mmHg together with a 

4.0 kg decrease in body weight compared with the control 
groups after follow-up of 6–36 months. The results of this 
meta-analysis are consistent with earlier analyses suggesting 
that blood pressure decreased by 1.2/1.0 mmHg for every 
kilogram of weight lost [70]. Ultimately, a weight-reducing 
diet based on the DASH dietary pattern with a lower sodium 
intake and moderate or no alcohol intake is one of the most 
comprehensive strategies for producing non-pharmacologic 
blood pressure reduction. For the motivated patient, combin-
ing these strategies can lead to synergies of treatment and 
pleiotropic effects that are most effectively accomplished 
with lifestyle therapy techniques.

Physical Activity
Physical activity is a cornerstone of the treatment of hyper-
tension using lifestyle therapy. Many major health organi-
zations, including the American Heart Association (AHA), 
the American College of Cardiology, and the Centers for 
Disease Control, emphasize the importance of physical ac-
tivity training for lowering resting blood pressure in hyper-
tensive and prehypertensive individuals [71]. Aerobic-based 
activities, such as walking, cycling, and swimming, are pre-
scribed with the goal of achieving 30–60 min of continuous 
or intermittent aerobic exercise on most days of the week 
at 40–60 % of heart rate reserve or maximal oxygen uptake 
[72]. The guidelines from the American College of Sports 
Medicine (ACSM) also promote supplementing aerobic ex-
ercise with resistance training for 2–3 days a week with at 
least one set of 8–12 repetitions at 60–80 % of the one-repe-
tition maximum (1-RM) targeting the major muscle groups 
[72]. In examining data from more than 5000 individuals in 
a meta-analysis, endurance training reduced blood pressures 
in hypertensive individuals by 8.3/5.2 mmHg (systolic/dia-
stolic) [73]. The values were less for prehypertensive indi-
viduals at 4.2/1.7 mmHg. These conclusions are consistent 
with other studies testing similar physical activity interven-
tions [74]. Several studies also suggest that the rate of devel-
oping hypertension in prehypertensive individuals is reduced 
in individuals engaged in more physical activity leading to 
greater fitness [74–76].

The modalities and intensity of the physical activity pre-
scription should accommodate the personal preferences and 
capabilities of the patient, even though the ideal intensity of 
exercise will not be possible. Nevertheless, lower amounts of 
exercise can still be beneficial. Incorporating 10-min bouts 
of exercise at least three times a day for 5 days a week is also 
efficacious for blood pressure lowering [77]. This pattern of 
activity is associated with high adherence and is more prac-
tical in the normal daily routine of many individuals. Dy-
namic resistance exercise training also provides reductions 
in blood pressure, although the changes are smaller than with 
endurance exercise [78, 79]. Participating in walking groups 
also confers health benefits, including reducing blood pres-
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sures by 3.7/3.1 mmHg [80]. These studies demonstrate the 
benefits that can be achieved with less traditional exercise 
programs and importantly, in activities that have high adher-
ence rates.

Treatment of Dyslipidemia

The dyslipidemia associated with insulin resistance and car-
diometabolic risk is characterized by elevated triglyceride 
levels, as a result of an excess of large triglyceride-laden 
very low-density lipoprotein particles (VLDL), as well as 
decreased concentrations of high-density lipoprotein choles-
terol (HDL-C) [81]. Levels of low-density lipoprotein cho-
lesterol (LDL-C) may not be primarily affected; however, 
the cholesterol is packaged into smaller denser low-density 
lipoprotein (LDL) particles [81], which are more atherogenic 
[82–85]. High triglycerides and low HDL-C constitute two 
of the five diagnostic criteria for the MetS, which is associ-
ated with increased risk of CVD. While there is accumulat-
ing evidence that elevated triglycerides constitute a direct 
risk factor for CVD, it is uncertain whether the associations 
are due to indirect effects or links to other lipoprotein ab-
normalities and risk factors. This applies to the elevated 
concentrations of small dense LDL particles that confer in-
creased risk of CVD events independent of overall LDL-C 
levels [83–85]. High levels of LDL-C represent a major risk 
factor for CVD and can occur in patients with or without in-
sulin resistance and cardiometabolic risk. Therefore, LDL-C 
should be brought to recommended targets in all individuals, 
particularly in those patients with cardiometabolic risk who 
are at additional risk for CVD [86–88].

Expert panels and professional organizations have es-
tablished evidence-based treatment targets for lipids and 
lipoproteins based on prevention of CVD [86–88]. Life-

style therapy can effectively help achieve these therapeutic 
targets; however, the approaches to dietary therapy require 
modification based on etiology. Specifically, the macronu-
trient composition of the diet should be modified based on 
the degree of hypertriglyceridemia and whether the primary 
abnormality being treated is elevated LDL-C [87–89].

Dyslipidemia of Insulin Resistance
The dyslipidemia of insulin resistance is responsive to life-
style therapy including alterations in dietary macronutrient 
composition, weight loss in patients with overweight or 
obesity, physical activity, restriction of alcohol, and limited 
intake of sugars and refined carbohydrates. Healthy meal 
plans (Table 23.4) can be used effectively to treat dyslipid-
emia under energy-balanced conditions in patients who are 
normal weight, or in reduced calorie format for weight loss 
in patients who are overweight or obese. However, not all 
healthy meal patterns are appropriate for all patients with 
dyslipidemia. The dietary prescription will be different de-
pending on the degree of elevation in fasting serum triglyc-
eride [90], which reflects differences in pathophysiology as 
illustrated in Table 23.5.

Patients with Triglyceride Levels Below 500 mg/dL
Patients with triglyceride levels below 500 mg/dL have bor-
derline-high or high degree of hypertriglyceridemia. These 
triglyceride levels typically characterize patients with insulin 
resistance, cardiometabolic risk, MetS, and prediabetes and 
are largely due to excess production of large triglyceride-
enriched VLDL particles by the liver. Since carbohydrates 
can drive hepatic VLDL production, dietary carbohydrates, 
particularly sugars and refined carbohydrates, should be re-
duced and replaced with unsaturated fats and protein [54, 
91–95]. Alcohol can also stimulate VLDL production and all 
patients should restrict alcohol intake (≤ 1 drink per day). Tri-

Table 23.4  Healthy meal plans
Meal plan Characteristics Popular versions
Low carbohydrate Restricts carbohydrates, increases dietary fat and protein Atkin’s [118]
Low fat Restricts fat, increases carbohydrates and protein Ornish Diet [117, 118]
“Right” carbohydrate Low-glycemic index foods and meals; complex carbohydrates; avoid sugars; moderate 

restriction of fat
South Beach Diet, Zone Diet

Mediterranean Emphasizes vegetables, legumes, fresh fruit, olive oil, and moderate amounts of fish, 
poultry, and red wine

[97–99]

Volumetrics diet Low-calorie-dense foods with high water and fiber content; includes fruits, vegetables, 
soups, whole grains, low-fat dairy, beans, and lean meats

EatRight Diet [119–121]

Vegetarian Avoid meat; rely on legumes, low-fat dairy, eggs, whole grains, vegetables, and fruits [117, 122]
DASH diet Emphasizes fruits, vegetables, and low-fat dairy products; designed to lower blood 

pressure
[51, 53, 55]

Paleolithic diet Consume foods that mimic the diet of pre-agricultural, hunter–gather ancestors; high 
protein, low carbohydrate, high unsaturated fat

Raw food diet Includes foods that have not been cooked, processed, microwaved, or touched in any 
unnatural way; no portion limits

DASH Dietary Approaches to Stop Hypertension
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glyceride levels can be markedly elevated in some patients 
following alcohol ingestion, and these individuals should re-
frain from alcohol entirely if this pattern is established.

Regarding the selection of healthy meal plans, low-fat 
diets should be used cautiously and modified to severely 
limit simple sugars, refined carbohydrates, and any foods 
or meals that produce a substantial hyperglycemic response. 
Under energy-balanced or weight-stable conditions, pro-
gressive substitution of carbohydrates by fat will produce 
further reductions in triglycerides and increases in HDL-C 
in patients with fasting triglycerides < 500 mg/dL [96]. In 
particular, dietary intake of sugar, white flour products, fruit 
juices, and non-diet sodas can dramatically increase triglyc-
erides, while restricting simple carbohydrates and increasing 
dietary fiber can be important adjuncts that lower triglycer-
ides. On the other hand, low-carbohydrate diets should be 
modified to limit saturated fats and avoid trans-fat in favor 
of monounsaturated and polyunsaturated fat. Mediterranean 
diets are well suited to accommodate an optimal macronutri-
ent composition [97–100], as can dietary prescriptions based 
on the DASH [55] and other meal plans, which are modified 
to limit refined carbohydrates and emphasize high fiber and 
unsaturated dietary fat.

Patients with Triglyceride Levels at 500 mg/dL or Higher
Patients with triglycerides ≥ 500 mg/dL have very high or se-
vere hypertriglyceridemia. In these patients, clearance mech-
anisms for triglyceride-enriched lipoproteins are saturated 
and chylomicronemia is likely or can be rapidly induced 
upon consumption of fatty meals. Abnormal clearance of tri-
glyceride-enriched lipoproteins can result from defective hy-
drolysis of triglycerides by lipoprotein lipase, abnormalities 
in hepatic uptake of chylomicron and VLDL remnants, or 
abnormalities in apolipoproteins regulating VLDL metabo-

lism (apoC-II, apoC-III, and apoE). These patients are at risk 
of pancreatitis when triglyceride levels approach 1000 mg/
dL and, at higher levels, can experience eruptive xanthoma 
and lipemia retinalis. These patients should be placed on a 
low-fat diet, less that 15–25 % of total calories, to reduce 
the release of new chylomicron particles from the gut into 
the circulation [101, 102]. Therefore, low-carbohydrate diets 
should generally be avoided since these diets cannot often 
accommodate the required reductions in dietary fat. Refined 
carbohydrates and simple sugars should also be avoided in 
such cases since these nutrients can accelerate hepatic pro-
duction of VLDL. Thus, the Mediterranean, DASH, low-fat, 
volumetric, and vegetarian healthy meal plans can serve as 
the basis for an optimal macronutrient composition.

Omega-3 polyunsaturated fatty acids (PUFAs), derived 
mainly from fatty fish and some plant products (flax seed), 
have a unique impact to decrease triglycerides. In large 
amounts (2–6g/day), these fatty acids can lower triglycer-
ides 40 % or more. These doses are difficult to achieve in 
the diet, and purified capsules are usually necessary. Fish 
that contain the highest levels of omega-3 fatty acids are sar-
dines, herring, and mackerel, and daily servings of 0.5–1 lb 
or more may be necessary to achieve intake levels required 
to predictably reduce triglycerides. In patients with very high 
or severe hypertriglyceridemia, it is imperative to keep tri-
glyceride levels below 500 mg/dL to minimize the risk of 
pancreatitis. In fact, lifestyle therapy will often need to be 
combined with triglyceride-lowering medications to achieve 
this biochemical target.

Patients with hypertriglyceridemia should be evaluated 
for secondary causes. These can include pregnancy, endo-
crine disorders (e.g., hypothyroidism and hypercortisolism), 
nephrotic syndrome, lipodystrophy, and drug-induced hy-
perlipidemia (e.g., estrogens, alcohol, thiazide diuretics, 

Table 23.5  Degrees of hypertriglyceridemia: mechanistic and therapeutic implications
NCEP ATP III criteria 
for severity of fasting 
hypertriglyceridemia [89]
Category Fasting triglyceride

mg/dL M mol/L Mechanisms Aspects of treatment
Normal < 150 < 1.7
Borderline high triglycerides 150–199 1.7–2.3 Can be indicative of insulin resistance and 

MetS; high production of VLDL
Reduce dietary sugars and refined 
carbohydrates

High triglycerides 200–499 2.3–5.6 Can be indicative of insulin resistance and 
MetS; high production of VLDL

Reduce dietary sugars and refined 
carbohydrates

Very high triglycerides  ≥ 500  ≥ 5.6 Likely that chylomicrons are contributory; 
saturation of clearance mechanisms

Reduce dietary fat; consider triglyceride-
lowering medications

Severe hypertriglyceridemia  ≥ 1000  ≥ 11.2 Risk of pancreatitis; possible genetic basis Reduce dietary fat; medications will likely 
be required to lower levels to < 500 mg/dL

Rule out secondary causes of hypertriglyceridemia: excess alcohol intake, untreated diabetes, renal impairment, liver disease, pregnancy, hypothy-
roidism, hypercortisolism, lipodystrophy, drug induced
Genetic causes include familial hypertriglyceridemia, familial combined hyperlipidemia, familial dysbetalipoproteinemia
MetS metabolic syndrome, VLDL very low-density lipoprotein, NCEP ATP III National Cholesterol Education Program Adult Treatment Panel III
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beta-blockers, bile acid sequestrants, antihuman immunode-
ficiency virus medications, antipsychotics, and antidepres-
sants). Patients with hypertriglyceridemia may have genetic 
defects in lipid metabolism (e.g., familial hypertriglyceride-
mia, familial combined hyperlipidemia, and dysbetalipopro-
teinemia).

Regardless of the degree of hypertriglyceridemia, weight 
loss is advocated for patients who are overweight or obese 
[94, 95]. The initial weight loss target should be 5–10 % of 
body weight. However, greater degrees of weight loss can 
achieve progressive improvements in dyslipidemia. Hence, 
weight loss programs should be intensified when initial ef-
forts do not achieve therapeutic targets. Healthy meal plans 
appropriate for patients with any degree of triglyceride el-
evation can be employed in a reduced calorie format. In the 
range of 5–10 % weight loss has been shown to amplify the 
benefits of changes in macronutrient composition with fur-
ther reductions in triglycerides, increments in HDL-C, and 
modest decreases in LDL-C in many studies [102, 103]. Fur-
thermore, there are beneficial effects of weight loss on LDL 
subclasses characterized by reductions in small dense LDL 
particle concentrations and an increase in medium and large 
LDL particles, coupled to a mean increase in LDL particle 
size and reductions in total LDL particle concentration [104–

108]. In a study by Richard et al. [109], a Mediterranean diet 
without weight loss lowered LDL-C, apoB-100, and the 
percentage of small dense LDL particle associated with an 
increase in the fractional clearance of LDL and VLDL; addi-
tionally, lipoprotein values were further improved when this 
Mediterranean diet was combined with weight loss. Thus, 
the effects of weight loss on dyslipidemia represent a very 
favorable profile regarding a reduction in CVD risk.

Exercise is an integral component of lifestyle therapy in-
dependent of weight loss. The exercise prescription should 
be sufficient to promote cardiometabolic health (Table 23.6). 
The toning of large muscles groups (abdomen, back, legs, 
and arms) and exercise-induced improvements in insulin 
sensitivity augment clearance of triglyceride-rich lipopro-
teins via induction of lipoprotein lipase and therefore lower 
triglycerides [110–113]. In addition, when used together 
with weight loss, exercise leads to substantial and dispropor-
tionate increments in HDL-C [106].

Elevated LDL
For LDL-C lowering, the AHA recommends reductions in 
saturated fat intake to < 7 % of calories and elimination of 
trans-fat together with a healthy meal plan that emphasizes 
whole grains, vegetables, fruits, poultry and fish, low-fat 

Table 23.6  The prescription for physical activity in patients with cardiometabolic disease
General principles
Provide the patient with an individualized prescription for increasing physical activity and decreasing sedentary behavior
Any physical activity is better than nothing. Many patients will not maintain the optimal prescription for physical activity (see below), so it is 
important to congratulate patients and encourage progress
Health-care team must exude positive and reenforcing attitude regarding importance of physical activity as a component of lifestyle therapy
An ideal physical activity program
Moderate or “conversational exercise”
Heart rate to 50–70 % maximum (maximum heart rate = 220—age in years)
150 min total per week, with exercise performed on 3–5 different days per week, and periods of non-exercise not exceeding 2 days
Maintain regular schedule over time
Resistance training 2–3 times per week if no contraindications consisting of 8–10 different single-set exercises that use the major muscle 
groups (arms, shoulders, chest, back, hips, and legs) with a load that permits 10–15 repetitions to a moderate level of fatigue
Reduce sedentary time such that sedentary periods do not exceed 90 min during waking hours
Individualizing the physical activity prescription
Establish an exercise schedule that starts slow and increases intensity as tolerated to minimize muscle soreness and avoid injury. Set realistic 
goals and schedules. The exercise prescription should accommodate any physical limitations of individual patients
The exercise prescription should accommodate the motivation, preferences, access, and life schedule of the individual patient
Consider cross-training prescriptions (walk, swim, bicycle, etc.) to add variety
Reduce sedentary behavior and incorporate more physical activity into daily lifestyle (household activities, gardening, using stairs instead of 
elevators, walk breaks at work, etc.)
Consider referral to an exercise professional or fitness center program for supervised exercise and periodic fitness testing
Behavioral strategies
Education regarding the benefits of exercise and how to proceed sensibly and safely
Exercise with others. The social reinforcement of others, either in a supervised setting or at home, may strengthen an exercise commitment
The physical activity program should consist of enjoyable activities or exercises to maintain motivation
Listening to music, reading, watching TV during exercise sessions may enhance compliance
Self-monitoring of physical activity; keep a chart to record exercise achievements and progress. Establish guidelines and a system for 
self-rewards
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dairy products, legumes, nuts, and nontropical vegetable 
oils with limited intake of red meats, sweets, and sugar-
sweetened beverages [54]. The latest DGA have withdrawn 
the previously recommended limits on cholesterol (i.e., 
< 300 mg/day) due to lack of evidence that consumption of 
dietary cholesterol can affect serum cholesterol [114]. Nev-
ertheless, it is prudent to avoid excessive cholesterol intake 
in patients with high LDL-C and CVD risk. These dietary 
recommendations can be adapted to meet personal and cul-
tural food preferences in the context of healthy meal plans 
such as the DASH, low-fat, Mediterranean, and vegetarian 
diets, among others. Moderate to vigorous physical activity 
occurring over 3–4 sessions per week and totaling at least 
150 min per week can also result in LDL-C lowering. In pa-
tients with overweight or obesity, weight loss of 5–15 % will 
lead to modest reductions in LDL-C; however, importantly, 
weight loss will also decrease the percentage of small dense 
LDL and overall LDL particle concentration [105–109]. Di-
etary adjuncts for cholesterol lowering include plant sterols 
and stanols (2–3 g/d), as well as viscous fibers (5–10 g/d). 
Dietary and other lifestyle recommendations should be re-
inforced in the context of a structured lifestyle intervention 
and referrals to a registered dietitian (RD) and exercise spe-
cialist are advisable for many patients. Given the proven 
cardioprotective effects of statin therapy, high-risk patients 
with MetS, prediabetes, hypertension, and/or dyslipidemia 
should be strongly considered for statin therapy in addition 
to lifestyle therapy, particularly if the LDL-C is ≥ 100 mg/dL 
[86–88]. The Jupiter study demonstrated reductions in CVD 
events in patients with elevated C-reactive protein, most of 
whom had MetS, with statin-induced lowering of LDL-C to 
below 70 mg/dL [115].

The dietary prescription can sometimes be a double-
edged sword when treating patients with mixed hypertriglyc-
eridemia (i.e., elevated triglycerides and LDL-C). When tri-
glycerides are markedly elevated (> 500 mg/dL), indicative 
of defective clearance of triglyceride-enriched lipoproteins, 
or when treating high LDL-C, the recommended low-fat diet 
will decrease the appearance of chylomicrons, circulating 
triglyceride concentrations, and LDL cholesterol. However, 
in the setting of stable weight and moderately elevated tri-
glycerides, a low-fat diet with a de facto greater proportion 
of carbohydrate calories will stimulate hepatic production 
of VLDL, thereby increasing triglycerides and decreasing 
HDL-C. Therefore, in mixed hyperlipidemia, diets primar-
ily designed to reduce LDL-C and chylomicrons can also 
increase triglycerides and decrease HDL-C. In such cases, 
the prescribed macronutrient composition may require a bal-
anced or intermediate approach. Furthermore, a diet empha-
sizing healthy fat (i.e., monounsaturated and polyunsaturat-
ed fat) can be beneficial since this can promote lowering of 
triglycerides and increasing of HDL-C, without increments 
or even modest decreases in LDL-C [97–100].

Lifestyle Therapy: An Approach Emphasizing 
Weight Loss

In considering the diet component of lifestyle therapy with 
an emphasis on weight loss, both the macronutrient com-
position of the diet and daily calories can be individualized 
to achieve weight loss and the overall goals delineated in 
Table 23.3. There is a relative wealth of data addressing diet 
during the initial active phase of weight loss. Most of these 
clinical trials are conducted over 1 year or less with a few 
studies lasting 2 years. During the initial phase of active 
weight loss, patients are hypocaloric. Over time, the weight 
equilibrates at a new lower level, and patients convert to a 
chronic phase consuming an energy-balanced diet in an ef-
fort to maintain weight loss. Furthermore, the chronic phase 
extends over most of the lifetime of the patient. Patients with 
cardiometabolic risk require lifelong therapy, and most of 
the time patients will be in energy balance while maintaining 
a reasonably stable body weight. This is true, of course, in 
patients with normal body weight, as well as in patients with 
overweight or obesity who are post weight loss. Unfortu-
nately, there is a dearth of rigorous data to guide diet during 
the chronic phase of weight loss maintenance, particularly 
with respect to clinical outcomes. Some of the best data to 
inform the chronic diet plan examine the effects of isoca-
loric substitution or enrichment of various macronutrients 
on insulin sensitivity and cardiometabolic risk factors [116]. 
Therefore, diets will be discussed in the context of both the 
initial phase of active weight loss (e.g., the first year) and the 
chronic phase of maintenance of weight loss over years to 
decades when patients are largely in energy balance.

Diet During the Initial Phase of Weight Loss (First 
Year)

Macronutrient Composition and Healthy Meal Plans
The notion that changes in macronutrient composition can be 
used to promote weight loss and enhance insulin sensitivity, 
independent of overall calorie ingestion, has received a great 
deal of attention in the popular press. Various low-carbohy-
drate (Atkin’s Diet), “right” carbohydrate (The Zone diet, 
the South Beach diet), and low-fat diets (Ornish Diet) have 
been promulgated by best-selling books and have gained 
devotees. There must exist a caloric deficit for weight loss 
to occur, and randomized trials do not show that any one of 
these diets is more effective than the other in promoting long-
term weight loss. Rather, success depends on the degree to 
which patients adhere with the meal plan based on personal 
and cultural food preferences [117]. Regarding treatment of 
insulin resistance and cardiometabolic risk, there are mul-
tiple healthy meal plans that can be delivered in a reduced 
calorie format while assuring adequate intake of required 
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nutrients as shown in Table 23.4. Healthy meal plans include 
low-carbohydrate, low-fat, Mediterranean, volumetrics (e.g., 
EatRight), low-glycemic index (GI), DASH, and vegetarian 
diets. Any of these meal plans can generally be employed 
in the initial weight loss phase and will often require the 
participation of a dietitian, and, in some patients, monitoring 
of electrolytes, blood pressure, fasting glucose, and lipids.

Of the diets with variable macronutrient composition, the 
question remains as to which is most effective in the initial 
phase of weight loss. All diets can safely be used to achieve 
weight loss. In randomized head-to-head comparison stud-
ies, after 1 year, differences in weight loss among individual 
diets with varying macronutrient composition are minimal 
[117]. As an example, in some studies, individuals with 
higher initial weights, randomized to a low-carb diet, had 
greater weight loss at 6 months, compared with low-fat or 
Mediterranean diets but similar weight loss at 1 year. What 
is clear is that the patients who lose the most weight are those 
who maintain adherence with the prescribed meal plan [117]. 
Therefore, personal and cultural food preferences should be 
discussed with each patient to guide an optimal and more 
personalized healthy meal plan for a durable effect. Macro-
nutrient composition can also be adjusted to include foods 
that match these personal and cultural preferences to assure 
adequate intake of required nutrients.

Low-Carb Versus Low-Fat Diets
Low-carbohydrate (low-carb) diets can also be termed high-
fat diets since it is impractical to make up the carbohydrate 
caloric deficit with dietary protein. Low-carb high-fat diets 
were first described by William Banting in 1863 and were 
used extensively prior to the discovery of insulin by Freder-
ick Allen and others to treat type 1 diabetes. Nevertheless, it 
is clear that low-carb diets can be used safely without nega-
tive effects and often with improvements in insulin sensitiv-
ity, glycemia, lipid status, blood pressure, and body weight. 
However, two considerations are important. First, relevant 
studies have generally not been extended passed 1 or 2 years 
such that we have little or no data on long-term outcomes. 
Second, these studies often ignore the composition of dietary 
fat, which can be clinically important.

Two landmark studies are illustrative regarding patient 
outcomes on a low-carb diet. Foster et al. [123] compared a 
low-carb “Atkins” diet against a conventional low-fat (25 % 
of calories) reduced-calorie diet in otherwise healthy obese 
subjects. The low-carb diet produced a greater weight loss 
than the low-fat diet after six months (6.7 versus 2.7 kg) but 
at 1 year the amount of weight loss was not significantly 
different between the two groups. Of note, about 40 % of the 
63 randomized subjects did not finish the study. Insulin sen-
sitivity was assessed using the quantitative insulin sensitivity 
check index based on fasting glucose and insulin concen-
trations; this showed an increase in insulin sensitivity at 6 

months but no change from baseline at 1 year in both dietary 
subgroups, with no significant differences between the sub-
groups. LDL-C and total cholesterol were lower at 3 months 
in the low-fat diet subgroup, while HDL-C was higher and 
triglycerides lower at 1 year in the high-fat diet subgroup. In 
the second study, Samaha et al. [124] compared the effects of 
a low-carb versus a low-fat (≤ 30 g/day) National Heart Lung 
and Blood Institute diet designed to create a caloric deficit 
of 500 kcal/day. Their subjects were severely obese (mean 
BMI 43 = kg/m2) and most were African-Americans, hyper-
tensive, and characterized by the presence of either T2D or 
the MetS. In this 6-month study, subjects on the low-carb 
diet lost more weight than those on the low-fat diet; howev-
er, the amount of weight loss was low and the drop-out rate 
was again very high, particularly in the low-carb group (47 
versus 33 % in the low-fat diet group), indicative of greater 
nonadherence. LDL-C and HDL-C were not affected by the 
diets although triglycerides were lowered in the high-fat diet 
group. The authors also emphasized that the low-carb diet 
led to greater improvements in insulin sensitivity than the 
low-fat diet group, but these effects were minimal and the 
authors again used a suboptimal index based on fasting glu-
cose and insulin levels as a measure of insulin sensitivity.

The studies by Foster et al. [123] and Samaha et al. [124] 
did not control for the types or composition of fat or carbo-
hydrates in the diets, which could have affected study end 
points. For example, Lovejoy et al. [125] used the clamp 
technique to show that a 3-week high-fat diet (50 % fat, 35 % 
carbohydrate, and 15 % protein) did induce relative insulin 
resistance compared with an isocaloric low-fat diet (20 % fat, 
55 % carbohydrate, and 15 % protein); however, this could 
be explained by a higher proportion of saturated fatty acids 
in the high-fat diet. As discussed below, variations in the 
types of fats in the low-carb diets (e.g., amount of mono-
unsaturated fatty acids, MUFAs) or types of carbohydrate 
in the low-fat diets (e.g., fiber, starch, and sugar), or other 
unknown factors, may have influenced study parameters and 
contributed to inconsistent results with respect to weight 
loss, insulin sensitivity, and lipid levels.

Some low-fat diets emphasize ad libitum intake of foods 
with low caloric density and with high fiber and water con-
tent [126]. This approach can also be used effectively to 
promote weight loss and benefit patients with cardiometa-
bolic risk. As discussed above, the DASH diet is relatively 
enriched in carbohydrates and reduced in fat. Another ex-
ample is the EatRight® program employed at the University 
of Alabama at Birmingham [119–121]. This program em-
phasizes the ingestion of large quantities of high bulk, low-
energy-density foods (primarily vegetables, fruits, high-fiber 
grains, and cereals) and moderation in high-energy-density 
foods (meats, cheeses, sugars, and fats). This approach pro-
duces equal satiety at reduced energy intake compared with 
a high-fat diet comprising energy-dense foods. EatRight par-
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ticipants loose an average of 6.3–8.2 kg by the end of the 
12-week program, and overall, 53 % of participants maintain 
their reduced weight or continue to lose weight 2 years later, 
while only 23 % regain all their lost weight [120].

Alterations in Dietary Carbohydrate and the GI
Dietary carbohydrate composition and distribution, as op-
posed to total dietary caloric content, can influence body 
weight and insulin sensitivity. The GI has been established 
to physiologically classify carbohydrates based on post-meal 
glycemic responses and is a measure of the degree to which 
a carbohydrate-containing food raises blood glucose in rela-
tionship to a reference food such as white bread or glucose. 
The South Beach and Zone diets advocate the “right kind” 
of carbohydrates characterized by a low GI. The originators 
of these diets purport that high GI responses are central to 
mechanisms promoting weight accretion; however, the data 
are equivocal as to whether high-GI diets promote weight 
gain [127]. Short-term studies indicate that consumption of 
high-GI carbohydrates has less of an effect to suppress ap-
petite and a diminished ability to induce satiation and satiety 
than foods with lower GI [128, 129]. However, long-term 
controlled clinical trials assessing effects of low- versus 
high- GI diets on body weight are lacking. Furthermore, be-
cause multiple dietary and physiological factors affect GI, its 
validity as a meaningful way to characterize food has been 
questioned and its implementation in nutritional recommen-
dations is problematic [130]. A recent evidence-based report 
from the WHO found that the only convincing dietary factor 
protecting against weight gain and obesity was a high dietary 
fiber intake [131]. Fiber has consistently been shown to im-
prove insulin sensitivity and lipid levels in studies compar-
ing low and high fiber intakes [132, 133]. Patients should be 
encouraged to consume 25–30 g fiber/day with an emphasis 
on soluble fiber (7–13 g) for improving cardiometabolic risk 
factors.

Meal Replacements
Meal replacements can be recommended for weight loss as 
an option that provides structure for reducing calorie con-
sumption [134]. These products can enhance adherence for 
many patients due to the known caloric content that elimi-
nates guesswork, provision of required nutrients, and con-
venience. Optimal products in prediabetes are characterized 
by high protein, fiber, complex carbohydrates or modified 
slowly digesting carbohydrates with no refined sugars, low 
saturated fat, limited sodium, and no trans-fat. Meal replace-
ments usually contain 175–250 kcal per serving and can be 
employed during the active phase of weight loss and during 
chronic weight loss maintenance. During active weight loss, 
meal replacements can be employed in very low-calorie diets 
(VLCD) or in low-calorie and reduced-calorie diets to com-
prise one or two meals/day with a third meal of portioned-

controlled food. Several studies have demonstrated greater 
weight loss with incorporation of meal replacements when 
compared with reduced-calorie diets of conventional foods 
or with programs using portion-controlled servings of con-
ventional foods or provision of detailed menus.

The Caloric Prescription and Desired Degree of 
Weight Loss

A caloric deficit is the essential component and a sine qua 
non of weight loss. During the active phase of weight loss, 
a reduced-calorie diet where the caloric deficit is ~ 500 cal/
day is generally recommended. However, the HCP can opt 
for greater degrees of caloric reduction, including VLCD 
defined by total daily calories of 800 or less. One strategy 
for developing a caloric prescription that will more predict-
ably achieve the desired amount of weight loss is to estimate 
the basal metabolic rate (kcal/day) using equations based 
on height, weight, gender, and age [135–138] or using an 
indirect calorimeter. The caloric deficit is subtracted from 
the resting metabolic rate to determine total daily calories 
and can be individualized to achieve the desired rate and ex-
tent of weight loss. In patients with cardiometabolic risk, the 
goals include the prevention of T2D and improvements in 
hypertension and dyslipidemia (Table 23.3). Most guidelines 
for obesity recommend weight loss of 5–10 % since this is 
sufficient to improve multiple weight-related complications. 
However, as discussed above, maximal prevention of T2D 
was observed at 10 % weight loss which reduced incident di-
abetes by ~ 80 %, regardless of whether this was achieved via 
lifestyle therapy [9, 10], weight loss medications [12, 13], 
or bariatric surgery [41–43]. In contrast, no thresholds for 
maximal benefits were observed with the progressive weight 
loss from 5 to > 15 % in lowering systolic and diastolic blood 
pressure, increasing HDL-C, and decreasing triglycerides in 
the LookAHEAD study [139]. For improvements in dyslip-
idemia and hypertension, therefore, greater weight loss pro-
vides for additional clinical benefits up to and beyond 15 % 
weight loss.

Diet During the Chronic Maintenance Phase of 
Weight Loss (Years to Decades)

A Healthy Meal Plan for the Long Term
After active weight loss, patients will need an energy-bal-
anced prescription to maintain the new lower body weight 
and avoid weight regain. This can be problematic since en-
ergy expenditure decreases following weight loss. There-
fore, resting energy equations based on height and weight 
will predictably overestimate the number of calories needed 
for weight stabilization. For this reason, it is wise to reduce 
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daily calories by 100 kcal/day below the calculated value 
and then to follow the patient making further reductions in 
the caloric prescription based on changes in body weight. 
Indirect calorimetry can be helpful at this stage to provide a 
more accurate estimate.

Following the active weight loss (~ 1 year), patients will 
equilibrate at a lower body weight, and it is incumbent upon 
the patient and health-care team to maintain the weight loss. 
At this point, the patient will essentially be in energy bal-
ance, and the macronutrient composition might have dif-
ferent effects in cardiometabolic risk and T2D than during 
hypocaloric feeding. Various healthy meal plans have been 
relatively well studied during the active phase of weight 
loss; however, unfortunately, little long-term data exist be-
yond 1 or 2 years on these diets. In particular, the effects on 
long-term clinical outcomes, such as the progression to T2D 
and CVD disease events, as well as the impact of the vari-
ous diets on cardiometabolic pathophysiology and disease 
biomarkers, are very important but largely unknown. The 
question regarding optimal diet is also relevant to normal-
weight patients with cardiometabolic risk who do not re-
quire weight loss.

If there is a lack of data addressing long-term outcomes, 
what evidence can be used to guide the dietary prescription? 
One consideration was highlighted in selecting the diet for 
active weight loss, namely, the diet that could best accom-
modate personal and cultural preferences resulting in greater 
rates of compliance. This remains an important consider-
ation during chronic weight maintenance. However, the sec-
ond consideration is a large body of data indicating that iso-
caloric substitution of macronutrients can influence insulin 
sensitivity and CVD risk factors [116]. Since insulin resis-
tance is key to the pathophysiology and progression of car-
diometabolic risk, it is reasonable to augment macronutrients 
that enhance insulin sensitivity and reduce macronutrients 
that promote insulin resistance, as summarized in Table 23.7.

Saturated Versus Polyunsaturated Fat
The composition of dietary fatty acids can modulate insulin 
sensitivity and CVD risk factors independent of total fat or 
total calorie intake [140, 141]. With respect to saturated fat, 

epidemiological studies show that high intake of total and 
saturated fat intake is associated with insulin resistance [141]. 
Multiple cross-sectional studies have similarly found that 
intake of both saturated and trans-fatty acids is associated 
with hyperinsulinemia and risk of T2D, independent of body 
adiposity [142, 143]. High intake of PUFAs does not appear 
to have the same adverse effects and may even result in an 
increase in insulin sensitivity [144]. For example, Summers 
et al. [145] studied the effect of substituting dietary saturated 
fat with PUFA on insulin sensitivity in healthy, obese subjects 
with T2D. Their findings demonstrated that an isocaloric diet 
enriched in PUFA resulted in both an increase in insulin sen-
sitivity and a lowering of LDL-C, when compared with a diet 
rich in saturated fatty acids. However, it was not possible in 
this study to conclude whether it was the increase in dietary 
PUFA or the decrease in saturated fat that produced the rela-
tive benefits in the PUFA diet subgroup. Diets enriched in 
PUFA have not consistently been shown to improve insulin 
sensitivity [146] and long-term intervention trials have not 
been conducted. Discrepancies in the short-term studies are 
often attributable to the failure to control for dietary fatty 
acid and carbohydrate composition (e.g., MUFA), total calo-
ries, physical activity, and population characteristics such as 
age, gender, and adiposity.

Omega-6 fatty acids and omega-3 fatty acids are the two 
important types of dietary PUFA. While evidence suggests 
that omega-3 fatty acids, namely eicosapentaenoic acid, 
docosahexaenoic acid, and α-linolenic acid, from fish or fish 
oil dietary supplements may help prevent CVD [147], the 
effects of omega-3 and omega-6 fatty acids on glucose ho-
meostasis are inconsistent [143, 144, 148]. However, while 
omega-3 fatty acids may not influence insulin sensitivity, 
doses of 2–6 g/day are effective in lowering circulating tri-
glyceride levels. People are encouraged to consume whole 
food sources of omega-3 fatty acids, specifically fatty fish 
at least twice a week. Fatty fish include salmon, mackerel, 
sardines, tuna, trout, and herring.

Monounsaturated Fatty Acids
Beneficial effects of a high-MUFA diet on glycemic control 
in T2D have been demonstrated in a meta-analysis of ran-
domized trials using isoenergetic high-MUFA diets [149]. 
These trials show that isocaloric substitution of MUFA for 
saturated fat [150], or even substituting MUFA for carbohy-
drates, can have positive effects on insulin sensitivity, lipids, 
and cardiometabolic health [151]. Accordingly, the ADA es-
sentially places no restrictions on dietary MUFAs within the 
limits of the caloric prescription in diabetes.

Fiber
On balance, available data suggest that dietary fiber, rather 
than carbohydrate quantity or dietary GI per se, is directly 
responsible for any effects of carbohydrates on insulin sen-
sitivity. In a randomized crossover study comparing isocalo-

Table 23.7  Isocaloric dietary substitution or enrichment: impact on 
insulin sensitivity
Summary of conclusions from published clinical trials
Favorable Unfavorable
MUFAs Saturated fat
PUFAs Trans-fat
Whole grains Refined grains
High fiber Low fiber
Low glycemic index High glycemic index
Mediterranean diet “Western diet”

MUFAs monounsaturated fatty acids, PUFAs polyunsaturated fatty 
acids



25923 Lifestyle Therapy in the Management of Cardiometabolic Risk: Diabetes Prevention, Hypertension, and Dyslipidemia

ric high- versus low-GI diets, there was no observed benefit 
of the low-GI diet on insulin sensitivity [152]. However, a 
low-GI diet with a greater amount of fiber and whole-grain 
products seemed to improve glycemic and insulin responses 
and lowered the risk of T2D [133], indicating that the fiber 
content in low-GI foods may play a metabolic role. In support 
of this contention, studies on the effects of dietary intake of 
fiber, particularly whole-grain foods, have been fairly consis-
tent in demonstrating an effect to enhance insulin sensitivity 
[153–155].Isocaloric substitution experiments indicate that 
diets enriched in MUFAs, PUFAs, whole grains, and high 
fiber result in an increase in insulin sensitivity and improve-
ments in lipids, while enrichment in saturated and trans-fats, 
refined grains, and reduced fiber promote insulin resistance 
and dyslipidemia (Table 23.7). These data are relevant in the 
selection of a healthy meal plan during isocaloric periods in 
patients with cardiometabolic risk. If a low-carbohydrate diet 
is to be used for chronic weight loss maintenance, it would 
be important to minimize saturated fat in favor of MUFA, 
and this can be challenging given the amount of total fat con-
sumed under energy-balanced conditions. Due to the limited 
number of foods highly enriched in MUFA (e.g., olive oil, 
avocados, and nuts), a concerted effort working with a dieti-
tian is recommended in order to maintain a high MUFA to 
saturated fat ratio (≥ 2:1) and at the same time assure a wide 
range of diet choices. Furthermore, lipid panels should be 
followed closely for changes in LDL-C, HDL-C, and triglyc-
erides since there is lack of data on the long-term effects of 
a low-carbohydrate diet under isocaloric conditions. On the 
other hand, low-fat diets, including volumetrics, vegetarian, 
and DASH diets, are relatively high in carbohydrates, which 
could have the effect of worsening glycemia in patients with 
prediabetes. Complex carbohydrates, high fiber intake, and 
low-GI meals should be emphasized.

Mediterranean Diets
One meal plan that can be effective in patients with car-
diometabolic risk is represented by the Mediterranean diet, 
characterized by a reliance on olive oil as a fat source, which 
contains the MUFA oleic acid as ~ 75 % of fatty acids. There 
are variations in the Mediterranean diet as consumed in vari-
ous regions and countries; however, they are discussed here 
in terms of commonalities relevant to cardiometabolic risk 
reduction. In addition to olive oil, these diets consistently 
feature a high intake of vegetables, legumes, nuts, and fruits; 
a low intake of saturated fat; low-to-moderate consumption 
of dairy products; low intake of meat and poultry and rela-
tively high intake of seafood; and regular consumption of 
red wine at meals in most Mediterranean cultures. This diet 
consists entirely of unprocessed foods and is rich in fiber, 
antioxidant polyphenols, vitamins and minerals, and phy-
tochemicals. Furthermore, Mediterranean diets have been 
shown to have favorable clinical effects in patients with car-

diometabolic risk and insulin resistance, including long-term 
outcome studies demonstrating prevention of T2D and pri-
mary and secondary prevention of CVD [97–99, 156–164]. 
Epidemiologically, Mediterranean diets have been known to 
be associated with reduced CVD and mortality when com-
pared with diets consumed in northern European countries. 
The Lyon Diet Heart Study is a clinical trial that assessed the 
efficacy of Mediterranean diets for the secondary prevention 
of CVD events. Patients who have had a previous myocar-
dial infarction were randomized to a Mediterranean diet or 
a diet typically consumed in northern countries, such as the 
UK [157, 158]. After 4 years follow-up, the Mediterranean 
diet group had reduced rates of re-infarction and mortality. 
Mediterranean diets have also been shown to prevent MetS 
and reduce rates of progression to T2D [160–164]. Thus, 
Mediterranean diets are a highly rationale choice as the di-
etary component of long-term lifestyle therapy in patients 
with cardiometabolic risk.

Physical Activity

Increased physical activity is an important component of 
lifestyle therapy in cardiometabolic risk. Regular exercise 
by itself [165, 166] or as part of a comprehensive lifestyle 
plan [7–11] can prevent progression to T2D in high-risk 
individuals. Structured exercise improves fitness, muscle 
strength, and insulin sensitivity [167–169]. In the context of 
an overall lifestyle intervention, regular exercise can con-
tribute to weight loss and prevention of weight regain, and 
improve CVD risk factors such as lipids and blood pressure 
[7–11]. Studies have demonstrated beneficial effects of both 
aerobic and resistance exercise and additive benefits when 
both forms of exercise are combined [170–172]. For car-
diometabolic conditioning, the guidelines proposed by the 
ADA, AHA, and the ACSM are well aligned [54, 173] and 
are summarized in Table 23.6. Lifestyle therapy should in-
clude increased physical activity even though the patient is 
unable to engage in optimal physical activity. For example, 
studies have consistently shown that a walking program is 
associated with reductions in diabetes incidence [174–176]. 
Elderly patients or persons with disabilities should try to ap-
proach levels of activity in the guidelines to the extent pos-
sible; however, even reduced activity regimens should be 
encouraged. Reductions in sedentary behavior can also be 
helpful (e.g., duration of sedentary periods lasting less than 
90 min and interrupted by periods of activity) [177]. Clearly, 
the HCP and the patient should together establish the exer-
cise prescription with the goal for long-term compliance. 
Screening for coronary artery disease should also be per-
formed in patients at risk [178]. Table 23.6 describes options 
for the exercise prescription as well as general principles and 
behavioral strategies to promote compliance.
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Lifestyle Therapy in Patients Treated with 
Weight Loss Medications or Bariatric Surgery

Lifestyle therapy is also a critical component of care in 
combination with weight loss medications and bariatric 
surgery in the treatment of patients with cardiometabolic 
risk and obesity. Lifestyle therapy alone does not result in 
sustained weight loss in many patients due to pathophysi-
ological mechanisms operative in obesity as a disease [179–
185]. Weight loss medications [13, 186–189] when used 
as adjunctive therapy to lifestyle interventions provide for 
greater weight loss that might be required for optimal pre-
vention of T2D and for improvements in hypertension and 
dyslipidemia [12, 13, 16]. Lifestyle therapy is also critical in 
bariatric surgery patients both pre- and postoperatively for 
optimal clinical outcomes and for preventing weight regain 
following the procedures. This approach must be balanced 
against the inherent risks of surgical complications and mor-
tality, as well as potential nutritional deficiencies, weight 
regain in some patients, and the need for lifelong lifestyle 
support and medical monitoring [190]. Nutrition therapy in 
these postoperative patients must guard against nutritional 
deficiencies and include supplementation of micronutrients 
including iron, calcium, vitamin D and other fat-soluble vi-
tamins, B vitamins (to include thiamine, folic acid, and B12), 
and minerals (copper, zinc, selenium) [190].

Final Summary Recommendations

1. Cardiometabolic risk is represented by a spectrum of 
disease findings and markers with common pathophysi-
ological mechanisms, beginning early in life with relative 
insulin resistance, progressing to clinically identifiable 
states of high risk, namely prediabetes and MetS, and cul-
minating in T2D, CVD disease events, or both in single 
patients.

2. Lifestyle therapy is highly effective in achieving thera-
peutic goals for cardiometabolic risk: (i) prevent progres-
sion to T2D, (ii) control glycemia to prevent microvascu-
lar complications in prediabetes, (iii) improve the CVD 
risk factor profile and treat hypertension and dyslipid-
emia, and (iv) improve functionality and quality of life.

3. A new reconfigured approach to lifestyle therapy is pro-
posed for overweight/obese patients with cardiometabolic 
risk, which emphasizes weight loss as a primary therapeu-
tic strategy for prevention and treatment. This approach 
to lifestyle therapy incorporates evidence-based practices 
involving diet, physical activity, behavioral interventions, 
and multidisciplinary care, with demonstrated effective-
ness for weight loss.

4. Weight loss in overweight/obese individuals is highly 
effective in preventing progression to T2D and in the 
treatment of hypertension and dyslipidemia. Weight loss 
of 10 % is optimal for the prevention of T2D in high-risk 
patients with prediabetes or MetS.

5. Nutritional therapy for the active phase of weight loss 
(~first year) is accomplished using any one of several 
healthy meal plans, selected on the basis of personal and 
cultural preference, and delivered as a very low-calorie, 
low-calorie, or reduced-calorie diet.

6. The lifestyle therapy includes physical activity that op-
timally encompasses both aerobic and resistance exer-
cise and a reduction in sedentary behavior. However, the 
prescription for physical activity must be tailored to the 
preferences and capabilities of patients with T2D and take 
into account the presence of diabetes-related complica-
tions.

7. During the chronic phase of weight loss maintenance 
(years–decades) when patients are in energy balance, 
there are little data indicating which macronutrient com-
position may be optimal with regard to long-term safety 
and clinical outcomes. Given the central role of insulin 
resistance in cardiometabolic risk, the rational choice is 
to emphasize nutrients shown to enhance insulin sensitiv-
ity in isocaloric substitution studies (e.g., MUFA, fiber, 
whole grains, and components of Mediterranean diets), 
and to minimize or avoid foods that promote insulin re-
sistance (e.g., saturated fat, trans-fat, refined grains, and 
components of Western diets).

8. In overweight/obese patients with cardiometabolic risk, 
lifestyle therapy remains the cornerstone of treatment to 
optimize outcomes in patients treated with weight loss 
medications or bariatric surgery.

Case Report

A 48-year-old European-American female was referred to 
you by her family doctor for high fasting blood glucose. 
However, the patient offers the following as the chief com-
plaint: “I need help with my weight. Nothing I do seems to 
help. I want to be a role model for my teenage daughter who 
also seems to be gaining weight. The whole thing makes me 
depressed.”

Medical History

1. Gestational diabetes with birth of only child 16 years ago
2. Depression, symptoms waxing and waning over the past 

10 years treated with paroxetine 40 mg/day
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Social and Family History

The patient is trained as a certified public accountant (CPA) 
and oversees accounts of two small companies largely 
working from her home office. She divorced her husband 5 
years ago and is a single mother of one 16-year-old daughter. 
She leads a sedentary lifestyle but belongs to YMCA and 
tries to get to the gym three times a week but averages once 
a week. At the gym she uses weights and walks on the tread-
mill. She likes a cocktail early evening and has a negative 
smoking history. Her family history is positive only for T2D 
in her mother.

Exam BMI 36 kg/m2; waist circumference 40 in.; blood 
pressure 148/92; trace edema in legs with varicose veins

Laboratory Fasting glucose 114 mg/dL; HbA1C 6.0 %; 
lipid panel (mg/dL) shows total cholesterol 199, LDL-C 114, 
HDL-C 44, and TG 177; transaminases 1.5 times upper lim-
its of normal; and calculated non-HDL cholesterol 155 mg/
dL. Complete blood count (CBC), creatinine, and electro-
lytes are normal.

Weight History She had a “normal body weight” until her 
late twenties when she started to gain weight after “prob-
lems” began in her marriage. After the birth of her child at 
the age of 32, she went on several diet plans (South Beach 
and then Atkins) and did lose weight temporarily but had 
trouble staying on diet and experienced weight regain. She 
enrolled in Weight Watchers and the weight loss program at 
the YMCA in the past, but again weight loss was followed 
by weight regain. She has also tried Garcinia Cambogia and 
Sensa without benefit. “I need help because I get so hungry 
and I can’t stay on diet for long. It makes me feel better to 
eat and less depressed in the short term but when I see my 
weight increasing I get even more depressed.”

Assessment

The patient clearly has cardiometabolic risk factors as evi-
denced by the fact that she meets criteria for both predia-
betes due to IFG (114 mg/dL) and MetS (elevated waist 
circumference, low HDL-C, high triglycerides, high fasting 
glucose, and high blood pressures). Risk stratification using 
the Cardiometabolic Disease Staging System (CMDS) [1] 
indicates that she is in the highest risk category for future 
T2D and CVD mortality. The positive family history for 
T2D and gestational diabetes during her pregnancy 16 years 
ago further compound the risk for progression to overt dia-
betes. Based on the single, sitting blood pressure in your of-
fice you conclude that she likely has hypertension, another 
cardiometabolic risk factor, which you will confirm on a 

subsequent visit. She also displays the dyslipidemia associ-
ated with insulin resistance and cardiometabolic risk with 
elevated triglycerides and low HDL levels for a female. The 
non-HDL cholesterol is 155 mg/dL (treatment goal should 
be < 130 mg/dL). The fact that the non-HDL cholesterol is 
greater than 30 units above the level of LDL-C indicates that 
she has high concentrations of small dense LDL particles. 
Finally, her insulin resistance and obesity put her at risk of 
nonalcoholic fatty liver disease, and this is suspected as the 
explanation for the elevated transaminases.

In summary, this patient has multiple manifestations of 
cardiometabolic risk and is at particularly high risk of future 
diabetes and CVD. You could recommend medications for 
IGT, hypertension, and dyslipidemia, but you elect to discuss 
lifestyle therapy with an emphasis on weight loss with the 
patient since this will result in improvements in glycemia, 
blood pressure, and lipids.

Plan

The patient has dietary preferences for fish, poultry, and sal-
ads and tends to cook with olive oil. At home, while working 
as a CPA, she does snack frequently between meals, some-
times with chips and popcorn. You place her on a Mediterra-
nean diet healthy meal plan, with 500 kcal/day energy deficit 
diet. You ask her to avoid between-meal snacks except that 
you recommend celery or cucumbers if she gets hungry be-
tween meals. You refer her to a dietitian for instructions, im-
plementation, and follow-up. Because the patient has expe-
rienced weight regain on several dietary interventions in the 
past, you discuss the addition of a weight loss medication to 
help her adhere to the reduced-calorie meal plan and because 
you want to assure the achievement and maintenance of at 
least 10 % weight loss, which will maximize your efforts to 
prevent diabetes in this high-risk patient. For physical activ-
ity, you recommend taking a break at lunch and going to the 
YMCA three times a week and once on weekends for 40 min 
of brisk walking on the treadmill and support her suggestion 
to engage a trainer at the facility. You place her on atorvas-
tatin 40 mg/day. You schedule her for return visit in 2 weeks.

Additional Testing Two-hour OGTT glucose value 182 mg/
dL indicative of IGT; electrocardiogram (ECG) normal; 
apoB-100 value of 110 mg/dL consistent with an elevated 
LDL particle concentration; spot urine showing normal albu-
min to creatinine ratio

Two Weeks Later Patient has lost 3 lb and is excited about 
the meal plan, the physical activity prescription, and con-
tact with the dietitian. Her daughter wants to join her for 
“work-outs” at the YMCA on Saturdays. Blood pressure 
remains elevated at 145/92 mmHg. You add an oral weight 
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loss medication known to suppress appetite as an adjunct to 
lifestyle therapy. You encourage the patient and discuss the 
plan to follow fasting glucose, hepatic transaminases, blood 
pressure, and lipids as the indicators of success for lifestyle 
therapy. You schedule monthly visits for the next 3 months 
alternating every 2 weeks with monthly visits to the dietitian.
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Abbreviations

BMI Body Mass Index
FDA Food and Drug Administration
IL-1 Interleukin-1
IL-6 Interleukin-6
PA Physical activity
SELECT  Selenium and Vitamin E Cancer Prevention 

Trial
SNP Singlenucleotide polymorphisms
TNF-α Tumor necrosis factor-α
WCRF/AICR  World Cancer Research Fund/American 

Institute for Cancer Research
WHEL Women’s Healthy Eating and Living
WINS Women’s Intervention Nutrition Study

Introduction

A number of lifestyle factors affect cancer risk and survival 
in individuals diagnosed with cancer. Key among these is 
nutrition, along with the related factors of overweight/obe-
sity and energy balance, physical activity (PA), alcohol, and 
tobacco. These risk factors are “exogenous” in that they gen-
erally reflect voluntary exposures, that is, they are based on 
lifestyle choices. Since they are not innate to the individual, 
exposure to such adverse cancer-associated factors can be, 
in theory, avoided. However, “endogenous” factors—innate 

characteristics of the individual that are not voluntary—can 
both promote the exposure and influence the effects of ex-
posure of various lifestyle factors in cancer. Specifically, 
inherited genetic variation among individuals can influence 
tendencies toward harmful lifestyle exposures. For example, 
certain inherited genetic variants, including specific single-
nucleotide polymorphisms (SNP), are associated with higher 
levels of craving nicotine, thereby enhancing the level of ad-
diction to tobacco [1]. Similarly, genetic variants have been 
identified that retard or enhance the carcinogenic effects of 
these exposures. Not all heavy smokers develop lung cancer, 
despite long-term exposure to the carcinogens in tobacco. 
Variability in genes involved in metabolizing tobacco car-
cinogens and in modulating other tobacco-related carcino-
genic mechanisms contributes to determining who actually 
develops cancer when exposed.

In addition, epigenetic processes influence the adverse or 
beneficial effects of lifestyle exposures. Unlike genetic vari-
ants, which are inherited and involve alterations in the DNA 
sequence, epigenetic mechanisms comprise several process-
es that influence whether a gene is expressed in a given cell. 
In some cases, epigenetic changes can also be inherited and, 
hence, are considered to be “metastable.” The three basic mo-
lecular mechanisms that contribute to epigenetic changes in 
the cell include methylation of DNA, histone modifications, 
and expression of microRNAs. These mechanisms work to-
gether to up- or downregulate gene expression. The epigen-
etic modifications in cancer cells often diverge from those in 
the normal cells of the same tissue type, with the differential 
modifications presumably contributing to carcinogenesis. 
Importantly, lifestyle factors influence epigenetic modifica-
tions and ultimately the profile of expressed genes. In this 
manner, epigenetic processes serve as a venue through which 
exogenous lifestyle exposures are funneled mechanistically 
into the molecular pathways that regulate gene expression. 
Dietary components, often referred to as bioactive food 
components, are known to modify methylation of DNA in a 
manner that can increase or decrease carcinogenesis [2]. As 
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an example, epigallocatechin-3-gallate, a key constituent of 
green tea, inhibits the procarcinogenic DNA methylation that 
is observed in a number of cancers, including esophageal, 
colon, prostate, and mammary cancers. Diet–epigenome in-
teractions are believed to occur in utero, yielding an early-
life impact of nutrition on carcinogenesis later in life.

Nutrition

In 1981, Doll and Peto [3] estimated that approximately 
30 % of cancers are associated with diet (see Fig. 24.1). Diet, 
a person’s genetic makeup, and the cancer type are key com-
ponents in the diet–cancer relationship. The term “diet” is 
often used broadly when applied to cancer research. Diet 
may imply a dietary pattern, such as a vegetarian diet, or 
the Mediterranean-style eating pattern. Diet may also refer 
to specific foods, nutrients, and bioactive food compounds, 
of which there are thousands, many of which are thought to 
play a role in cancer prevention.

Public health guidelines for cancer prevention from the 
World Cancer Research Fund/American Institute for Cancer 
Research (WCRF/AICR) [4], the World Health Organiza-
tion [5], and the American Cancer Society [6] recommend a 
plant-based diet (Table 24.1). Although the specific recom-
mendations of these organizations vary, the basis of the rec-
ommendations includes a diet rich in a variety of vegetables 
and fruits, legumes, nuts, whole grains, minimally processed 
staple foods, limited red and processed meat, limited fats, 
especially saturated fats, limited refined starchy foods (such 
as sugars and sweets), limited salt, and limited alcohol in-
take. In 2007, the WCRF/AICR compiled a comprehensive 
evidence-based report on the role of food, nutrition, and can-

cer prevention [4] and it continues to update the information 
through the Continuous Update Project [7–11].

In addition to a plant-based diet, many nutrients and bio-
active food components from plant and animal products con-
tinue to be studied for their potential anticancer properties 
(see Table 24.2). Although the evidence varies and is some-
times unclear, the weight of evidence suggests that diet plays 
a role in cancer development and risk.

Large Nutrition and Cancer Clinical Trials

Although general dietary patterns are usually emphasized for 
cancer prevention, few clinical trials have proven cancer reduc-
tion related to diet modification. The Women’s Health Initiative 
Dietary Modification Trial [12] was the largest and longest ran-
domized controlled study of the effect of dietary change on dis-
ease outcomes in postmenopausal women. Diet modification 
aimed at reducing fat intake to 20 % of energy and increasing 
consumption of vegetables, fruits, and grains failed to signifi-
cantly reduce the risk of colorectal or breast cancer during 8 
years of follow-up, although breast cancer was nonsignificant-
ly reduced by 9 % [12]. Another component of the trial found 
that taking 1000 mg/day of calcium plus 400 international units 
of vitamin D3 had no effect on colorectal cancer risk [12].

Because of the high rates of esophageal/gastric car-
dia cancer and low intakes of several nutrients in Linxian, 
China, a large randomized, double-blind placebo trial was 
conducted in this region [13]. In this trial, 4 different com-
binations of 9 vitamins and minerals were provided to ap-
proximately 30,000 adults who were followed for about 5 
years [13]. Those who received a combination of selenium, 
beta-carotene, and vitamin E had reduced total mortality, 
total cancer mortality, and total gastric cancer mortality, and 
the beneficial effects were still seen up to 10 years after end-
ing supplementation [13].

The Selenium and Vitamin E Cancer Prevention Trial 
(SELECT) [14] found that selenium and vitamin E, taken 
alone or together for an average of 5.5 years, did not prevent 
prostate cancer. In fact, the men taking vitamin E had a 17 % 
increased risk of prostate cancer compared to men taking the 
placebo; men who started the trial with high levels of sele-
nium doubled their risk of developing a high-grade prostate 
cancer by taking selenium supplements and men who had 
low levels of selenium at the start of the trial doubled their 
risk of high-grade prostate cancer by taking vitamin E [14].

Fruits and Vegetables

A plant-based diet including fruits and non-starchy vegeta-
bles is associated with reduced risk of developing several 
cancers, in particular, cancers of the mouth, pharynx, larynx, 

Fig. 24.1  Proportions of cancer deaths attributed to various factors [3]. 
Data represent the best estimate of percent of all cancer deaths. The 
range of acceptable estimates is shown for diet and tobacco in paren-
theses
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esophagus, stomach, and lung [4]. Nutrients, bioactive food 
components, and fiber contained in fruits and vegetables are 
also associated with a decreased risk of several cancers. Pub-
lic guidelines for cancer prevention recommend a diet high 
in fruits and vegetables, at least two and half cups daily [6].

Cruciferous vegetables are part of the Brassica genus of 
plants, which includes arugula, broccoli, Brussels sprouts, 
cabbage, cauliflower, collard greens, kale, radishes, and tur-
nips. They are rich in carotenoids, particularly beta-carotene, 
lutein, zeaxanthin, as well as vitamins C, E, and K, folate, 
and minerals. Cruciferous vegetables are also a good source 
of fiber and a rich source of glucosinolates, which are sulfur-
containing compounds responsible for their pungent aroma 

and bitter taste. Glucosinolates are broken down to form 
biologically active compounds, such as indole, indole-3-car-
binol, and the isothiocyanate, sulforaphane, which in pre-
clinical studies has been found to inhibit the development of 
cancer of the bladder, breast, colon, liver, lung, and stomach 
[15]. Studies in humans have shown mixed results and no 
clear association has emerged. There exists a possibility that 
genetic variants influence the response to these food compo-
nents. For example, a glutathione S-transferase genotype has 
been found to influence the relationship between cruciferous 
vegetable intake and lung and colorectal cancer risk [16].

Lycopene is the predominant carotenoid in blood and tis-
sues; it is the pigment that gives some fruits and vegetables 

Table 24.1  Lifestyle guidelines for cancer prevention. (Adapted from: Appendix 1: Public Health Guidelines for Cancer Prevention and Survi-
vorship. In: Leser M, Ledesma N, Bergerson S, Trujillo E, eds. Oncology Nutrition for Clinical Practice. Chicago, IL: Oncology Nutrition Dietetic 
Practice Group; 2013:249–250)

World Cancer Research Fund American Insti-
tute for Cancer Research

World Health Organization

Plant-based diet Choose a plant-based diet rich in a variety of 
vegetables and fruits, legumes, and minimally 
processed starchy staple foods

Increase consumption of fruits and vegetables, legumes 
and whole grains, and nuts

Vegetable and fruit Eat five or more portions (14 oz or 400 g) of a 
variety of non-starchy vegetables and of fruits 
daily

Increase consumption of fruits and vegetables, legumes 
and whole grains, and nuts. Consume at least 400 g of 
total fruits and vegetables per day

Breads, grains and cereals Eat relatively unprocessed cereals (grains) 
and/or legumes with every meal

Increase consumption of fruits and vegetables, legumes 
and whole grains, and nuts

Animal products People who eat red meat should limit intake to 
less than 18 oz per week, very little, if any, to 
be processed

Moderate consumption of preserved meat (sausage, 
salami, bacon, and ham) and red meat (beef, pork, and 
lamb). Poultry and fish are preferable

Dietary fat Consume energy-dense foods sparingly. Cer-
tain plant oils, nuts, and seeds are important 
sources of fat and nutrients and should not be 
avoided

Limit energy intake from fat and shift fat consumption 
away from saturated fats to unsaturated fats. Eliminate 
trans fat consumption

Processed foods and refined sugar Eat relatively unprocessed cereals (grains) 
and/or legumes with every meal. Limit refined 
starchy foods. Avoid sugary drinks

Limit the intake of free sugars

Salt and sodium Limit consumption of processed foods with 
added salt to ensure an intake of less than 6 g 
(2.4 g sodium) per day

Limit salt (sodium) consumption from all sources and 
ensure that salt is iodized

Alcohol If consumed at all, limit alcoholic drinks to no 
more than two drinks a day for men and one 
for women

Consumption of alcoholic beverages is not recom-
mended. If consumed, do not exceed 20 g per day

Dietary supplements For those who follow the above recommen-
dations, dietary supplements are not recom-
mended for reducing cancer risk. Aim to meet 
nutrient needs through diet alone. Talk with 
your health care team about supplements for 
other specific health reasons

No recommendations provided

Body weight Be as lean as possible within the normal range 
of body weight. Maintain body weight within 
the normal range from age 21. Avoid weight 
gain and increases in waist circumference 
throughout adulthood

Achieve energy balance and a healthy weight. Maintain 
weight such that BMI is in the range of 18.5–25 kg/m2 
and avoid weight gain during adulthood

Physical activity Be moderately physically active for at least 
30 min every day. As fitness improves, aim 
for 60 min or more of moderate, or 30 min 
or more of vigorous physical activity every 
day. Limit sedentary habits like watching 
television

Engage in regular physical activity. Adults aged 18–64 
should accumulate at least 150 min of moderate intensity 
aerobic activity or at least 75 min of vigorous aerobic 
activity throughout the week. Strength training should be 
done at least 2 days per week
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their red coloring. These foods include tomatoes, watermel-
on, pink grapefruits, apricots, and others. Most of the US di-
etary lycopene comes from processed tomato products such 
as sauces, juices, and ketchup. Lycopene in fresh fruits and 
vegetables is poorly absorbed. Heat processing into tomato 
paste, juice, and other foods improves lycopene bioavailabil-
ity. Lycopene seems to reduce plasma prostate-specific anti-
gen levels in men with prostate cancer [17]; epidemiological 
studies suggest that consuming foods containing lycopene 
decreases prostate cancer risk [4]. However, interventional 
study data do not consistently confirm this chemopreventive 
effect [18].

The vegetable garlic is part of the Allium class of bulb-
shaped plants that also includes onions, chives, and leeks. 
Garlic has been used for centuries for its antimicrobial and 
anticarcinogenic effects, and for protective effects from car-
diovascular disease. Garlic contains sulfur, arginine, sele-
nium, potassium, calcium, magnesium, phosphorus, vitamin 
C, and folate. The allyl sulfur compounds in garlic may block 
the formation and activation of carcinogens, enhance DNA 
repair, reduce cell proliferation, and/or induce apoptosis [19]. 
Preclinical studies provide strong evidence that garlic and its 
associated sulfur components can suppress tumor incidence 
in the breast, colon, skin, uterus, esophagus, and lung. Epi-
demiological studies suggest that garlic intake is associated 
with a reduced risk of cancers of the gastrointestinal tract, 
such as the stomach and colon [4]. A dose–response relation-

ship has been identified for colorectal cancer; as garlic intake 
increased, the risk of colorectal cancer decreased. Although 
compounds in garlic demonstrate anticancer activity, there is 
insufficient evidence for recommending garlic supplements.

Folate, an essential B vitamin, is found in fruits and vege-
tables, especially dark green leafy vegetables. There is some 
evidence that foods containing folate protect against esopha-
geal cancer [4, 8, 9]. Folate is important for DNA synthesis 
and DNA repair; folate deficiency may increase the risk of 
DNA damage. Folate is a good example of a nutrient that 
may play different roles in different stages of carcinogenesis. 
Once carcinogenesis in initiated, folate provides substrates 
for DNA synthesis and accelerates cancer cell prolifera-
tion and tumor expansion. The anti-folate chemotherapeutic 
agent, methotrexate, inhibits folate-mediated DNA synthesis 
to decrease cell proliferation. Folate in the form of calcium 
leucovorin may be used to rescue patients suffering from 
methotrexate toxicity [19].

Folic acid is the supplemental form of folate and is used 
in vitamin supplements, and, since 1998, has been added to 
bread and other grain products in order to decrease the oc-
currence of neural tube defects in newborns. In 2007, the 
Aspirin and Folic Acid Polyp Prevention Study found unex-
pected increases in advanced colorectal adenomas and pros-
tate cancer after 7 years of treatment with folic acid. How-
ever, a meta-analysis found that folic acid supplementation 
does not affect cancer incidence [20]. Pharmacologic doses 

Table 24.2  Selected foods, bioactive compounds and mechanisms for cancer prevention
Food Bioactive compound Mechanism for protection
Cruciferous vegetables Indoles and isothiocyanates DNA damage

Antiviral and antibacterial effects
Anti-inflammatory effects
Induce apoptosis
Inhibit angiogenesis and tumor cell migration

Dark green leafy vegetables Folate DNA damage
Prevents tumor initiation
Facilitates progression of precancerous lesions (not protective)

Soy Isoflavones (genistein, daidzein) Reduce estradiol exposure
Modify estrogen metabolites
Inhibit angiogenesis
Inhibit growth factors
Modify genotoxic compounds

Tomato Carotenoids (lycopene) Prevent oxidations of DNA, proteins, lipids
Induce phase II detoxification enzymes
Suppress carcinogen-induced phosphorylation of regulatory proteins
Inhibit cell division

Garlic Allyl sulfur compounds Block nitrosamine formation
Suppresses of bioactivation of carcinogens
Enhance DNA repair
Reduce cell proliferation
Induce apoptosis

Fish Omega-3 fatty acids Reduce eicosanoid biosynthesis
Inhibit cyclooxygenase-2

Oats β (beta)-glucan Enhance cytotoxicity against tumors
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of folic acid supplementation are not warranted for cancer 
prevention. Eating foods rich in folate has not been associat-
ed with cancer risk. Yet, a diet high in folate-rich foods, such 
as fruits and vegetables, is considered part of a healthy diet.

Meat and Protein

The WCRF/AICR recommends to limit the intake of red 
meat to less than 500 g (18 ounces) a week and avoid pro-
cessed meat. Red meat refers to beef, lamb, pork, and goat; 
processed meat refers to meats preserved by smoking, curing, 
or salting, or by the addition of chemical preservatives. Pro-
cessed meats are usually red meats and include ham, bacon, 
hot dogs, pastrami, salami, and other sausages. These recom-
mendations are based on convincing evidence that red meat 
and processed meat are causes of colorectal cancer [4, 8].

There are several potential mechanisms that underlie the 
observed positive association of red meat consumption with 
colorectal cancer. Red meat contains heme iron, which pro-
motes the formation of potentially carcinogenic N-nitroso 
compounds. N-nitroso compounds also form when nitrites 
used to preserve meat combine with amines from amino 
acids, and also can be created during the curing process. 
Cooking red meat at high temperatures results in the produc-
tion of heterocyclic amines and polycyclic aromatic hydro-
carbons that can cause colon cancer in people with a genetic 
predisposition due to specific SNP [8].

Not all animal foods are associated with an increased can-
cer risk. Poultry, fish, and eggs are not associated with an 
increased or decreased cancer risk.

Fats

Dietary fat intake has been tied most closely to breast cancer 
risk, in particular postmenopausal breast cancer. Data from 
preclinical studies suggest that polyunsaturated fatty acids 
(PUFA) of the omega-6 class promote cancers at various 
sites, including the mammary gland. However, epidemiolog-
ical evidence regarding these fats has been inconsistent and, 
overall, limited evidence suggests that consumption of total 
fat is a cause of postmenopausal breast cancer [7].

Two clinical trials looked at the effect of dietary fat reduc-
tion and breast cancer outcome. The Women’s Healthy Eat-
ing and Living (WHEL) trial found that a low-fat intake, with 
15–20 % of total calories in the form of fat, along with higher 
fruit, vegetable, and fiber intake, in breast cancer survivors 
did not reduce additional breast cancer events [21]. Howev-
er, the Women’s Intervention Nutrition Study (WINS) found 
that a reduced dietary fat intake, with 20 % of calories com-
ing from fat, resulted in a 24 % reduction in relative risk of 
breast cancer recurrence with modest weight loss [22]. Sub-

set analyses suggested that the largest risk reduction (42 %) 
was among women with estrogen receptor-negative disease.

Omega-3 PUFA, both from marine (eicosapentaenoic 
acid and docosahexaenoic acid) and plant (α-linolenic acid) 
sources, are recognized to have anticancer activity. The an-
tineoplastic mechanisms of omega-3 PUFA include modula-
tion of cyclooxygenase activity, alteration of membrane dy-
namics and cell surface receptor function, and suppression 
of increased cellular oxidative stress. Although studies in 
animals fed omega-3 PUFA show reduced colorectal tumor 
incidence, epidemiological studies are inconsistent and do 
not show a relationship between omega-3 PUFA intakes 
and colorectal cancer [8]. Studies also suggest that marine 
omega-3 PUFA may prevent telomere shortening and, thus, 
may play a role in antagonizing cell aging [23].

Milk, Dairy, and Calcium

As milk and dairy products are good sources of calcium, 
they are often intertwined. However, the associations appear 
to be quite different and how milk, cheese, and other dairy 
products affect cancer risk is difficult to interpret. While 
milk (from cows) and calcium (from supplements at a dose 
of 1200 mg/day) probably decrease colorectal cancer risk, 
limited evidence suggests that cheese may increase colorec-
tal cancer risk [8]. There is more consistency with regard 
to prostate cancer. Diets high in calcium (around 1.5 g/day) 
probably increase the risk, and limited evidence suggests 
that milk and dairy products also increase prostate cancer 
risk [4]; cheese does not seem to be related to risk.

Calcium and vitamin D act synergistically and evidence 
suggests that people with lower than average vitamin D levels 
do not benefit from calcium supplements. Vitamin D is often 
fortified in dairy products, and small amounts can be found 
in eggs, mushrooms, and fish. The best source of vitamin 
D is sunlight exposure. The cancer–vitamin D connection, 
suggestive of suppression of cancer by vitamin D, originates 
from the observation that colon cancer mortality rates were 
lower in the southwestern parts, that is, the sunnier parts of 
the USA, compared to the northeastern parts of the country. 
Furthermore, some studies suggest that lower serum 25-hy-
droxyvitamin D levels are associated with increased risk of 
breast, prostate, and colorectal cancers. Despite these obser-
vations, the weight of the evidence is inconclusive [7, 8]. In 
a meta-analysis from the US Preventive Services Task Force 
that examined the benefits and harms of vitamin D with or 
without calcium supplementation on clinical outcomes, in-
cluding cancer and fractures in adults, no conclusions could 
be drawn regarding the benefits or harms of vitamin D sup-
plementation for the prevention of cancer [24]. Vitamin D 
supplementation is guided by serum 25-hydroxyvitamin D 
[25(OH)D] levels and there are no guidelines providing opti-
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mal levels for cancer prevention. According to the Endocrine 
Society Clinical Practice Guidelines, a 25(OH)D level below 
20 ng/ml is considered vitamin D deficiency and between 
21 and 29 ng/ml is considered vitamin D insufficiency [25]. 
The most widely accepted guidelines are from the Institute 
of Medicine for bone health, which are for serum levels to be 
greater than 20 ng/ml.

Grains

Whole grains, such as wheat, oat, barley, brown rice, and 
rye, contain the cereal germ, endosperm, as well as bran. In 
contrast, refined grains retain only the endosperm. Whole 
grains are a good source of dietary fiber. Convincing evi-
dence from epidemiological studies suggests that foods con-
taining dietary fiber reduce colorectal cancer risk [4, 8]. Al-
though the protective role of dietary fiber has not been firmly 
established, it increases fecal weight and decreases transit 
time, leading to fewer carcinogen interactions within the co-
lonic mucosa. This decreased transit time may also enhance 
the removal of secondary bile acids, which is thought to be 
tumor promoters. In preclinical studies, dietary fermentation 
products in the colon, such as short-chain fatty acids, induce 
apoptosis, cell cycle arrest, and differentiation [4].

β-glucans (beta-glucans) are polysaccharides commonly 
found in oats and other grains, barley, yeast, bacteria, algae, 
and mushrooms. β-glucans are thought to act as biological 
response modifiers that restore or enhance humoral and cell-
mediated immune responses. They increase macrophage 
phagocytosis of tumor cells, increase the cytotoxicity of 
natural killer cells, and stimulate the release of interleukin-1 
(IL-1) and tumor necrosis factor-α (TNFα). Most of the an-
ticancer effects of β-glucan have been shown in in vitro and 
in vivo experimental studies, although preliminary clinical 
trials in patients with gastric, ovarian, cervical, and head and 
neck cancers have shown a positive effect on patient survival 
and quality of life using β-glucans in the adjuvant setting 
[26].

Legumes

Soy is a legume that has been a staple food in Asia for thou-
sands of years. The low rates of cancer in Asian countries 
spurred research investigating a possible soy and cancer con-
nection. Soybeans are used to make tofu, flours, and sauces, 
and pure soy protein, or soy isolate, is used in a variety of 
meat substitutes. Soy foods contain a variety of compounds 
that may have anticancer effects, including protease inhibi-
tors, saponins, phenolic acids, and isoflavones.

Soy’s isoflavones (genistein and daidzein) resemble weak 
forms of natural hormones; for this reason, soy research has 

focused on hormone-related cancers of the breast and pros-
tate. Despite numerous laboratory studies, population-based 
studies, and clinical trials, the evidence is inconclusive as to 
whether soy isoflavones reduce the risk of breast or prostate 
cancer, although no studies have demonstrated an increase 
in cancer risk from eating whole soy foods. Because genis-
tein has been shown to stimulate the growth of estrogen-de-
pendent human tumor cells that were injected into animals, 
women receiving anti-estrogen treatments, such as tamoxi-
fen, should avoid consumption of high-dose purified forms 
of isoflavones, such as those found in dietary supplements 
[27]. Some evidence suggests that the timing of soy expo-
sure may affect cancer risk. For example, animal and human 
studies show that soy consumed in childhood may be protec-
tive against breast cancer in adulthood.

Obesity and Energy Balance

Obesity accounts for approximately 20 % of all cancer cases 
and is the cause of 15 % of all cancer deaths in men and 20 % 
of cancer deaths in women. Overweight, obesity, and body 
fatness have been associated with increased risk of cancers 
of the esophagus, breast (postmenopausal), endometrium, 
ovary, colon, kidney, pancreas, gallbladder, and possibly 
others [4, 7–11]. Unlike postmenopausal breast cancer, pre-
menopausal breast cancer risk is inversely associated with 
body fatness.

The causal relationship of body fatness and obesity to 
cancer risk is unclear. Obesity influences the levels of hor-
mones and growth factors. Insulin and leptin can promote 
the growth of cancer cells; both these hormones are elevated 
in people with obesity. Hyperinsulinemia increases the risk 
of cancers of the colon, endometrium, and possibly pancreas 
and kidney. Having increased adipose stores is thought to 
increase the conversion of androgens to estrogens; increased 
estrogen levels are strongly associated with the risk of endo-
metrial and postmenopausal breast cancers [11].

Excess adipose tissue is a source of low-grade inflamma-
tion. Adipocytes produce pro-inflammatory factors, such as 
TNFα, interleukin-6 (IL-6), and C-reactive protein. Patients 
with obesity have higher circulating levels of these factors 
than patients who are lean. Importantly, chronic inflamma-
tion is a known risk factor for cancer development [11].

Worldwide, 35 % of adults are overweight or obese. In 
the USA, 69 % of Americans are overweight or obese, which 
is double the amount in the 1980s. Americans consumed an 
average of 2586 calories a day in 2010 compared with 2109 
calories a day in 1970 [28]. Not surprisingly, in this time pe-
riod, the average body weight of adults in the USA increased 
by nearly 20 pounds. Genetic, environmental, behavioral, 
and socioeconomic factors are thought to play a role in this 
increase in obesity.
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Body mass index (BMI), defined as weight (kg)/height 
(m)2, serves as an indirect measurement of adipose tissue 
and is currently used to define overweight and obesity. BMI 
is not a direct measurement of body fat, but has been shown 
to correlate with direct body fat measures such as underwater 
weight. BMI may be overestimated in athletes and those who 
have a muscular build; BMI may be underestimated in older 
persons or those who have muscle loss or wasting.

Distribution of body fat may be an important factor in the 
association of obesity with cancer risk. Specifically, abdomi-
nal obesity, which can be measured by waist circumference, 
has been shown to be associated with increased colon can-
cer risk and may be an important factor in the association of 
overweight and obesity with pancreatic cancer, endometrial 
cancer, and postmenopausal breast cancer [4]. Waist circum-
ference is an important measurement to obtain when screen-
ing for obesity. Waist circumference is measured at the level 
of the top of the iliac crest with the measuring tape snug 
against the skin. According to the AICR, a waist measure-
ment of ≥ 31.5 in. (80 cm) for women and ≥ 37 in. (94 cm) for 
men is associated with elevated cancer risk [4].

Health guidelines for cancer prevention advise the public 
to be as lean as possible with a normal range of body weight 
without becoming underweight and specifically to have a 
median adult BMI between 21 and 23. Maintenance of a 
healthy weight throughout life may be one of the most im-
portant ways to protect against cancer [4]. Achieving weight 
loss and maintaining a healthy weight can be difficult. Clini-
cal practice guidelines from various professional medical so-
cieties have outlined management strategies and frameworks 
for overweight and obesity [29, 30].

Physical Activity and Sedentary Behavior

Physical activity (PA) may protect against cancer in general, 
improve long-term health of cancer survivors, and possibly 
reduce the risk of cancer recurrence. Convincing evidence 
suggests that PA is protective for colorectal cancer, probable 
evidence exists for an association between PA and reduced 
risk of postmenopausal breast cancer and endometrial cancer, 
and PA may prevent lung and pancreatic cancers [4, 7–10].

PA includes walking, doing laundry, grocery shopping, or 
any activity that involves moving around. Exercise is struc-
tured recreational PA and includes aerobic activity such as 
swimming, jogging, cycling, or dancing. The current guide-
lines for PA as defined by the Guidelines for Physical Activ-
ity [31] are:

Adults (> 18 years of age):

• Adults should perform an equivalent of 150 min of mod-
erate intensity activity per week with the goal of achiev-
ing and maintaining a healthy body weight. This equates 

to approximately 22 min of moderate intensity PA each 
day.

• Alternately, adults can complete 75 min of vigorous activ-
ity per week.

• Adults should also include muscle-strengthening activi-
ties that involve all major muscle groups 2 or more days 
per week into their routine.

• The 2010 Dietary Guidelines for Americans [32] suggest 
that some adults will need more exercise, possibly more 
than 300 min per week to achieve and maintain a healthy 
body weight. This equates to approximately 43 min or 
more each day.

Sedentary behavior is defined as low energy expenditure, 
generally exemplified by prolonged sitting or lying down 
and the absence of whole-body movement. “Screen time” 
(watching television, working at a computer, or playing 
video games) and driving or sitting in an automobile typify 
sedentary behavior. Sedentary behavior and physical inactiv-
ity are not necessarily equivalent. An individual may engage 
in 150 min of moderate intensity activity per week, yet be 
sedentary for the remaining time. On the other hand, physi-
cal inactivity is the absence of health-enhancing PA in ev-
eryday life. It is physical inactivity that is associated with 
an increased incidence of cancer mortality [33]. Preliminary 
evidence suggests a likely metabolic health benefit from 
regular interruptions to sitting time and overall reduction in 
sedentary time [34].

Alcohol

More than one half of American adults consume alcohol in 
the form of ethanol each year, with 88,000 excess deaths as-
sociated with its use, a majority of which are due to traffic 
accidents and binge drinking (8 drinks per binge). The eco-
nomic cost of alcohol abuse on lost workplace productivity, 
health care expenses, and crime is estimated to be $223.5 bil-
lion per year [35]. Considerable evidence from large pro-
spective observational trials has confirmed the association 
between drinking alcohol and cancers of the mouth, pharynx, 
larynx, esophagus, liver, colon and rectum, and breast [36]. 
This increased risk of cancer is observed regardless of the 
form in which alcohol is consumed: beer, whiskey, vodka, 
or mixed drinks. Alcohol acts in various ways to increase 
cancer risk, including acting as an irritant to damage tissue, 
producing acetaldehyde (a known carcinogen) in the intes-
tines, inflaming and scarring the liver, lowering the body’s 
ability to absorb folate, raising the levels of estrogen, and 
increasing the risk of weight gain. Each of these carcino-
genic mechanisms increases over time in direct relationship 
to the amount of alcohol consumed. In addition, alcohol acts 
as a solvent that allows harmful chemicals, such as those in 
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tobacco, to enter the lining of the upper digestive tract; this 
may be one reason why simultaneous tobacco and alcohol 
use produces a higher risk of mouth and throat cancers than 
the use of either alone [36].

A recent meta-analysis of 222 studies on alcohol and can-
cer found that light (≤ 1 drink/day) consumption increases the 
risk of oropharyngeal cancer (70 %), esophageal squamous 
cell carcinoma (30 %), and breast cancer (5 %), but found no 
association with colorectal, liver, or laryngeal cancers [37]. 
A recent analysis of the prospective observational Nurses’ 
Health Study confirmed that light consumption of alcohol 
was associated with a 15 % increase in breast cancer risk, 
with cumulative consumption throughout adult life as the 
most important measure [38]. A review of heavy (≥ 4 drinks/
day) alcohol consumption resulted in an approximate five-
fold increase for oropharyngeal cancer and esophageal squa-
mous cell carcinoma, a 2.5-fold increase for laryngeal cancer, 
50 % increases for colorectal and breast cancers, and a 30 % 
increase for pancreatic cancer [39]. Confounding factors in 
studies on heavy drinkers include poor diet, lack of exercise, 
and maintaining an unhealthy weight, each of which contrib-
utes to increments of the increased risk for these cancers.

Although alcohol use by adolescents has been decreas-
ing for the past decade, this still is a societal problem due to 
the negative impact on individuals, such as drunk driving. In 
2013, the number of adolescents who reported drinking in 
the past 30 days by school grade was 10 % for 8th graders, 
26 % for 10th graders, and 39 % for 12th graders [40]. By 
the end of high school, 68 % of students report they have 
used alcohol, including 52 % of 12th graders and 12 % of 
8th graders who said they had been drunk at least once. A 
recent study found that adolescent exposure to alcohol may 
result in adolescent-typical phenotypes into adulthood, in-
cluding those associated with behavioral, cognitive, electro-
physiological, and neuroanatomical characteristics not seen 
in those who begin consuming alcohol in adulthood [41]. 
Little data exist as to whether adolescent drinking leads to 
higher rates of alcohol-related cancers in adulthood. There 
are, however, data from a population-based study of Finn-
ish twins that found that adolescents with identified drinking 
problems have a 74 % chance of becoming adult alcoholics, 
especially if they have been binge drinkers as adolescents 
[42]. The strong association between alcohol and increased 
cancer risk at many sites should prompt future research.

Since any level of alcohol consumption has the poten-
tial to increase cancer risk at various sites, formal recom-
mendations generally take a very conservative approach [4]. 
The American Cancer Society recommends that individuals 
drink no more than 1 drink/day for women and 2 drinks/day 
for men [6]. The lower recommendation for women is due to 
their smaller size and the fact that they tend to break down 
alcohol more slowly than men, thus experiencing a greater 
negative impact on the body at the same alcohol intake level 

as men. For clinical practice, asking the patient about his/
her history of and current alcohol consumption and inform-
ing him/her of the health consequences should be a regular 
part of each office visit. The decision to drink responsibly 
or abstain should be based on the individual’s risk factors in 
addition to cultural and social norms.

Tobacco

Fifty Years of Progress Against Tobacco Use

The release of the 1964 Surgeon General’s report on The 
Health Consequences of Smoking [43] initiated a concerted 
effort by government agencies at all levels, public health of-
ficials, and medical professionals to reduce the unequivo-
cally harmful consequences of tobacco use. Although the 
1964 report focused on tobacco’s association with dramatic 
increases in lung cancers and other respiratory conditions, 
the ensuing 50 years have provided a vast array of research 
findings that show tobacco use in any form is associated 
with diseases of practically all organs in the human body, 
including multiple cancers, cardiovascular diseases, repro-
ductive disorders, and diabetes (Fig. 24.2). The recently re-
leased Surgeon General’s report on Health Consequences of 
Smoking—50 Years of Progress [44] shows that significant 
progress has been made to alleviate the societal and personal 
health burden of tobacco use, but cautions that the next 50 
years will have major challenges for continuing that prog-
ress. This is especially true, given new smoking hazards on 
the horizon, including electronic tobacco delivery systems, 
other smokeless tobacco products, and the steps toward de-
criminalizing marijuana in various states.

Although US smoking rates have decreased considerably 
in the past 50 years, one in five deaths per year is still attrib-
utable to smoking. Of special concern is the significant in-
crease in worldwide tobacco use, which is likely to become 
the greatest health risk worldwide by 2030. Deaths from 
smoking killed more than 100 million people in the twenti-
eth century and are projected to be the cause of death of one 
of every two smokers, a billion people, in the twenty-first 
century. In the USA, tobacco use accounts for approximate-
ly 30 % of all cancer deaths, including 87 % of lung cancer 
deaths among men and 70 % of lung cancer deaths among 
women [45]. In spite of the proven health risks from tobacco 
use, 22 % of American men and 17 % of women still smoke.

Strategies for Tobacco Control

Strategies for tobacco control have matured in the past 50 
years to include both population and individual initiatives. 
Population-directed strategies have been quite effective in 
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translating research findings into patient and public infor-
mation campaigns. An ongoing wave of initiatives for to-
bacco control has included federal and local restrictions on 
where tobacco can be consumed, taxation strategies to make 
tobacco products less available, restrictions on tobacco ad-
vertising, and community research projects targeting specific 
populations, such as young people. Medical approaches and 
strategies have included the use of oral drugs (e.g., bupro-
pion and varenicline), nicotine replacement therapy (e.g., 
gums and patches), and nicotine vaccines [1]. In addition, 
a better understanding of behaviors that lead individuals to 
start smoking or continue to smoke has led to an array of 
behavioral programs to address this aspect of tobacco use. 
Although neither medical nor behavioral strategies guaran-
tee smoking cessation, an impressive number of people have 
quit smoking using these diverse cessation strategies.

Future Challenges

Although conventional tobacco use is likely to continue to 
decline in the USA as societal pressures and regulations 
are increased, challenges still remain ahead. Of immediate 
concern is the increasing sale and use of electronic nicotine 
delivery devices, such as electronic cigarettes (e-cigarettes). 
E-cigarettes, both sale and use, presently are unregulated 

Fig. 24.2  Tobacco-related mortality by disease or condition [51]. Data were adapted from estimates from the Centers for Disease Control and 
Prevention 2000–2004, National Health Interview Survey responses, and the 2000–2004 National Center for Health Statistics death certificate 
data. Smoking-related deaths are represented as percentages of total number of deaths

 

by the US Food and Drug Administration (FDA) except for 
those marketed for therapeutic usage. The FDA currently is 
developing regulations to control personal use. Recent re-
ports indicate that e-cigarette use has doubled from 2011 to 
2012 among US middle and high school students [46], and 
furthermore, that calls to poison control centers for e-ciga-
rette nicotine overdose increased from 1 in September 2010 
to 215 in February 2014 [47]. The most common adverse 
health effects in e-cigarette exposure calls were vomiting, 
nausea, and eye irritation.

A significant future challenge in the smoking milieu is the 
spread of legislation allowing personal marijuana use. Twen-
ty four states and the District of Columbia have passed legis-
lation to allow medical use of marijuana, with Colorado and 
Washington allowing full decriminalization. It is unknown 
what the medical and societal consequences will be of these 
loosened regulations. The association of marijuana use with 
an increase in cancer is sparse. A recent review of 34 epi-
demiological studies found little evidence of an association 
[48]. A recent review of cellular, tissue, and animal studies 
found that marijuana smoke may increase the risk of lung 
cancer because it contains a higher concentration of poly-
cyclic aromatic hydrocarbons and other carcinogens than 
found in tobacco smoke [49]. A pooled case-control analysis 
of human studies by the International Lung Cancer Consor-
tium that investigated the risk of lung cancer among those 
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who smoke cannabis habitually or long term found little evi-
dence for an increased risk of lung cancer [50].

Conclusion

Current research will bring more attention to cancer preven-
tion and lifestyle factors that contribute to cancer develop-
ment (see Fig. 24.1). Biomarkers—that is, genetic and mo-
lecular characteristics—are being identified that will indi-
cate with greater precision the risk of various diseases and 
molecular pathways contributing to these risks. Furthermore, 
knowledge of genetic associations with risk-conferring life-
styles will inform the targeting of interventions intended to 
alter detrimental behaviors and/or their carcinogenic out-
comes to appropriate individuals—a form of “precision” 
medicine. A deeper understanding of dietary mechanisms 
will contribute to this knowledge. Thus, in the future, people 
in their 30s or 40s, or even younger, will learn about their 
risks for developing common and rare diseases and poten-
tial lifestyle factors contributing to their risk. These scien-
tific developments will lead to increased attention to cancer-
preventive strategies involving eating patterns, PA, alcohol 
limitations, and tobacco avoidance.
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Abbreviations

BMI Body Mass Index 
NCDs Noncommunicable diseases 
NESDA  Netherlands Study of Depression and Anxi-

ety 
PA Physical activity 
PFC Prefrontal cortex 
PREDIMED Prevención con Dieta Mediterránea 
RCTs Randomized controlled trials 
T2D Type-2 diabetes 
5-HT 5-hydroxytryptamine 
UPBEAT  Understanding the Prognostic Benefits of 

Exercise and Antidepressant Therapy

Background

The number of people affected by depression has increased 
in recent decades. While this is partially due to diagnostic 
practices, urbanization and factors associated with the mod-
ern Western environment are undoubtedly contributing to 
such a trend. For example, in Western society, individuals 
are becoming increasingly sedentary and consuming poorer-
quality diets when compared with previous generations. In 
conjunction with disruptions to the sleep/wake cycle, sub-
stance misuse, and psychosocial stressors including time 
pressures and social isolation, this type of lifestyle may 
compromise mental health. Nevertheless, the association be-
tween “Westernization” and mental health is complex and 
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not linear. For example, stress, fatigue, physical inactivity, 
and sleep deficiency can lead to obesity, and then indirectly 
exacerbate sedentary behaviour, all culminating in a de-
pressed state. Obesogenic environments and the interaction 
of factors modulating deleterious effects on mental health 
warrant the use of a “Lifestyle Medicine” approach for the 
prevention, promotion, and management of depression. Such 
a model offers a potentially safe and cost-effective adjunc-
tive treatment option for management of the condition. To 
date, however, there remains a dearth of evidence around the 
utility of Lifestyle Medicine in psychiatry. In this chapter, we 
will consider the role of lifestyle and environmental factors 
as forming the basis for practical interventions for the man-
agement of depression.

Lifestyle Medicine in the Context of Mental 
Health

“Lifestyle Medicine”, particularly in the context of mental 
health, is a relatively new field. While the idea has been rec-
ognised by practitioners for centuries as a means by which 
to improve health outcomes, little attention has been given 
to its application for mental health and in particular depres-
sion. This is despite its high disability burden and it being 
arguably one of the prevalent noncommunicable diseases 
(NCDs), with similar pathways to that of the more com-
monly recognised “lifestyle” disorders including cardiovas-
cular disease and type-2 diabetes (T2D). In addition to some 
evidence that patients with mild depression respond well to 
lifestyle strategies (though improvements in depression may 
not directly improve adherence to healthy diet [1]), there is 
indeed a bio-behavioural framework that helps explain the 
way in which the modern lifestyle impacts mental health that 
extends beyond the putative assumption that the presence of 
depression precipitates an unhealthy diet via low motivation 
or lack of pleasure. Obesity, poor diet, poor/decreased sleep, 
exposure to chemicals and pollutants, and high stress levels 
have all been shown to increase low-grade systemic inflam-
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mation and oxidative stress—the same pathways at play in 
the pathogenesis of other NCDs—as well as disruptions to 
the hypothalamic–pituitary–adrenal axis and cortisol secre-
tion that characterise depression [2]. Specifically, increased 
levels of pro-inflammatory cytokines, interferon gamma, ne-
opterin, reactive oxygen and nitrogen species, and resultant 
damage by oxidative and nitrosative stress, in combination 
with lowered levels of antioxidants, may potentially damage 
mitochondria and mitochondrial DNA [2]. These events cul-
minate in neurodegeneration and reduced neurogenesis [2] 
and provide context to nutritional mechanisms in the preven-
tion and management of depression.

Lifestyle Elements with Supportive Data

Diet

The past century has seen the occurrence of dietary changes 
across the globe, whereby there has been a major shift in 
the common dietary patterns of Western societies. Diets are 
typically characterised by low nutrient and energy-dense 
foods, processed carbohydrates and refined sugar. In fact, 
the former now contribute to one third of the daily intakes 
by Americans [3]. Evidence suggests that unhealthy eating 
patterns may even be important in the pathogenesis of de-
pression. While the strength and nature of this relationship 
remains unclear [4], both cross-sectional and longitudinal 
data show a significant relationship between unhealthy eat-
ing patterns and depressed mood and anxiety [5]. Moreover, 
there is potential for healthy eating patterns to be protective 
against depression. A recent prospective study of Australian 
adolescents found that better diet quality was associated with 
improved adolescent mental health both cross-sectionally 
and prospectively [6]. Importantly, improvements in mental 
health were also mirrored by improvements in diet quality. 
The first randomised trial to determine whether a dietary 
pattern prescription can prevent the onset of depression has 
shown promising results. Nested within the larger trial exam-
ining the effects of the Mediterranean diet in the prevention 
of cardiovascular events, the Prevención con Dieta Mediter-
ránea (PREDIMED) investigators found that adherence to 
the diet supplemented by nuts was protective against depres-
sion, particularly in those with T2D [7]. These data support 
findings from other trials conducted within T2D showing 
that intensive lifestyle interventions can prevent symptoms 
of depression (relative risk, RR = 0.66; 95 % confidence in-
terval, 95 % CI = 0.5–0.8; P < 0.001) when compared with a 
control group [8].

Though poorly understood, there are a range of pathways 
to explain the pathophysiology underpinning the relation-
ship between diet and mental health, including brain plastic-
ity and function, the stress response system, mitochondrial 
function, inflammation, and oxidative processes [9]. There 

is also increasing evidence that some diets, particularly the 
Western dietary pattern, may be pro-inflammatory, whereby 
certain foods and food groups are associated with increased 
markers of systemic inflammation [10]. In fact, high levels 
of serum high-sensitivity C-reactive protein (a general mark-
er of systemic inflammation) have been shown to be an inde-
pendent risk factor for depression [11]. Similarly, particular 
dietary patterns (e.g. whole foods and Mediterranean diets) 
have been defined as anti-inflammatory, providing protein, 
flavonoids, essential fatty acids as well as micronutrients 
crucial to neurochemical function, such as magnesium, B-
complex vitamins, vitamin C, and zinc.

To date, there remains a dearth of evidence from ran-
domised controlled trials (RCTs) about the potential for diets 
to be utilised as a therapeutic target in the management of 
depression. A pilot RCT [12] was enacted to elucidate the 
effects of a 10-day nutrient-rich diet on the mood of healthy 
female adults. Compared with controls, those receiving the 
intervention yielded significant improvements in self-rated 
vigour, alertness, and contentment. Others have observed 
the benefits of supplements (omega-3 polyunsaturated fatty 
acid, PUFA) in depressed populations; meta-analyses [13] 
have highlighted the benefits of eicosapentaenoic acid par-
ticularly for those with greater symptom intensity. The first 
clinical trial to evaluate the effect of a modified Mediter-
ranean diet in those with clinical depression is currently un-
derway [14]. Regardless of limited empirical evidence for 
dietary modification as a therapeutic target for the treatment 
of major depression, the past decade has witnessed the ad-
vent of evidence demonstrating its contribution to the patho-
genesis of the condition. As diet has a major impact on co-
morbid medical conditions that are increasingly common in 
people diagnosed with depression, including cardiovascular 
disease and metabolic disorders, it is likely to be a source of 
untapped potential. However, at this stage, the precautionary 
principle should guide practice.

Physical Activity and Exercise

Modern lifestyles are becoming increasingly sedentary. 
Sedentary behaviour is not only a key driver of the obesity 
epidemic but may now be a risk factor for the development 
of depression [15] and other inflammatory conditions. It has 
long been known that increased physical activity (PA) is as-
sociated with decreased depressive symptoms. Indeed, PA 
may exert protective effects against mental disorders, with 
regular PA in childhood related to reduced risk of adult onset 
depression. In addition to the benefits of PA for primary pre-
vention, exercise has been shown to be an effective mood 
elevator [16] for those with symptomatic depression. For ex-
ample, Dunn et al. [17] found that aerobic exercise (conduct-
ed in a laboratory setting) at a dose consistent with public 
health recommendations (17.5 kcal/kg/week) is effective for 
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depression of mild to moderate severity as measured by the 
Hamilton Depression Rating Scale. Lower doses (7.0 kcal/
kg/week) were comparable to placebo effect (3 days/week 
flexibility exercise).

The beneficial effects of exercise result from a host of 
biological pathways including: inflammatory cytokines, oxi-
dative stress, neurotrophins (e.g. brain-derived neurotropic 
factor, BDNF [18]), and enhanced neurogenesis [19]. Oth-
ers have explained the apparent antidepressant effects of ex-
ercise as a modulation of monoamine systems. PA has also 
been shown to increase the expression of serotonin (5-HT) in 
animal models [20]. There are sustained beneficial effects of 
PA on these systems via the neuroendocrine axis, normaliza-
tion of cortisol levels, and circulating beta-endorphins. PA 
is an attractive option for depression management for those 
with mild to moderate symptomology because it is feasible, 
safe, and cost-effective and is thought to yield cognitive and 
psychosocial benefits, promote self-efficacy, self-esteem and 
social engagement, and enhance body image. Of all the com-
ponents of lifestyle medicine, the evidence base for the ap-
plication of exercise in depression management is arguably 
the most extensive.

A recent Cochrane review comprising 28 RCTs ( n = 1101) 
revealed moderate to large effects in favour of exercise over 
standard treatment or control [21]. When the data from seven 
trials ( n = 373) with long-term follow-up data were pooled, 
a more modest clinical effect was observed in favor of ex-
ercise. However, only four trials ( n = 326) with adequate al-
location concealment, blinding, and intent-to-treat analysis 
were located, resulting in a more modest effect size in fa-
vour of exercise of − 0.31 (95 % CI = − 0.63 to 0.01). Pooled 
data from seven trials ( n = 373) with long-term follow-up 
data also found a small clinical effect in favor of exercise 
of − 0.39 (95 % CI = − 0.69 to − 0.09). Further to this finding, 
Krogh et al. [22] found no significant long-term effect in 
a meta-analysis of five pooled studies. However, they did 
find an association between exercise intensity, exercise du-
ration, and improved clinical effect, thus it is possible that 
participants in longer-term studies may lack the motivation 
of shorter-term interventions.

Clinical practice guidelines for exercise recommend phy-
sician and/or exercise physiologist assessment before com-
mencing a new regime, which should consist of moderate 
(150 min per week) to vigorous (75 min per week) aerobic 
physical activity, in addition to anaerobic weight-bearing ex-
ercises twice weekly. Exposure to social interaction and na-
ture when exercising may also be advised. In summary, the 
balance of evidence supports the use of exercise of adequate 
intensity and duration to improve mood and reduce depres-
sive symptoms, with stronger effects being seen in clinical 
depression. This effect appears to be comparable to conven-
tional antidepressants.

Mindfulness Meditation

The advent of yoga, mindfulness, and meditation has led to 
the evaluation of these practices on mental health outcomes. 
A systematic review of 12 RCTs [23] found moderate evi-
dence of beneficial short-term effects of yoga compared to 
“usual care”. Like more traditional forms of cardiovascular 
exercise, there are physiological and cognitive benefits of 
yoga. For example, yoga may quell rumination, a symptom 
common in depression. Notwithstanding these benefits, 
while yoga is regarded as generally safe, significant adverse 
events from its practice have been documented, including 
those affecting the musculoskeletal system, the nervous sys-
tem, and the eyes [24]. Thus, yoga should be practised care-
fully under the guidance of a qualified instructor.

Meditative practices, often categorized into “open moni-
toring” or “focused” forms, may also have an application in 
mood management and relapse prevention. A key constituent 
aspect is mindfulness: “paying attention in a particular way: 
on purpose, in the present moment, and non-judgmentally” 
[25]. When the neurological effects of meditation have been 
observed using neuroimaging studies, biological changes 
including alterations in gray matter morphology, increased 
cortical thickness in the prefrontal cortex (PFC) and right 
anterior insula, increased oxygenated hemoglobin in the an-
terior PFC, and elevations in whole blood 5-hydroxytrypta-
mine (5-HT) levels have been noted [26]. To date, the quality 
of studies supporting the efficacy of mindfulness therapy is 
poor. However, the evidence base is growing. Meta-analyses 
of controlled studies examining anxiety and mood-related 
endpoints have yielded large effect sizes [27]. Nevertheless, 
it remains unclear which types of meditation are best for dif-
fering depressive symptomatologies.

Management of Recreational Substances

Evidence suggests that there is a shared genetic vulnerabil-
ity to both smoking and depression. Smoking cigarettes is 
a potential risk factor for depression—for example, adoles-
cent smokers are at increased risk of subsequent depression 
later in life [28]. Conversely, depressed individuals generally 
smoke at an increase rate, which is particularly problematic 
given that smoking can interfere with treatment response. 
Smoking is often used as a form of self-medication for acute 
dysphoric symptom reduction [29]. In fact, regular smokers 
can be viewed as being in a persistent dysphoric withdrawal 
state, interspersed with intoxication when consuming nico-
tine. There are two key biological processes thought to link 
smoking to depression: (1) the dopaminergic system, which 
is responsible for regulating both mood and addiction and (2) 
the immune system, whereby smoking aggravates inflamma-
tion and provokes oxidative stress.
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Similarly, there exists a well-documented bidirectional 
relationship between alcohol consumption and affective 
disorders. The presence of either an alcohol or affective dis-
order doubles the risk of having the other [30]. Compared 
with the general population, the prevalence of alcohol abuse 
and dependence is overrepresented in populations with af-
fective disorders. Conversely, there is a two- to threefold 
increased lifetime risk for depression and anxiety in those 
with alcohol dependence/abuse [31]. This is a trend that has 
been observed in adolescents and young adults, where al-
cohol use in adolescence predicts later onset of depression. 
While the actual mechanisms underpinning this association 
remain unclear, acute alcohol consumption has been shown 
to increase monoamine release [32], with withdrawal pre-
cipitating the dysregulation of monoamine and neuroen-
docrine pathways which can initiate anxiety or dysphoria 
[32]. Studies have demonstrated that depressed mood can 
be substantially alleviated within a short time after abstain-
ing from alcohol, with a brief education intervention (the 
provision of safe drinking guidance and homework tasks) 
effective in reducing symptoms when compared to control 
participants [33].

Sleep

A common symptom of depression relates to sleep hygiene: 
difficulty falling or staying asleep, waking earlier than de-
sired, and/or general disruption to the circadian rhythm. 
Sleep difficulties, in particularly insomnia, can be both an 
outcome and predictor of depression, with poor sleeping 
patterns predictive of subsequent depression relapse. Of the 
former, data form the Netherlands Study of Depression and 
Anxiety (NESDA) revealed that people with a depressive 
or anxiety disorder or remittent depression had significant 
sleep disturbance, independent of other factors that may in-
terfere with sleep patterns such as sociodemographic factors 
and psychotropic medication use [34]. Of the latter, a review 
of 21 prospective studies [35] found that insomnia doubled 
the risk for depression. Moreover, almost half of insomni-
acs experience another comorbid psychiatric disorder [36] 
and are therefore at heightened risk of other somatic condi-
tions, including cardiovascular disease, metabolic disorders, 
and obesity [37]. A systematic review also provides some 
evidence of a mutual relationship between obstructive sleep 
apnea and depression; however, the nature of this relation-
ship remains unclear [38].

Many present-day treatment strategies incorporate sleep 
hygiene techniques into traditional therapeutic models like 
cognitive behavioural therapy [39]. Lifestyle modification 
programs that target sedentary behaviours, poor diet, caf-
feine use, and alcohol use have the capacity to extend be-
yond their immediate benefits to improve sleep hygiene. An 
uncontrolled study comprising 2624 individuals aged 30–80 

years [40], assessed at baseline and four weeks following a 
40-h program focusing on nutrition, physical activity, and 
sleep, found that of the 10 % of participants experiencing 
insomnia, two thirds reported reduced sleep disturbance at 
study completion. While increased PA, reduced body mass 
index (BMI), and caffeine consumption were linked to bet-
ter sleep quality, reduced alcohol and tobacco consumption 
were not.

Caffeine is a psychoactive substance that increases cogni-
tion, mood, attention, and state of alertness. There is some 
evidence that those with dysphoric mood are predisposed to 
increased caffeine use because of its mood-elevating poten-
tial which acts via the noradrenergic and dopaminergic path-
ways [41]. Caffeine also modulates the adenosine system, 
and its anxiogenic potential is influenced by A2A receptor 
polymorphisms [42]. Patterns of caffeine use appear to differ 
by disorder. For example, there is evidence to support the 
avoidance of caffeine in anxiety disorders [43], which may 
be due to its effects on the central nervous system. Thus, caf-
feine use (e.g. from coffee consumption) could be protective 
against depression as a result of adenosine system dysregula-
tion in depression [44]. A longitudinal study comprising over 
50,000 US women (mean age, 63 years) free of depressive 
symptoms demonstrated that those consuming two to three 
cups of coffee per day were at reduced risk of diagnosed de-
pression at follow-up when compared with those consuming 
one or fewer cups per week [45], an effect that was even 
stronger for those consuming more than four cups daily and 
one not observed for decaffeinated coffee. While such find-
ings suggest the benefits of moderate intake of caffeine, high 
caffeine affects insomnia, which can incite depressed mood 
[46].

Social Interaction and Support

Positive, supportive, and intimate relationships with family, 
friends, or other relationships have long been known to have 
beneficial effects on general health, specifically for maintain-
ing psychological health [47]. Ibarra-Rovillard and Kuiper 
[47] propose that the extent to which social relationship part-
ners are perceived to fulfill (or undermine) basic psychologi-
cal needs serves to explain both the positive and negative ef-
fects on the well-being of depressed individuals. The English 
Longitudinal Study of Aging [48] found that negative, but 
not positive, exchanges with family and friends were associ-
ated with greater occurrence of depression, after adjusting 
for confounding factors. Positive relationships can promote 
self-efficacy in achieving or maintaining health-promoting 
activities. For example, a prospective cohort study of 5395 
middle-aged adults in the UK found that recommended lev-
els of leisure-time PA were more likely to persist when ac-
companied by high levels of emotional support [49].
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Lifestyle Elements with Emerging Data

Recreation and Relaxation Activities

Identification and enactment of pleasurable activities is often 
incorporated into therapeutic treatments for clinical depres-
sion. However, the effects of recreational activities per se 
have not been evaluated extensively. When the role of orga-
nized physical recreation is investigated as a strategy for im-
proving mental health in the USA and Australia [50], results 
suggest that participants are more resilient against stressors 
and show a clear reduction in depressed mood (although di-
rectionality was unclear). Formalized relaxation techniques 
have also proven beneficial. A meta-analysis comprising 11 
trials using relaxation techniques (progressive muscle re-
laxation, relaxation imagery, and autogenic training) versus 
control comparators found that although clinician-rated out-
comes were nonsignificant, self-rated depressive symptoms 
were reduced [51]. However, these effects are inferior to 
those of psychological interventions on self-reported depres-
sion [52].

Environmental Factors

External factors affecting health are often classified as (1) 
environmental: nature/greenspace, climate, season, and pol-
lution (noise, air, and water quality; chemical exposure) and 
social: interaction with relationships, family, friends, ani-
mals, or pets. While there is strong evidence that social isola-
tion is a risk factor for depression, and that social support can 
be potentially protective in depression, there remains only 
weak evidence for other elements. Intuitively, exposure to 
nature may provide theoretical benefits for general health. 
Studies have confirmed this association even when consid-
ered independent of PA [52], though exercising in nature may 
synergistically increase well-being beyond that observed in 
an urban setting [53]. Evidence around “nature-assisted” 
therapy, for example, nature hikes, suggests a therapeutic ef-
fect. A review [54] found health improvements in 26 out of 
29 studies. Of course, it is possible that the mechanisms un-
derpinning such effects may be related to exposure to fresh 
air and sunlight. However, there remains an inconsistent re-
lationship between seasonal variations and depression [55, 
56]. Benefits of sunlight on mental health may be mediated, 
in part, by vitamin D [57]. On the other hand, when this has 
been studied in multiple sclerosis populations, greater ex-
posure to sunshine was shown to decrease depression in the 
absence of a correlation with vitamin D levels [58]. Overall, 
when the use of vitamin D supplements for the treatment of 
depression has been evaluated, conflicting evidence has been 
observed [9, 57, 59].

Other emerging environmental factors range from ex-
posure to noise pollution to technological devices. Indeed, 

continual hyperstimulation is a theoretical concern for both 
cognitive and mental health. Environmental toxins have a 
potential adverse effect on the central nervous system [60], 
inducing neuro-inflammation, oxidative stress, cerebrovas-
cular dysfunction, and microglial activation, and potentially 
altering the blood–brain barrier [60]. Animal studies inves-
tigating exposure to ambient fine airborne particulate matter 
(compared with filtered air), demonstrated effects on both 
cognitive and affective responses of mice [61]. In fact, long-
term air pollution led to more depressive-like responses and 
impairments in spatial learning and memory compared to ex-
posure with filtered air. A longitudinal study of 537 elderly 
Koreans revealed that exposure to air pollution was associ-
ated with an increase in depressive symptoms [62]. Never-
theless, there is still inconsistency in the literature and more 
research is required. In respect to pet “ownership”, a recent 
Scandinavian cross-sectional study was conducted of 12,093 
older adults ( 65 years of age) who were non-pet owners, cat 
owners, and dog owners to determine any relationship be-
tween animal ownership and depression/anxiety levels. Re-
sults revealed no interactions were recognized between pet 
ownership and subjective general health status, loneliness, 
or marital status, while no data was present supporting lower 
depression or anxiety in cat or dog owners versus non-pet 
owners [63].

Review of Clinical Considerations

The associated benefits of lifestyle medicine largely relate 
to the long-term sustainability of self-management and treat-
ment effects. Whilst this is particularly true for those with 
mild to moderate depression symptoms for whom lifestyle 
intervention alone can be particularly effective, exercise, for 
example, has been show to produce small effect sizes be-
tween 0.2–0.5 [22] in those with clinically diagnosed depres-
sion. For those with symptoms of greater intensity, lifestyle 
interventions are rarely prescribed as first-line treatment but 
rather in conjunction with pharmacotherapy. Indeed, the ben-
efits of adjunctive treatments can go beyond self-reported 
improvements in symptomatology. The Understanding the 
Prognostic Benefits of Exercise and Antidepressant Thera-
py (UPBEAT) trial demonstrated that a combined exercise/
pharmacotherapy intervention for coronary patients provid-
ed the additional benefit of improving cardiac biomarkers 
including heart rate variability [64]. Regardless, while it is 
currently unknown whether lifestyle modifications in gener-
al are augmenting beyond the effect of antidepressants, these 
interventions can be safely combined with medication, and 
thus represent a benign adjunctive approach.

However, there are a range of barriers preventing people 
from implementing lifestyle change, including motivational 
issues, time restrictions, financial limitations, perspective 
around the source of difficulties, and treatment priorities. 



286 J. Sarris and A. O’Neil

Ownership over one’s own self-management and a sense 
of shared partnership in the development and planning of 
treatment could be of benefit. Collectively, the weight of 
evidence supports different aspects of lifestyle medicine in 
the management of depression, favoring a personalized and 
step-wise approach. Readiness to change is the foundation of 
lifestyle modification and is concordant with the trans-theo-
retical model [65]. Embarking on this strategy is appropriate 
for patients who are beyond pre-contemplation [65].

Clinicians should understand the importance of nutrients 
that are critical for healthy neurological function (e.g. mag-
nesium, folate, zinc, and essential fatty acids) and, from a 
dietary intake perspective, the foods in which they are pre-
dominantly found, such as leafy green vegetables, legumes, 
whole grains, lean red meat, and fish. Polyphenol-rich foods 
(e.g. berries, tea, dark chocolate, wine, and certain herbs) 
have also been shown to promote cognitive and cardiovas-
cular function [66, 67]. In concordance with dietary recom-
mendations for other common inflammatory based disor-
ders, whole foods intake should be augmented and processed 
food intake reduced. Indeed, the potential benefits of the 
Mediterranean diet in potentially preventing mental health 
symptoms, as observed in the PREDIMED study, should be 
remembered [7]. There is also burgeoning epigenetic and 
other evidence identifying the role of preconception and an-
tenatal maternal eating patterns as a key component of early 
programming of offspring, whereby poor antenatal dietary 
intake can result in mental health problems in offspring [68], 
or perhaps even more astoundingly, result in permanent phe-
notypic changes in offspring [69].

Clinical guidelines for exercise recommend physician 
assessment (or referral to an exercise physiologist) before 
commencing a new regime, which should consist of moder-
ate to vigorous aerobic exercise (30–60 min) in addition to 
anaerobic weight-bearing exercises approximately 4–6 days 
per week [70, 71]. Regarding the dosage and type of exer-
cise for recommendation, the evidence suggests that regular 
moderate to strong intensity exercise elicits the most positive 
effects in improving mood [72, 73]. Exercise within the con-
text of nature and a socially rich environment may be useful 
on theoretical grounds.

The integration of meditative practices can be readily in-
corporated into most people’s lifestyle, in a formal way (e.g. 
yoga) or employing unstructured mindfulness techniques 
(mindful walking or eating, breathing exercises). For the 
former, it is advised that individuals practise under a quali-
fied instructor, proceeding in a graded manner (it is recom-
mended that patients with comorbidities such as glaucoma or 
osteoporosis proceed with caution).

Due to its impact upon depression risk and treatment [74, 
75], routine clinical assessment around alcohol consumption 
is appropriate, differentiating and managing problem drink-
ing and psychoeducation around modest alcohol consump-
tion and prevention of heavy and/or binge drinking. Clini-
cians should be cognizant of potential interactions between 

alcohol and medications. Like many targets for behaviour 
change, techniques that combine motivational interviewing 
and cognitive behavioural therapy may be beneficial for dual 
diagnoses [76, 77]. Similarly, evidence-based smoking ces-
sation interventions should be employed for smokers [78]; 
the adjunctive use of PA has been shown to be a protective 
strategy against relapse in quitters [79]. While the act of ces-
sation is commonly associated with withdrawal symptoms 
including aggravation of the depression itself [80], symp-
toms are likely to dissipate once the neurochemical set point 
has readapted to the absence of nicotine. Despite an absence 
of data from smoking cessation trials examining changes in 
depression risk, other data suggest that quitting is related 
to better social functioning and self-perceived health status 
[81].

There is a range of sleep hygiene techniques that can be 
used to counteract poor sleep or insomnia. Augmenting caf-
feine use, limiting exposure to sunlight [82] and/or the bed, 
and adherence to strict sleep/wake times [83] each help to 
promote regulation of the circadian rhythm [84]. Other sleep 
hygiene advice includes reducing stimulants or caloric in-
take close to sleep to avoid rebound hypoglycaemia. Other 
lifestyle targets of interest to clinicians may be promoting 
adequate exposure to sunlight for vitamin D enhancement 
and serotonin turnover ([85]; notwithstanding skin cancer 
risks, including time of day, season, and skin pigmentation/
complexion). Despite a paucity of data with respect to its as-
sociation with depression, limiting exposure to environmen-
tal toxins, chemicals pollutants [60], and noise pollution [86] 
is also recommended. In the future, the moderation of exces-
sive technological interface (e.g. mobile phones, computers, 
and television) may also emerge as a clinical recommenda-
tion in the context of lifestyle medicine [87].

Case Study

Overview
SG is a 29-year-old female who reports a 4-week history of 
episodic low mood, general fatigue, and apathy. She has no 
suicidal ideation. SG has limited desire to commence antide-
pressant medication and is interested in changing some as-
pects of her lifestyle to improve her mood and overall health. 
Her diet has been poor of late, and she reports slipping into a 
pattern of late nights on the Internet, with no physical activ-
ity, and smoking (half pack of cigarettes per day) and drink-
ing alcohol excessively (15–20 units of alcohol per week). 
SG has been recently diagnosed with an episode of minor 
depression.

Suggested Initial Prescription
After thorough case taking, diagnostic screening, and chart-
ing of mood level and suicidality risk, SG is provided some 
options about various elements of her lifestyle that can be 
modified to improve her general mental and physical health.
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It is collaborately decided that for the next 2 weeks she 
will focus on three main areas:

1. To get to bed between 10.30 pm–11.30 pm and initiate 
sleep hygiene measures (e.g. low evening light, reduced 
computer use, and reduced stimulants)

2. To walk to work 2–3 times per week (3 miles) and swim 
on the weekend

3. To make an attempt to reduce refined sugars and pro-
cessed foods, and increase lean protein, fruits and veg-
etables with color, nuts, and omega-3 rich foods

Follow-up Prescription
After reporting an increase in mood and energy, SG is inter-
ested in some further advice to improve her health and well-
being. It is decided she will now:

1. Take a slightly longer route walking to work via the local 
park (green space time)

2. Spend more time socializing in person and less time on 
the Internet

3. Attempt to reduce cigarette and alcohol consumption

Prescriptive Considerations
It is important that the clinician develops a working plan in 
concert with the patient to promote change that is achievable 
in a graded manner. The use of an actual written “prescrip-
tion” of these proposed lifestyle modifications is helpful as 
a formalized medical intervention as opposed to being re-
garded as general advice. The description of specific aspects 
to change can be detailed in the prescription, for example 
which foods to introduce or reduce, type/duration/intensity/
modality of exercise, and sleep hygiene elements. If mood 
significantly worsens then medication and/or psychological 
intervention is advised, although the lifestyle modifcations 
should be maintained.

Summary

While many factors, including genetics, personality, cogni-
tion, and environmental stressors, contribute to the etiology 
of depression, lifestyle plays an important role in the dis-
order’s pathogenesis. Targets for lifestyle modification exist 
and have application in front-line clinical care alongside 
pharmacotherapies and psychological techniques. These tar-
gets can promote responsiveness to treatment as well as bet-
ter self-management of depression. While preliminary data 
in this area of research are promising, rigorous research is re-
quired to address the long-term application of lifestyle medi-
cine for depression prevention and management. Studies 
exploring lifestyle modification involving multiple lifestyle 

elements are needed, though often difficult to enact, in order 
to elucidate effects. In any case, there is wide agreement that 
a more integrative approach for depression is required, and 
the evidence suggests that lifestyle modification be a routine 
part of treatment and considered for preventive efforts.
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Introduction

Persistent pain presents a substantial challenge for patients 
with regard to continuing or adopting healthy lifestyle be-
haviors; health-care providers need to address this challenge 
with a coordinated, continuous approach informed by psy-
chological research. In this chapter, evidence is reviewed 
about conditions associated with persistent pain and their 
interactions with lifestyle behaviors. Additionally, specific 
interventions are described that promote psychological ac-
ceptance and improved engagement in daily activities, even 
among patients with chronic pain. Acceptance and commit-
ment therapy (ACT) (pronounced as the word “act”) is an 
evidence-based approach to treating chronic pain [1–6] and 
can be adapted to various primary care and specialty care 
settings [7, 8]. ACT interventions include values clarifica-
tion and values connection exercises, mindfulness practices, 
and activities that promote commitment to change.

Many pain management specialists believe the term “per-
sistent pain” is useful in describing chronic pain conditions 
because it promotes attention to the ways pain may interrupt 
functioning, well-being, and quality of life. Here, chronic 

pain and persistent pain are used interchangeably in discus-
sions focusing on interactions among the experience of pain 
and smoking, reduced physical activity, and depressive be-
haviors, such as lack of engagement in social activities.

The International Association for the Study of Pain de-
fines pain as an “unpleasant emotional and sensory experi-
ence associated with actual or potential tissue damage…” 
[9]. Acute pain generally results in tissue damage from a sud-
den injury or from surgery and is often accompanied by emo-
tional discomfort [10]. While unpleasant, acute pain is useful 
in conveying to the person that there is something wrong. 
Without this signal or warning, the person might experience 
further bodily harm. In the case of acute pain, the source of 
the pain is usually clear, and once treated, the pain resolves 
[10]. Chronic pain is pain that is pervasive, usually lasting 
for at least 3–6 months or lasting longer (than what is a rea-
sonably expected time frame for the injury to heal). It often 
occurs in the absence of a clear organic etiology; however, 
this does not diminish the perception of pain in the patient 
[10]. A patient’s experience of pain maps closely with physi-
ological, emotional, behavioral, and psychological states. 
Environmental or psychosocial stressors may combine with 
these states and amplify the pain experience. Whatever the 
source of the pain, injury, or illness, pain that does not re-
solve with medical treatment may have a pervasive impact 
on lifestyle and general quality of life.

Conditions Associated with Persistent Pain

Musculoskeletal Disorders

One of the most common causes of chronic pain is muscu-
loskeletal pain, which affects the muscles, ligaments and 
tendons, bones, and nerves. It may be acute or chronic, or 
it may be generalized or localized. Common causes of mus-
culoskeletal pain include injury, overuse, poor posture, and 
immobilization [11]. Chronic low back pain and myalgia are 
two common musculoskeletal disorders. People with these 
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conditions experience aching or stiffness, fatigue, twitching 
muscles, burning in muscles, and sleep disturbances. While 
symptoms can vary greatly among patients and according to 
the area affected, most patients report increased pain with 
movement [12]. This has a pronounced impact on patient 
engagement in various healthy lifestyle behaviors, such as 
regular exercise and even engaging in social activities out-
side the home.

Low Back Pain

Low back pain is the most common chronic pain problem 
resulting in disability [12]. Lumbar degenerative disc disease 
(DDD), a syndrome consisting of a compromised disc in the 
lumbar spine, is one of the most common causes of low back 
pain [13]. The exact cause of lumbar DDD is unknown; how-
ever, lumbar DDD is likely multifaceted and includes genet-
ic components, wear and tear, and in some cases, an impact 
injury that worsens over time. Lumbar DDD is actually a 
fairly common condition, with some disc space degeneration 
present in at least 30 % of people between 30 and 50 years of 
age [13]. After the age of 60, lumbar DDD is common [13]. 
Lumbar DDD may be of limited concern to many adults, as 
many have these structural abnormalities without any associ-
ated pain. Interestingly, some people will experience lumbar 
pain and have no structural abnormalities [13]. This incon-
gruence is one of the challenges in treating low back pain. 
Patients without a loss in disc space often struggle to accept 
that the assessment did not reveal structural damage, given 
their experience of pain and the toll it has had on their lives 
over time.

Joint Disease

Joints are another common area identified by patients report-
ing chronic pain. Joints connect two or more bones, such as 
the knee, hip, elbow, and shoulder [14]. Joint damage may 
occur through injury or disease. Another well-known cause 
of chronic pain is arthritis, a condition associated with joint 
inflammation, pain, stiffness, and swelling. The most com-
mon type of arthritis is osteoarthritis, which is related to 
aging and may develop from an injury. Rheumatoid arthritis 
is an autoimmune disease, and is often diagnosed in people 
under 45 years of age and may occur in children. Bursitis, or 
the inflammation of the fluid-filled sac that provides cush-
ioning for joints, muscles, tendons, or skin, is another painful 
joint condition and may be brought on by either overuse or 
injury [14].

In addition to musculoskeletal problems, low back pain, 
and joint disease, there are many other pain syndromes, in-
cluding chronic fatigue syndrome, endometriosis, fibromy-

algia, systemic lupus erythematosis, inflammatory bowel 
disease, interstitial cystitis, temporomandibular joint dys-
function, headaches, migraines, and vulvodynia, among oth-
ers. Medical debilitation and frailty—the loss of strength and 
vigor—can accompany most of these conditions. Concomi-
tant with debilitation, patients often experience problems 
with occupational functioning which can lead to financial 
problems. While losing their usual income, patients often 
also experience high medical costs. The result is limited re-
sources—financial and emotional—to care for themselves 
and their families.

Lifestyle Factors and Debilitation

The level of debilitation patients with various medical prob-
lems associated with chronic pain experience may be exac-
erbated by numerous lifestyle factors. For example, tobacco 
use can worsen chronic pain, subjective patients’ levels of 
pain, and overall functioning [15]. Specifically, individuals 
who smoked reported not only higher overall levels of pain 
but also greater impairment in physical activity, mood, work, 
social relationships, sleep, and overall life enjoyment. Fur-
thermore, higher levels of nicotine dependence were associ-
ated with greater impairment in work, overall life enjoyment, 
and self-reported pain levels [15]. Tobacco use among pa-
tients with chronic pain is also associated with greater use of 
opioids [16]. All in all, when treating individuals for chronic 
pain, tobacco use needs to be addressed.

Symptoms of depression are common among patients with 
chronic pain. While available data do not address causation, 
patients diagnosed with major depressive disorder have been 
found to be four times more likely to have disabling chron-
ic pain than those without this diagnosis [17]. Patients with 
chronic pain who experience significant symptoms of depres-
sion also report greater pain intensity [16]. Along with higher 
levels of depression, primary care patients with chronic pain 
report lower levels of perceived health [18]. Poorer quality of 
life has been found to be associated with lack of sleep and emo-
tional difficulties among patients with musculoskeletal pain 
[19]. Research has also found alcohol habits to be associated 
with a poorer quality of life in patients with chronic pain [19].

Being overweight or obese is a factor that may not only 
complicate the treatment of chronic pain but also impair 
quality of life. While data assessing the directional relation-
ship between obesity and chronic pain are not available, the 
relationship between weight and chronic pain is documented 
in a number of disorders, including low back pain and os-
teoarthritis [20]. Janke and colleagues hypothesize that as 
an individual gains weight, there is increased structural de-
mand, which may result in bone and joint pain [20]. Obesity 
is related to metabolic problems (e.g., diabetes), which may 
also result in neuropathy and other pain-related complaints. 
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Weight gain may additionally cause or increase pain as a re-
sult of decreased mobility and reduced activity level [20].

Acceptance and Commitment Therapy

General Remarks

The American Psychological Association (APA) provides a 
list of evidence-based interventions for chronic pain that in-
cludes ACT [21]. ACT is one of several new cognitive and 
behavior therapies referred to as the “third wave” of behav-
ior therapy [22]. As its name suggests, ACT seeks to promote 
acceptance of unwanted private experiences (e.g., “This pain 
is killing me”) through the application of various mindful-
ness strategies (e.g., “I have a dull ache in my back and I am 
sitting in a room listening to my child play the piano”). These 
strategies include moving from a participant perspective (“I 
hate this pain and I can’t make it go away”) to an observer 
perspective (“I have pain and an emotional response of sad-
ness and frustration to it; I don’t deserve this pain; I just have 
it; I can have love and enjoyment in my life, along with pain; 
I can make choices in this moment about my lifestyle behav-
iors; healthy lifestyle behavior will help me pursue more of 
what matters to me in life”). They also include methods to 
help the patient contact the present moment. For example, 
by momentarily connecting with a sensory experience (such 
as what it is like to have a tongue). ACT interventions help 
patients disconnect from the literal aspects of private expe-
rience (including thoughts, feelings, memories, sensations, 
images, etc.).

As the “C” in ACT suggests, the overarching goal of 
ACT is to help the patient develop skills for “committing” 
to healthy lifestyle behaviors in a psychologically flexible 
manner. As the patient with chronic pain makes gains in 
healthy lifestyle behaviors, he or she is more able to pursue 
directions in life consistent with vitality, purpose, and mean-
ing. Because it is not possible to “get rid” of pain or thoughts 
about pain (e.g., “I must get rid of this pain”; “There must 
be another treatment”), the patient with chronic pain needs 
extraordinary skills for accepting and acting with pain.

Central to the ACT view is that suffering and loss of vital-
ity occur when a patient over-relies on avoiding or eliminat-
ing distressing thoughts, feelings, memories, or sensations 
related to pain. This pain avoidance agenda leads to progres-
sively more behavioral and experiential avoidance strategies 
over time, such as taking more pain medications, increasingly 
restricting physical and social activities, using nicotine for a 
short-term lift in mood, and overeating comfort or favorite 
foods. The result is an escalation of unhealthy lifestyle behav-
iors and ongoing loss of meaning. Healthy lifestyle behaviors 
and pursuit of a meaningful life are inextricably intertwined.

Evidence Supporting ACT Treatment of Chronic 
Pain

Support of the use of ACT with chronic pain includes six 
randomized controlled trials [1–6]. Additionally, a number 
of partially controlled trials [23–25] and several effective-
ness studies [26, 27] suggest that ACT is a useful approach 
for helping patients with chronic pain. In these studies, aver-
age effect sizes across outcome domains are large in early 
follow-up (0.85–0.89) and moderate 3 years posttreatment 
(0.57) [28]. Consistent positive effects associated with ACT 
interventions include increased physical and social function-
ing (measured by the Sickness Impact Profile) and decreased 
pain-related medical visits (even 3 years following treatment).

In addition to outcomes, most ACT trials concerning 
chronic pain have investigated treatment processes. Results 
indicate that increases in acceptance of pain correlated with 
improvements during treatment in the form of reduced anxi-
ety, depression, and disability [24, 26]. Additionally, increas-
es in consistency between daily behaviors and values cor-
related with reductions in anxiety, depression, and disability 
at 3-month follow-up [26]. Finally, increases in acceptance 
of pain, general psychological acceptance, mindfulness, and 
value-consistent behaviors during the active phase of treat-
ment significantly correlated with improvements in anxiety, 
depression, and disability, at a 3-month follow-up, indepen-
dent of changes in pain [27].

Intervening: Open, Aware, and Engaged

Patients with chronic pain need to learn new skills in order 
to reverse the lifestyle-harming cycle of pain avoidance 
and move toward adoption of healthy lifestyle behaviors. 
These skills include those that (1) help patients open up to 
the experience of pain, (2) promote a better awareness of 
present-moment experience and differing perspectives on 
the pain experience, and (3) engender better engagement in 
life activities reflective of their values. Some patients will 
have strengths in one or more of these central areas and the 
health-care professional can determine this through the re-
sults of the clinical interview. Figure 26.1 provides a graphic 
representation of the six processes involved in the ACT ap-
proach to persistent pain. Figure 26.2 offers a flexibility grid 
(open, aware, and engaged) for health-care professionals to 
use in assessing relative strengths and weaknesses of indi-
vidual patients in these areas.

Patients who are weak in the first area (open) tend to be 
fearful of pain and to see it as dangerous; they may report 
anxiety and depression. To help them make gains in this area, 
health-care professionals can suggest “noticing and naming” 
strategies [29]. Noticing involves watching for thoughts, feel-
ings, and sensations, and allowing them to come and go (as 
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they quite naturally do). Naming involves giving thoughts, 
feelings, and sensations a name. The name may simply be a 
frame, such as “I am having the thought that I can’t do any-
thing I want to do because of this pain.” Alternatively, naming 
may be a simple descriptive term, such as “feeling,” “think-
ing,” “sensing,” or “starting to tell an old familiar story about 
pain.” The key component of interventions that promote open-
ness is that they promote acceptance. Acceptance is not the 
same as “liking something” or “giving up,” but is more akin to 
“allowing” or “making room” for what is already there.

A second core skill area is that of awareness (aware). Pain 
is a commanding experience and it can easily rob a patient 
of attention, ability to sustain focus, and the capacity to shift 
flexibly among perspectives. When weak in this skill area, the 
patient may seem distracted by pain sensations (e.g., shifting 
uncomfortably in his seat), experience difficulties with receiv-
ing medical information and instructions, and tell a repeated 
story about his initial injury (or diagnosis) and failed medi-
cal procedures. There is a feeling of nothing new, fresh, or 
immediate in these stories. Interventions that help the patient 
become more aware include those that help the patient tune 
in to immediate sensory experience (such as the sensation on 
his legs created by contact with the chair he is sitting on, the 
rise and fall of his chest when he breathes, or the sounds in 
the room or clinic where more behavioral choice is possible). 
Learning to shift awareness from internal experience to ex-
ternal experience helps a patient learn to experience pain in 
a larger context where it is less compelling and where more 
choice and less automatic responding are possible.

Another intervention that may help patients with deficits 
in this area is introducing the idea of how all humans have 
stories that they tell about themselves. Some of the stories 
(e.g., “I am a hard worker… I did this…”) are helpful when 
they are told in the right context, such as a job interview. 
However, some stories (e.g., “I am damaged… I can’t go 
for a walk… I’ll pay for it!”) may not promote behavioral 
choices (e.g., going for a walk) that would be a step toward 
the start of a healthier lifestyle and, in some cases, a differ-
ent story (e.g., “I have back pain and I walk for my health”). 
Even in brief visits, providers can help patients better hear 
their stories, evaluate their stories’ impact or workability, 
and identify them with brief nicknames.

Fig. 26.3  The Bull’s-Eye Plan

 

Fig. 26.2  The flexibility grid

 

Fig. 26.1  The acceptance and commitment therapy approach to per-
sistent pain
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The third skill area that many patients with persistent pain 
are in need of remediating is that of clarifying and connect-
ing with their values (engage). When pain becomes chronic, 
patients often spend more and more time trying to control or 
avoid it. As a consequence, they tend to drop out of valued 
activities, such as being a leader in their family or a worker 
drawing an income for delivering a useful service. As discon-
nection from valued activities progresses, many patients with 
chronic pain experience symptoms of depression. They may 
try to avoid this by, for example, taking medications or using 
alcohol that helps numb their emotional experience, or by with-
drawing from social activities in an effort to hide their feelings 
from others. Health-care professionals can help patients con-
nect with their values by discussing them with the patient. The 
Bull’s-Eye Plan (Fig. 26.3) is a great intervention for identify-
ing patient values in the three basic areas of life: love (or rela-
tionships with family, friends, or pets), work (paid or volunteer) 
or study, and play (including spiritual and other restorative ac-
tivities) [30]. Figure 26.4 provides directions for health-care 
professional use of the Bull’s-Eye Plan in initial and follow-up 

Ask the patient to choose Love, Work, or Play as a focus for a short discussion about
values. Ask the patient to explain what is important to him or her in each area of life.

1.

2.

3.

4.

5.

6.

7.

8.

Listen closely, re ect what you heard and then write a statement on the Bull’s-Eye Plan
using the words (global, abstract) the patient used in talking about the value.

Explain that the Bull’s-Eye on the target represents the patient’s hitting her / his value
target on a daily basis (and explain that most of us fall far short of that on a day to day
basis, but knowing the targets helps us making choices, set goals, and implement plans).

Ask patient to choose a number to represent how close to the Bull’s-Eye value statement
her/his behavior has come over the past 2 weeks.

Ask patient to plan 2 speci�c behavior experiments for the next 2 weeks that patient
believes will make her / his behavior more value consistent (closer to the Bull’s-Eye
target).

If time allows, rate the patient’s current functioning level in one core area on the
Flexibility Grid (see Figure 2). This will provide a baseline against which you can judge
the impact of the Bull’s-Eye Plan.

If time allows in an initial or follow-up visit, teach a skill to help the patient improve skills
for accepting distressing thoughts about pain (OPEN), being more skillful in �nding the
present moment and taking an observer perspective on pain (AWARE), or clarifying and
connecting with important life values and lifestyle behaviors consistent with those values
(ENGAGED).

At follow-up, ask patient to re-rate and identify barriers to engaging in planned behaviors.

Fig. 26.4  Guide for using the Bull’s-Eye Plan

 

visits. The Bull’s-Eye Plan is a great method for filling in gaps 
in health-care services, as it may start in specialty or primary 
care contexts and be supported as the patient steps up and steps 
down in levels of care. Robinson, Gould, and Strosahl provide 
more information about the use of the Bull’s-Eye Plan with 
ongoing care of primary care patients with chronic pain [7]. 
Strosahl, Robinson, and Gustavsson [29] provide extensive in-
struction for use of the open–aware–engaged approach as an 
approach to both assessment and intervention.

Lifestyle Change in Patients with Chronic Pain: 
The NEEDS Approach

As patients learn to be more psychologically flexible in ad-
dressing the difficult problems associated with persistent pain, 
they gain confidence in approaching lifestyle changes. The nu-
trition, exercise, enjoyment, don’t smoke or drink, and sleep 
(NEEDS) approach supports providers and patients in their 
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efforts to systematically address lifestyle behavior change. 
Table 26.1 provides an explanation of the NEEDS approach.

The NEEDS approach may be useful as a tip sheet for 
patients with chronic pain. Additionally, it can serve as a 
starting point for health-care professional and patient con-
versations about lifestyle change. Ideally, the health-care 
professional can help a patient identify a priority area from 
the patient’s perspective. It is best to start with one area and 
only discuss other areas when the patient is making progress 
in the initial area of interest.

Assessing Outcomes

In assessing outcomes, providers need to look at patient gains 
in lifestyle goals, individually and collectively. The NEEDS 
approach can be built into the electronic health record (EHR) 
and providers can use a rating scale of 1–10 (1 = weak life-
style behavior and 10 = strong lifestyle behavior) to assess 
progress. The Bull’s-Eye consistency score may also be built 
into the EHR. Finally, a quality-of-life measure is recom-
mended at all visits such as the Duke Health Profile [31]. 
These functional approaches are far superior to pain intensity 
ratings, as this measure likely reflects a great deal of varia-
tion that is generally not under the patient’s or the provider’s 
control. Furthermore, most patients would prefer to have a 
meaningful life—a high quality of life (even with pain)—to 
a life disconnected from their values and free of pain.

Case Example: Anne

Anne is a 45-year-old woman with rheumatoid arthritis. She 
works as a reading specialist in an elementary school. In 
order to function at work, she added opioids to her long list 
of medications several years prior to her consultation with 
her new rheumatologist. Anne’s husband had died suddenly 
a year earlier and she had steadily increased her opioid dose 
and started medications for anxiety and depression. She had 
stopped her daily walks, was eating more at night and less 
in the morning, had gained 18 lb in the past year, and admit-
ted to having a drink or two every evening before dinner. 
Dr. Anderson introduced the Bull’s-Eye Plan in her initial 
consultation with Anne. They talked about her values in re-
gard to relationships, particularly her relationships with her 
two children (one in high school and one in college). Anne 

did not feel her behavior was consistent with her values as a 
parent and wanted to improve on the model she was provid-
ing for her children. Anne set initial goals of taking a morn-
ing walk on weekends and avoiding alcohol on work nights. 
Additionally, she agreed to explore relaxation apps on the 
Internet and to practice exercises from one she found to be of 
interest. Dr. Anderson made adjustments to Anne’s medica-
tions and sent a summary of the consult to Dr. Meyer, Anne’s 
primary care provider. Anne followed up with Dr. Meyer 2 
weeks later and reported (when asked) that she was work-
ing on her Bull’s-Eye Plan. Specifically, she was now walk-
ing on several afternoons as well as on weekends. She had 
significantly reduced alcohol consumption. She had found a 
relaxation app that she liked and some meditation music as 
well. She and a woman friend were now making a couple 
of meals on the weekend together, so that they would have 
food prepared for healthy lunches during the work week. A 
behavioral health consultant (BHC) had recently joined Dr. 
Meyer’s primary care practice and offered a monthly class 
on behavioral strategies for managing chronic pain (for more 
information on BHC services, see Robinson and Reiter [32]). 
When Dr. Meyer suggested that Anne consult with the BHC 
about strategies for reducing her dose of opioids and begin 
attending the class, she readily agreed. In the class, Anne re-
ceived consistent support on making value-based behavior 
changes and continuing to improve her lifestyle goals. When 
barriers arose, she discussed them in the class and learned 
new strategies for addressing them (including how to be 
more open, aware, and engaged).
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Abbreviations

AD Alzheimer’s disease 
AMP Adenosine monophosphate 
ANS Autonomic nervous system 
APP Amyloid precursor protein 
BDNF Brain-derived neurotrophic factor 
CERAD  Consortium to establish a registry for Alzheimer’s 

disease 
CSF Cerebrospinal fluid 
CVD Cardiovascular disease 
HRV Heart rate variability 
HDL High-density lipoprotein 
IER Intermittent energy restriction 
LDL Low-density lipoprotein 
PD Parkinson’s disease 
T2D Type-2 diabetes

Introduction

Emerging findings suggest that optimal brain health is pro-
moted by a healthy lifestyle that includes intermittent physi-
cal and intellectual challenges. Four such challenges to brain 
cells are intermittent fasting, exercise, cognitive stimula-
tion, and phytochemicals in fruits and vegetables. Detailed 
reviews of the scientific literature on these topics have re-
cently been published [1–5]. One major reason that these dif-
ferent challenges benefit brain function is that they impose a 
mild stress on brain cells, similar in many ways to the stress 
that occurs in muscles and the cardiovascular system dur-
ing vigorous exercise. The (good) stress the neurons expe-
rience includes metabolic (reduced energy availability and/
or increased energy demand), oxidative, and ionic (resulting 
from increased electrical activity/membrane depolarization) 

stress. As described below, neurons respond adaptively to 
the mild stress of intermittent challenges by engaging signal-
ing pathways that boost cellular energy metabolism, increase 
stress resistance, and enhance repair or removal of damaged 
molecules and mitochondria. These adaptive response mech-
anisms are examples of hormesis and have presumably been 
selected for during evolution because they provide a survival 
advantage [6–8]. For example, when food availability is lim-
ited, individuals most likely to survive and produce offspring 
are those whose brains function optimally so that they can 
outwit their competitors to acquire food. This evolutionary 
perspective is consistent with the evidence that food depriva-
tion (fasting) and running (e.g., to catch prey) improve cog-
nitive function [2].

In modern industrialized societies, inexpensive high-
calorie-density processed food is omnipresent, and for 
many occupations, the need for vigorous physical activity 
is nonexistent. As a result of this lifestyle, cells, tissues, and 
organ systems experience a chronic state of metabolic com-
placency resulting in an increased susceptibility to dysfunc-
tion and disease. While being overweight and sedentary has 
long been known to promote cardiovascular disease (CVD), 
type-2 diabetes (T2D), and some cancers, only recently has 
it become clear that a “couch potato” lifestyle can also en-
danger the brain, rendering it vulnerable to Alzheimer’s dis-
ease (AD), Parkinson’s disease (PD), and ischemic stroke [2, 
9]. The ability of brain cells to respond adaptively to stress 
is reduced during normal aging, with age being the major 
risk factor for AD, PD, and stroke [10]. While there remains 
much to learn about why an overindulgent sedentary lifestyle 
promotes deterioration of the brain, the evidence described 
below suggests that an important factor is a decline in the 
brain’s cellular and molecular defenses against stress. It is 
therefore likely that regular intermittent challenges through-
out adult life will reduce the risk of age-related brain dis-
eases.
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Evaluation of Cognitive Domains in the Clinical 
Setting

There are four major cognitive domains that should be evalu-
ated in patients referred for evaluation for the insidious de-
velopment of symptoms of mild cognitive impairment and 
AD: (1) short-term memory related to hippocampal func-
tion, (2) language related to function of neuronal circuits in 
the region where the parietal and temporal lobes abut in the 
dominant hemisphere, (3) visual—spatial function, and (4) 
executive functions (e.g., working memory, problem-solv-
ing, reasoning) mediated by the frontal lobes [11]. Ideally, 
the interview and testing is done in the presence of a spouse 
or other person who regularly spends time with the patient 
and who can provide insight into problems in daily function-
ing of the patient. Before administering specific tests of each 
domain, it is important to interview the patient and their fam-
ily member regarding daily functioning of the patient and 
specific instances where the patient has demonstrated dif-
ficulties that may be related to cognitive impairment.

There are several well-established and validated tests for 
each of the four cognitive domains (Table 27.1). Because a 
deficit in short-term memory is a hallmark of cognitive im-
pairment in AD that is associated with neuronal degeneration 
in the hippocampus, this domain should be tested rigorously. 
A delayed recall test is used to evaluate short-term memory. 
The patient is typically asked to remember three unrelated 
words. The subject is then asked to perform an “interference 
task” such as counting backwards from 100 by 8s, or draw-
ing a picture of a clock or building to distract their attention 
from the three words. If the patient has difficulty in recalling 
the three words, then they should be given a second chance 
to memorize the words and a second interference task admin-
istered. Difficulty in recalling the three words a second time 
suggests a deficit in short-term memory. Two general meth-
ods for evaluating language capabilities are to ask the patient 
to follow a series of at least three commands; for example, 
stand up, hold your right hand over your head, and touch 
your nose with the index finger on your left hand. Patients 

in the early stages of AD patients will often have difficulty 
in remembering all three commands. Even when language 
comprehension and the ability to carry on conversations ap-
pear relatively normal, testing semantic fluency can be infor-
mative. The patient is given 1 min to name as many words in 
a designated category (e.g., words beginning with the letter 
s or names of animals). Eleven words or more in 1 min is 
normal. Visuospatial ability is tested by asking the patient 
to draw a three-dimensional cube, for example. Executive 
functions involving complex pattern processing are mediated 
by the highly evolved frontal lobes [12]. Commonly used 
tests of executive functioning include asking the patient to 
perform a sequence of movements that you demonstrate to 
them; a “Trails B” test in which the subject is asked to draw 
a continuous line connecting numbers and letters randomly 
distributed on a sheet of paper (1-A-2-B-3-C, etc.); the clock-
drawing test in which the subject is asked to draw a clock 
with the hours (1–12) in their proper location and with the 
hands on the clock set to a specific time (e.g., 11:45).

Because performance on any of the cognitive tests can 
be influenced by factors such as stress, recent illness, etc., 
it is important to repeat testing periodically over a period of 
several years to solidify conclusions regarding the probabil-
ity of the patient being affected by AD or other age-related 
dementias.

Intermittent Energy Restriction Promotes 
Optimal Brain Function and May Forestall Neu-
rodegenerative Diseases

The phenotypes of modern humans were molded during 
evolution in environments where food was less abundant 
and obesity was likely absent. As with many other species, 
humans are therefore genetically programmed to thrive in 
environments in which meals are eaten sporadically (e.g., 
3–6 meals/week) and physical activity is required to obtain 
sustenance and avoid hazards. The latter type of conditions 
can be modeled in laboratory animals by intermittent energy 

Table 27.1  Cognitive tests used to evaluate patients for mild cognitive impairment and Alzheimer’s disease
Cognitive test Domains
CERAD Word List Recall Memory
CERAD Word List Recognition Memory
Memory of three phrases Memory
Recall of drawings Memory
Mini-Mental State Examination Memory, attention, and language ability
CERAD Boston Naming Test Language ability
Categorical verbal fluency Language ability
Wisconsin Card Sorting Test Executive function
Phonological Verbal Fluency Test Executive function
Trail-Making Test Attention
Clock-Drawing Test Visuospatial abilities

CERAD consortium to establish a registry for Alzheimer’s disease
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restriction (IER) diets such as alternate-day food deprivation 
[1] and by provision of running wheels on which mice and 
rats often run over 5 km/day [13]. In this section and the 
next section, study findings are summarized concerning the 
effects of IER and exercise, respectively, on the brain in rela-
tion to vulnerability of neurons to dysfunction and degenera-
tion.

Before describing the evidence that IER diets benefit the 
brain, it is important to provide examples of studies in human 
subjects that have demonstrated the feasibility of IER diets 
and their effects on general health indicators. When asthma 
patients followed a diet in which they consumed only 600 
calories on alternate days (while eating normally on the in-
tervening days) their asthma symptoms and airway resistance 
improved, and markers of inflammation and oxidative stress 
were significantly reduced during the course of 2 months 
[14]. Using a similar IER diet, Varady et al. found that mark-
ers of risk for CVD (low-density lipoprotein (LDL) and high-
density lipoprotein (HDL) cholesterol and triglycerides) im-
proved significantly [15]. A randomized controlled trial of a 
more practical IER diet was performed in women at risk for 
breast cancer. Over 100 women were divided into two groups 
with the IER group consuming only 500 calories 2 days/week 
while eating normally the other 5 days, and a second calorie 
restriction group reducing their daily calorie intake by 25 % 
[16]. During the course of this 6-month study women in both 
diet groups lost weight and had improvements in various met-
abolic parameters. However, the women in the 5:2 IER group 
had a significantly greater reduction in abdominal fat, and a 
significantly greater improvement in insulin sensitivity com-
pared to the daily caloric restriction group. Over 80 % of the 
subjects on the IER diet completed the 6-month study suggest-
ing that such an IER diet may be doable for many people [16].

IER diets have been shown to protect the brain against 
dysfunction and degeneration in animal models relevant to 
AD, PD, and stroke. In mice that develop age-related ac-
cumulation of amyloid outside of cells, and neurofibrillary 
tangle-like aggregates of the protein Tau inside of neurons, 
both IER and daily calorie restriction diets ameliorate learn-
ing and memory deficits [17]. The daily calorie restriction 
reduces the amount of pathological accumulation of amy-
loid and Tau, whereas IER may not, suggesting that IER can 
protect neurons against the potentially neurotoxic effects of 
amyloid and Tau. In an animal model of PD in which mice 
produce a mutated human protein (α-synuclein) that causes 
inherited PD, an alternate-day fasting diet protected the auto-
nomic nervous system against dysfunction, whereas a high-
fat diet exacerbated the dysfunction [18]. Being overweight, 
sedentary, and having hypertension and insulin resistance are 
risk factors for stroke. When rats or mice are maintained on 
an IER diet they suffer less brain damage and have a better 
functional outcome after an experimental stroke [19].

Consistent with the results of experiments using animal 
models, there is increasing evidence from studies of human 
subjects that eating patterns can determine whether or not an 
individual develops a neurodegenerative disorder or suffers 
a stroke [20]. Epidemiological studies of human populations 
are consistent with the possibility that moderation in energy 
intake can promote healthy brain aging [9]. Being overweight 
and having T2D during midlife increases the risk of AD [21]. 
It is estimated that approximately 30 % of AD cases are attrib-
utable to modifiable risk factors, with midlife obesity, physi-
cal inactivity, and T2D being prominent risk factors [22]. 
Metabolic morbidity resulting from overeating and a seden-
tary lifestyle adversely affects brain cells by many of the same 
mechanisms responsible for its disease-promoting effects on 
the cardiovascular, renal, and other organ systems, including 
inflammation, mitochondria dysfunction, and increased oxi-
dative damage to cellular macromolecules [23]. While it was 
long thought that overeating promotes oxidative damage by 
simply increasing the production of free radicals in mitochon-
dria, recent findings suggest that an impaired ability of cells 
to respond adaptively to oxidative and metabolic stress is also 
an important factor. Thus, animals fed a high-calorie diet ex-
hibit reduced levels of antioxidant defenses and neurotrophic 
factors in their brain cells [24, 25].

IER stimulates responses of brain cells and peripheral or-
gans that together enhance the ability of the individual to 
cope with stress and resist diseases, including neurodegener-
ative disorders and stroke. In the brain, these responses may 
include production of nerve cell growth and survival factors 
such as brain-derived neurotrophic factor (BDNF), increased 
ability of cells to repair damaged DNA, increased numbers 
of mitochondria in neurons, and production of protein chap-
erones that prevent accumulation of misfolded/damaged 
proteins in neurons (Fig. 27.1) [26–28]. These adaptive 
responses of neurons result, in part, from increased excit-
atory synaptic activity in neurons involved in cognition and 
food-seeking behaviors. Calcium-activated kinases and the 
transcription factor cyclic adenosine monophosphate (AMP) 
response element-binding protein (CREB) appear to play 
important roles in bolstering neuronal bioenergetics and in-
trinsic defenses against oxidative stress [2]. Signals from pe-
ripheral tissues may also mediate neuroprotective effects of 
IER. One such factor is the ketone body β-hydroxybutyrate, 
which is generated in liver cells from fatty acids released 
from adipose cells during fasting periods of 12–16 h or 
greater. β-hydroxybutyrate can protect neurons against exci-
totoxic injury and has also been reported to ameliorate cog-
nitive deficits and attenuate neuropathological abnormalities 
in a mouse model of AD [29]. Several neuroactive hormones 
produced during fasting (e.g., ghrelin) may also contribute 
to the beneficial effects of IER on brain function and disease 
resistance [30].
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Regular Exercise Bolsters Brain Function and 
Resilience

Beneficial effects of aerobic exercise on mood and cogni-
tive function are widely experienced and well established in 
human research studies [3, 31]. Epidemiological studies have 
revealed strong associations between regular exercise and 
maintenance of cognitive function during aging; individuals 
who exercise regularly during middle age and beyond may 
have a reduced risk for AD [32, 33]. The results of numerous 
exercise intervention trials have provided direct compelling 
evidence that aerobic exercise can improve cognitive perfor-
mance acutely in the minutes and hours following the exer-
cise. For example, school children perform better on tests of 
verbal memory when they engage in vigorous exercise prior 
to the testing [34]. In addition, mild aerobic exercise in young 
adults improves executive function, which is associated with 
increased activation of neuronal circuits in the prefrontal 
cortex [35]. Regular vigorous aerobic exercise has also been 
shown to improve cognitive performance in subjects when 
compared to either their own pre-exercise program perfor-
mance or to control groups that perform stretching exercises. 
For example, the results of a 1-year randomized controlled 
trial of aerobic exercise (40 min of brisk walking, several 
days each week) versus 40 min of light stretching in healthy 
older adults showed significant improvement in cognitive 
function (measured using a computerized spatial memory 
task) and, remarkably, a significant increase in the size of 

the hippocampus measured by MRI compared to subjects in 
the stretching control group [36]. Moreover, a study of mon-
keys showed that daily treadmill running for 1 h resulted in 
significant improvements in cognitive performance during 
a 5-month period compared to sedentary control monkeys; 
however, the beneficial effects of running were reversed dur-
ing a 3-month sedentary period indicating the importance of 
continued regular exercise for optimal brain function [37].

Regular exercise may improve brain function in subjects 
with age-related brain disorders, including those with mild 
cognitive impairment, AD, PD, and stroke. In a study of el-
derly subjects with mild cognitive impairment, a multimodal 
supervised exercise program including aerobic exercises 
(walking, marching, running) and strength training resulted 
in improved learning and memory during a 4-month period 
compared to baseline and to a control sedentary group [38]. 
Older adults with insulin resistance (a risk factor for AD) 
who participated in an aerobic exercise program (treadmill, 
stationary bicycle, and elliptical trainer at 75–85 % of maxi-
mum heart rate) 45–60 min/day, 4 days/week for 6 months 
exhibited improved cognitive (executive) function compared 
with a stretching-only control group [39]. Another study 
showed that aerobic fitness is associated with the size of the 
hippocampus, a brain region critical for learning and mem-
ory in elderly human subjects [40], suggesting that regular 
aerobic exercise may protect the brain against age-related 
atrophy. Patients with AD may also benefit from exercise. 
In a population-based prospective study, individuals with 

Fig. 27.1  Intermittent energy restriction and exercise improve brain health and disease resistance by direct and indirect effects on neurons. ANS 
autonomic nervous system, BDNF brain-derived neurotrophic factor, HRV heart rate variability, IER intermittent energy restriction
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AD who engaged in more physical activity lived longer than 
those who did not [41]. In a study of the interactive effects of 
high-intensity exercise (running, biking, and/or aerobic exer-
cise classes) with diet (high-fat/high-glycemic index or low-
fat/low-glycemic index diets) on cerebrospinal fluid (CSF) 
markers associated with AD brain neuropathology in normal 
subjects and patients with mild cognitive impairment, it was 
found that exercise counteracts AD-related changes in CSF 
Tau and amyloid-β in normal subjects and that the combi-
nation of exercise and the low-fat/low-glycemic index diet 
reverses AD-related CSF biomarkers [42]. In the case of PD, 
numerous studies have reported beneficial effects of exercise 
on mobility [43]. Exercise protocols that specifically target 
the neuronal circuits most affected by a stroke (the limbs on 
the side of the body opposite the damaged brain hemisphere) 
can enhance functional recovery of stroke patients [44].

Animal studies have provided evidence that regular aero-
bic exercise (voluntary running in rats and mice) can protect 
neurons against dysfunction and degeneration in models of 
AD, PD, and stroke. In transgenic mice that express a mu-
tated form of human amyloid precursor protein (APP) and 
exhibit age-related amyloid accumulation and cognitive 
impairment, running lessens the amyloid accumulation and 
ameliorates the cognitive deficits [45]. In another mouse 
model of AD, running-wheel exercise prevented memory 
deficits and also ameliorated the heightened anxiety state of 
the mice [46]. When APP mutant mice are maintained on a 
high-fat diet, amyloid deposition and memory deficits are 
accelerated; these adverse effects of the high-fat diet can be 
reversed by maintaining the mice in an enriched environ-
ment that includes running wheels [47]. Exercise may re-
duce the amount of amyloid in the brain by stimulating its 
degradation and/or removal by immune cells [48]. Exercise 
can also increase the resistance of dopamine-producing neu-
rons to degeneration in animals exposed to toxins that cause 
PD-like symptoms [49, 50]. When initiated during and after 
toxin-induced damage to dopaminergic neurons, running-
wheel exercise can enhance recovery of motor function in 
mice [51]. Moreover, when initiated only after neurotoxin-
induced dopaminergic neuron damage in rats, running re-
verses motor deficits and restores neuronal circuit activity 
alterations in several brain regions involved in motor control 
[52]. In both rat and mouse models of focal ischemic stroke, 
running-wheel exercise reduces the extent of brain damage 
and lessens functional deficits [53–55].

The mechanisms by which exercise can promote optimal 
brain function and resistance to neurodegenerative disor-
ders are being elucidated. Exercise induces the expression 
of BDNF in multiple brain regions, and BDNF may mediate 
several beneficial effects of exercise, including enhanced hip-
pocampal neurogenesis and synaptic plasticity, and improved 
learning and memory [2, 3]. BDNF can protect neurons 
against dysfunction and degeneration in experimental mod-
els of AD, PD, and stroke, consistent with the possibility that 

increased production of BDNF plays an important role in the 
neuroprotective effects of exercise [56–58]. BDNF can also 
increase the number of mitochondria in neurons and thereby 
enables the neurons to form new synapses and to maintain ex-
isting synapses [26]. The latter findings suggest that, similar 
to its effects on muscle cells, exercise can enhance the energy-
generating capability of neurons. Because a cellular energy 
deficit is a major factor contributing to the degeneration of 
neurons in AD, PD, and stroke [10, 59, 60], exercise may pro-
tect against these disorders by sustaining neuronal bioenerget-
ics. Unrepaired damage to DNA occurs in brain cells during 
normal aging and to a much greater extent in AD, PD, and 
stroke [61]. Running-wheel exercise and BDNF enhance the 
ability of neurons to repair damaged DNA [62], suggesting 
that regular exercise can prevent the accumulation of dam-
aged DNA in neurons. Finally, animal studies have shown 
that running can promote the growth of cerebral blood ves-
sels (angiogenesis), increase cerebral blood flow, and thereby 
counteract any reduction in cerebral blood flow occurring 
with aging and neurodegenerative disorders [63].

Interestingly, recent findings suggest the possibility 
that, in addition to its actions on neurons in brain regions 
involved in cognition, BDNF plays an important role in 
beneficial effects of exercise on the cardiovascular system. 
Regular exercise results in a reduction in resting heart rate 
and an increase in heart rate variability (an indicator of heart 
health) by increasing parasympathetic tone, which involves 
increased activity of cholinergic neurons in the brainstem 
that innervate the heart [64]. A study in which heart rate was 
monitored continuously in mice with reduced or increased 
BDNF levels showed that BDNF acts on brainstem cardio-
vagal (parasympathetic) neurons to increase their activity 
and slow heart rate [65]. Moreover, transgenic mice express-
ing a mutational form of α-synuclein that causes an inherited 
form of PD exhibit an elevated resting heart rate as a result 
of reduced function of brainstem cardio-vagal neurons [16]. 
It is therefore likely that regular exercise can counteract dys-
function of the autonomic nervous system that occurs in PD.

Intellectual Challenges Strengthen the Brain

Epidemiological studies have provided evidence that indi-
viduals who attain a higher educational status and who are 
socially engaged throughout their life are less likely to de-
velop AD late in life [66]. In a study of approximately 2000 
subjects, higher education/occupation scores and higher lev-
els of cognitive challenges in midlife and late life were as-
sociated with higher levels of cognitive performance in late 
life [67]. A study of nuns found that low linguistic ability in 
early adulthood was associated with increased probability of 
cognitive impairment, greater cerebral atrophy, neurofibril-
lary brain pathology, and AD late in life [68]. Interestingly, 
many individuals whose brains continue to function well late 
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in life exhibit considerable AD-like amyloid pathology upon 
autopsy, suggesting that they have a greater level of cogni-
tive reserve, possible because they developed more synaptic 
connections as a result of greater intellectual engagement 
[69]. Brain-imaging studies have documented that educa-
tional attainment is positively associated with hippocampal 
volume (i.e., more highly educated individuals have a larger 
hippocampus) [70], which may reflect increased cognitive 
reserve and decreased risk for AD.

Laboratory rodents are normally housed in groups of four 
in small cages that lack any objects for play, nest building, or 
other cognitive challenges. When rodents live in larger cages 
with more cage mates and with numerous objects to explore 
and climb on, or hide and build nests in, their brains change 
so as to improve their cognitive function, sensory–motor func-
tion, and resistance to dysfunction and degeneration [71]. En-
vironmental enrichment during midlife can forestall age-relat-
ed cognitive deficits in mice [72], suggesting that intellectual 
challenges during middle age can protect the brain against 
the adversities of aging. When transgenic mice that express 
mutated human genes that cause AD in humans are main-
tained in enriched environments, they exhibit a slowing of 
age-related cognitive deficits, which is associated with main-
tenance of hippocampal neurogenesis, synaptic plasticity, and 
cerebrovascular function [73, 74]. Environmental enrichment 
can also counteract amyloid accumulation and cognitive im-
pairment in AD mice fed a high-fat diet [75]. The increased 
cognitive stimulation, over and above the increased physical 
activity, is believed to play an important role in counteracting 
neuronal dysfunction in AD mice [76]. In rat or mouse models 
of PD, in which the animals are administered dopaminergic 
neurotoxins, environmental enrichment reduces the degenera-
tion of the dopaminergic neurons and improves motor func-
tion compared to animals maintained in the usual lab cage en-
vironment [77–79]. Recovery from a stroke is also improved 
by environmental enrichment in animal models [80, 81].

What are the cellular and molecular mechanisms by 
which intellectual challenges bolster brain function and re-
silience throughout the life course? Studies of environmental 
enrichment in animal models suggest the following sequence 
of events: (1) There is increased activation of excitatory glu-
tamatergic synapses in neuronal circuits involved in cogni-
tive processing; (2) Ca2+ influx through plasma membrane 
glutamate receptor channels and voltage-dependent channels 
occurs in dendrites; (3) Ca2+ activates kinases such as Ca2+/
calmodulin-dependent protein kinase II and protein kinase 
C; (4) the kinases activate transcription factors with CREB 
being a prominent example; (5) the transcription factor in-
duces the expression of genes encoding neurotrophic fac-
tors (e.g., BDNF), DNA repair enzymes, and peroxisome 
proliferator-activated receptor gamma coactivator 1α (PGC-
1α), among others; BDNF and CREB have been shown to 
play key roles in the improvements of synaptic plasticity, 
and learning and memory that occur in response to envi-

ronmental enrichment; and (6) BDNF signaling stimulates 
mitochondrial biogenesis, promotes synapse formation, and 
promotes neurogenesis [82–84]. There is also evidence that 
intellectual challenges can stimulate angiogenesis of cere-
bral blood vessels resulting in increased energy and nutrient 
supply to neurons [85]. Collectively, the effects of regular 
intellectual challenges on brain structure and function are ro-
bust, can help counteract age-related declines in brain func-
tion, and may reduce the risk of neurodegenerative disorders.

Dietary Phytochemicals May Benefit the Brain 
by Hormesis-Based Mechanisms

Emerging findings suggest a fourth lifestyle approach that 
may promote optimal brain function and resistance to dis-
ease. Population-based studies suggest that people who con-
sume a diet replete with vegetables, fruits, and whole grains, 
including vegetarian diets and the Mediterranean diet, are 
at a reduced risk of age-related cognitive deficits and AD 
[86, 87]. Prospective epidemiological studies support the no-
tion that consumption of vegetable-rich diets in midlife can 
protect against cognitive decline in late life [88]. Vegetarian 
diets have also been associated with improved mood (fewer 
symptoms of depression) in a cross-sectional study [89]. The 
results of a small randomized controlled trial of a vegetar-
ian diet in subjects that previously consumed meat suggest 
that mood can be improved relatively rapidly by eliminating 
meat from the diet [90].

Studies in which rats or mice are fed diets supplemented 
with fruits (blueberries, strawberries, apples, grapes, and 
others) or vegetables (broccoli, spinach, garlic, onions, and 
others) have provided evidence that chemicals in fruits and 
vegetables can enhance brain function and counteract the 
adverse effects of aging and neurodegenerative disorders. 
Young rats that consumed food enriched with blueberries 
performed better in a test of spatial memory than did those 
not consuming blueberries [91]. Old rats fed a diet contain-
ing spinach exhibited reduced levels of the pro-inflammatory 
cytokine tumor necrosis factor (TNF)-α and pro-inflamma-
tory TNF-β in their cerebellum and improved learning and 
memory in a cerebellum-mediated eyeblink-conditioning 
test [92]. Similarly, feeding old rats a diet supplemented 
with walnuts reduced inflammation and accumulation of 
damaged and polyubiquitinated proteins in their brains [93]. 
Other studies have shown that dietary grape juice can im-
prove cognitive function in old rats [94]. A study of a mouse 
model of AD showed that a diet rich in fruits and cocoa ame-
liorate behavioral deficits and stimulate proliferation of stem 
cells in the subventricular zone [95].

Some of the specific phytochemicals in vegetables and 
fruits that may be beneficial for the brain are being elucidated. 
Three such phytochemicals that have been particularly well 
studied are curcumin, sulforaphane, and resveratrol. Studies 
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in animal models of age-related neurodegenerative disorders 
have provided evidence that curcumin, a phytochemical pres-
ent in high amounts in turmeric root and commonly used as a 
spice in Indian cooking, can protect neurons against dysfunc-
tion and degeneration. Using a mouse model of AD, Frautschy 
et al. [96] found that curcumin administration can reverse 
cognitive deficits, enhance synaptic integrity, and reduce the 
amount of amyloid-β accumulation in the brain. In a mito-
chondrial neurotoxin-based rat PD model, curcumin treat-
ment reduced damage to dopaminergic neurons and reduced 
motor deficits [97]. When rats were treated with curcumin 4 h 
after cerebral ischemia (experimental stroke), the amounts of 
brain tissue damage and oxidative stress were reduced, and the 
neurological deficits caused by the stroke were lessened [98]. 
Rats fed a high-fat diet exhibited increased brain damage and 
associated cognitive deficits caused by a traumatic blow to the 
head; however, when the high-fat diet was supplemented with 
curcumin, the brain damage and cognitive deficits were re-
duced indicating that curcumin can counteract the adverse ef-
fects of high-fat diet on the vulnerability of the brain to injury 
[99]. Sulforaphane is a phytochemical present in high amounts 
in cruciferous vegetables such as broccoli. In a mouse model 
of cholinergic dysfunction-induced cognitive impairment, 
administration of sulforaphane ameliorated the memory im-
pairment [100]. Sulforaphane also protected dopaminergic 
neurons in a mouse model of PD [101] and was beneficial 
in animal models of stroke [102] and traumatic brain injury 
[103]. Resveratrol, which is present in red grapes, cocoa, and 
peanuts, has been reported to have beneficial effects in animal 
models of relevance to AD, amyotrophic lateral sclerosis, and 
traumatic brain injury [104, 105].

Until recently, it was dogma that vegetables and fruits are 
good for general health (and brain health) because they con-
tain chemicals that are antioxidants that directly neutralize free 
radicals and thereby protect cells [106]. However, emerging 
findings point to a quite different mechanism whereby phyto-
chemicals can improve health and prevent or reverse disease 
processes. Plants produce many chemicals that are noxious to 
insects and other organisms; these chemicals are natural pesti-
cides [107, 108]. When we eat fruits and vegetables, the nox-
ious chemicals they contain activate adaptive stress responses 
in cells throughout our body and brain, thereby increasing the 
resistance of the cells to injury and disease [5]. This “neuro-
hormetic phytochemical” hypothesis for the mechanism by 
which chemicals in plants promote brain health and disease 
resistance was proposed in 2006 [109]. Several prominent 
adaptive response cellular signaling pathways that are acti-
vated by phytochemicals have been identified including those 
involving histone deacetylases and the transcription factors 
nuclear factor erythroid 2 related factor (NRF)-2, CREB, and 
forkhead box (FOXO)-3 (5). Activation of these pathways re-
sults in increased production of neurotrophic factors, antioxi-
dant enzymes, and phase 2 detoxification enzymes, which can 
bolster neuronal stress resistance (Fig. 27.2).

Fig. 27.2  Model for the mechanisms by which neurohormetic phyto-
chemicals enhance neuroplasticity and may protect the brain against 
injury and disease

 

A Pressing Need to Meet the Brain Health 
Challenge

The brain can now be added to the list of organ systems ad-
versely affected by the kinds of unchallenging lifestyles that 
have rapidly become commonplace in modern societies. 
These “brain-wasting lifestyles” are characterized by lack 
of exercise, lack of dietary challenges, such as fasting and 
consumption of hormetic phytochemicals, and in some cases 
few intellectual challenges. Advances in early diagnosis and 
effective treatments for CVD and some cancers have contrib-
uted to the recent robust increase in the number of individu-
als between the ages of 65 and 90, the danger zone for AD, 
PD, and stroke. Because many such elderly individuals did 
not challenge themselves with vigorous exercise, fasting, or 
cognitive endeavors during their earlier years, their risks for 
AD, PD, and stroke are increased [2]. Unfortunately, there 
are many factors that have converged to facilitate obesogenic 
lifestyles, including the processed and fast food industries, 
which market high-energy-density low-cost foods, and drinks 
replete with sugar and fat, and devoid of hormetic phyto-
chemicals [20, 110]. Advertisements for processed foods and 
beverages, and for drugs to treat disease symptoms, are omni-
present. Processed foods and drinks are made to be addictive 
by inclusion of specially designed blends of ingredients [110, 
111]. Conversely, fruits, vegetables, and nuts are relatively 
expensive and not advertised to the extent of processed foods. 
The challenge of regular vigorous exercise has become un-
necessary for most occupations, and door-to-door transporta-
tion and elevators are widely used, making a sedentary life-
style common. It should also be noted that medical training 
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and practice deemphasizes, and even discounts, implementa-
tion of compliable prescriptions for diet and exercise inter-
ventions. Instead, the emphasis is on treating the symptoms 
of diseases with drugs promoted by the pharmaceutical indus-
try. The mentality of a major proportion of the US population 
has therefore become that diseases cannot be avoided and so 
are dealt with by drugs and surgery once they become mani-
fest. Unfortunately for them and their relatives, there are no 
effective treatments for AD, PD, and stroke.

The widespread adoption of intermittent challenge-based 
diets (intermittent fasting, consumption of fruits and vegeta-
bles) and lifestyles would require the concerted efforts of gov-
ernment agencies, primary and secondary education, the en-
tire health-care system, employers, and parents. Doable inter-
mittent fasting and exercise regimens are available and can be 
effectively implemented if there is rigorous follow-up during 
the first month of the intervention [20, 112, 113]. Community 
planning that facilitates exercise (bike paths, parks, etc.), and 
work environments that promote exercise, must proliferate. 
These living and working environments should also include 
readily available healthy foods at a low cost. Importantly, 
education from K–12 should emphasize the importance of 
diet and exercise for brain health. The take-home message 
here is that attaining and maintaining optimal brain health 
and disease resistance throughout life requires that individu-
als challenge themselves in four major ways: regular vigorous 
exercise, intermittent fasting, eating fruits and vegetables, and 
engaging in intellectually challenging endeavors. To become 
commonplace, this will require the commitment of parents, 
schools, communities, and the entire health-care system.

Case Studies

Two case studies illustrate the evidence that the risk of AD 
is influenced by environmental factors, on the one hand, and 
that interventions that challenge the brain can ameliorate cog-
nitive deficits in AD patients, at least in the early stages of 
the disease, on the other hand. While there are genetic factors 
that can either cause AD (mutations in the beta-APP or pre-
senilin 1) or affect the risk of AD (apolipoprotein E4 allele), 
environmental factors including lifestyle and diet may influ-
ence the age of onset and risk of AD. Case studies of mono-
zygotic (identical) twins support important roles for lifestyle 
and environmental factors in AD. In a case study of British 
monozygotic female twins, one sister developed dementia 
which was first evident at age 52 and progressively worsened 
until she became completely debilitated and died at the age 
of 64 [114]. During the disease course, her cognitive function 
progressively worsened, and postmortem histological analy-
sis of her brain revealed extensive neuronal loss, and neuro-
fibrillary tangles and plaques, consistent with a diagnosis of 
AD. The unaffected twin was evaluated in the clinic at age 
64, and her cognitive function was deemed to be within the 

normal range. While many aspects of the lives of the twin sis-
ters were similar, three clear differences were noted; the un-
affected sister was married, whereas the sister with AD was 
not married; the unaffected sister was more physically and 
socially active during her midlife; and the affected sister had 
experienced a concussion when she was 39 years old. Alto-
gether, this case study is consistent with the possibilities that 
a more cognitively stimulating lifestyle may have protected 
one sister against AD, while head trauma in midlife may have 
hastened the onset of AD in the affected sister.

It may be possible to improve the cognitive abilities of 
AD patients who are in the early stage of the disease by chal-
lenging them with exercise or intellectual enrichment. One 
example is a case study of a 66-year-old man, retired from 
a teaching career and recently diagnosed with probable AD 
[115]. He had been experiencing a progressive worsening 
of his ability to remember names of members of his social 
group, which was disconcerting to him. He had been taking 
a cholinesterase inhibitor (rivastigmine), which was appar-
ently of little or no benefit for his difficulty putting names 
to faces. An intervention was developed aimed at improving 
the patient’s ability to recognize/name his friends; this inter-
vention consisted of mnemonic plus expanding rehearsal or 
repeated presentation. Photographs of 13 friends were used 
in sessions in which the patient was presented with a friend’s 
picture, repeated their name together with a mnemonic, and 
then after a 30-s delay the patient was asked to recall the per-
son’s name. The patient was also asked to practice at home. 
During the first 3 months, the subject focused on five pic-
tures/names, and during the subsequent 3 months the sub-
ject focused on the other eight pictures/names. The patient’s 
performance improved dramatically and was maintained at a 
6-month follow-up evaluation. This case study provides evi-
dence that the neuronal circuits in the brain of an individual 
in the early stages of AD are capable of responding adap-
tively to cognitive challenges suggesting that, with consider-
able effort, a patient with AD is capable of improving their 
functioning within their social group.
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Abbreviations

ACE Angiotensin-converting enzyme
ADA American Diabetes Association
AKI Acute kidney injury
ARBs Angiotensin receptor blockers
BP Blood pressure
BV Biological value
BUN Blood urea nitrogen
CKD Chronic kidney disease
eGFR Estimated glomerular filtration rate
ESRD End-stage renal disease
GFR Gomerular filtration rate
HD Hemodialysis
HEI Healthy Eating Index
KDOQI Kidney disease quality outcomes initiative
MNT Medical Nutrition Therapy
OSA Obstructive sleep apnea
PD Peritoneal dialysis
PSQI Pittsburgh Sleep Quality Index
PUFA Polyunsaturated fatty acids
RAPA Rapid assessment of physical activity
RD Registered dietitian
T Teaspoonful
T2D Type-2 diabetes
UACR Urine albumin/creatinine ratio

Introduction

Chronic kidney disease (CKD) affects 10–15 % of individuals 
in the USA, Europe, and Asia [1]. CKD is largely an asymp-
tomatic condition associated with kidney failure, premature 

cardiovascular mortality, complications, decreased quality of 
life, and increased health-care expenditures. Approximately 
two thirds of CKD cases are attributable to diabetes (40 %) and 
hypertension (28 %; [2]). CKD is defined by loss of kidney 
function as estimated glomerular filtration rate (eGFR) below 
60 ml/min/1.73 m2 and/or persistent increased urinary albu-
min–creatinine ratio lasting 90 or more days or other markers 
of kidney damage (glomerular hematuria, imaging abnormali-
ties, and kidney biopsy findings). Loss of kidney function can 
progress to kidney failure or end-stage renal disease (ESRD) 
requiring dialysis or kidney transplantation. CKD is now clas-
sified into six “G” stages based on the eGFR and three “A” 
stages based on the amount of albumin in the urine, with high-
er stages conferring worse prognosis (G stage 3 now includes 
both 3A and 3B, see Fig. 28.1; [2]). CKD is also a major in-
dependent risk factor for cardiovascular disease, all-cause 
mortality, and cardiovascular mortality [1, 2]. Other CKD 
complications are acute kidney injury, anemia, bone and min-
eral disorders (abnormal biochemical parameters, bone abnor-
malities, and vascular calcification), and metabolic acidosis. 
However, this common condition is under-diagnosed, even in 
those at risk with type-2 diabetes (T2D) and/or hypertension.

Although medications such as angiotensin-converting 
enzyme (ACE) inhibitors or angiotensin receptor blockers 
(ARBs) retard progression of CKD with albuminuria and 
hypertension, there currently exist no specific medications 
to treat most etiologies of CKD. In the absence of definitive 
drug therapy for this common disease, prevention of both the 
development and progression of CKD are essential. CKD is 
a complex multiplier of comorbidities, risk conditions, and 
complications. Since many of the comorbidities associated 
with CKD are modifiable by changes in health behaviors, 
lifestyle modification is a promising, potentially impactful 
therapeutic area that may be easy for the busy clinician to 
overlook. There are currently limited trial data on optimal 
utilization of lifestyle modification in CKD, making addi-
tional research important. In this chapter, key lifestyle medi-
cine recommendations for primary, secondary, and tertiary 
prevention of kidney disease are reviewed (Table 28.1).
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Primary Prevention of Kidney Disease

There are limited data regarding lifestyle interventions and 
development of CKD. Improvement in blood pressure (BP) 
and glycemic control are the focus of primary prevention of 
CKD caused by hypertension and/or T2D, respectively. Ap-
proximately 30 % of incident CKD cases are due to immune-
mediated diseases (glomerulonephritis) and adverse drug 

events that are not likely to be directly amendable to lifestyle 
intervention. Therefore, the next section reviews lifestyle 
modifications for the optimal management of hypertension 
and T2D.

Primary Prevention of CKD in Hypertension

Hypertension has a strong, graded association with CKD 
development in several prospective studies [3]. The recent 
Joint National Committee-8 (JNC-8) guidelines recommend 
a BP goal ≤ 140/90 for age ≤ 60 years and ≤ 150/90 for age 
> 60 years (both in mmHg) in the T2D, CKD, and general 
populations [4]. Lifestyle modifications are crucial for both 
attaining and sustaining goal BP with or without antihyper-
tensive medications.

Physical Activity in Hypertension
Meta-analyses of studies including a large number of partici-
pants with sedentary lifestyles have found significant reduc-
tions in BP (approximately 5 systolic and 3 diastolic mmHg) 

Table 28.1  Definition of prevention levels in chronic kidney disease 
(CKD)
Level of prevention Definition
Primary Prevent the development of CKD in the 

population at risk with diabetes and/or 
hypertension

Secondary Prevent the progression of CKD (loss of kid-
ney function over time) and prevent or delay 
CKD complications

Tertiary Prevent adverse outcomes in those with CKD 
treated with renal replacement therapy (dialysis 
or kidney transplantation) by optimizing care

Fig. 28.1  Recent staging and grading of chronic kidney disease (CKD) 
based on estimated glomerular filtration rate and albuminuria. The col-
ors above show the relative risk of morbidity and mortality in CKD. 
( Green: low risk (if no other markers of kidney disease, no CKD), yel-
low: moderate risk, orange: high risk, and red: very high risk). The 

frequency of recommended follow-up appointments annually is shown 
in each box. GFR glomerular filtration rate. (Modified with permis-
sion from Macmillan Publishers Ltd: Kidney International. KDIGO. 
Summary of recommendation statements. Kidney Inc 2013; 3(Suppl):5. 
Copyright © 2013)
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with both aerobic (30 min/day at least 3 times/week for a 
minimum for 12 weeks) and resistance training (dynamic or 
isometric for 20 min/day at least 3 times/week for a mini-
mum of 12 weeks). Also, trials of yoga (60 min/day at least 
2–3 times/week for a minimum of 20 weeks) and transcen-
dental meditation (30 min/day at least 3 times/week for a 
minimum of 8 weeks) in pre-hypertensive and hypertensive 
subjects showed sustained, significant decreases in BP (ap-
proximately 7 systolic and 3 diastolic mmHg). Thus, physi-
cal activity incorporating aerobic and resistance training 
with yoga and meditation as adjuncts is effective in lowering 
BP and theoretically should prevent CKD, although direct 
data are lacking to support this conclusion.

Healthy Diet and Weight Loss in Hypertension
A number of studies have established the direct relationship 
between reduced sodium intake, BP reduction, and hyperten-
sion prevention. The recommended dietary sodium intake is 
1500–2300 mg/day [5]. Since most dietary sodium comes 
from processed and canned foods, consumers should be 
aware of sodium content in specific food items. Table 28.2 
shows the common terms used in food labels with the cor-
responding sodium content in milligrams. A recent study 
also found a significant decrease in the development of CKD 
in patients with hypertension who were adherent to a low 
sodium (1500 mg/day) Mediterranean diet [6]. This 7-year 
observational study assessed the eating habits of a prospec-
tive cohort of 900 patients and found that patients with hy-
pertension consuming a fruit-and-vegetable-rich, low-satu-
rated-fat diet had a 50 % decrease in incident CKD compared 
to a standard American diet. With respect to weight loss, a 
meta-analysis showed that an average weight loss of 5.1 kg 
led to mean systolic and diastolic BP reductions of 4.4 and 
3.6 mmHg, respectively [7].

In summary, lifestyle modification, including physical 
activity that incorporates aerobic and resistance training and 
weight loss, with yoga and meditation as adjuncts, along 
with a low-sodium, fruit-and-vegetable-rich, low-saturated-
fat diet, demonstrates benefit in terms of decreased BP in 
patients with hypertension, which should reduce the risk of 
incident CKD accordingly.

Primary Prevention of CKD in T2D

The American Diabetes Association (ADA) recommends a 
hemoglobin A1C (A1C) target < 7 % for most nonpregnant 
adults with diabetes [8]. Achieving this target A1C has been 
shown to reduce the onset of albuminuria in the randomized 
trial of intensive insulin therapy (Diabetes Control and Com-
plications Trial) [9], providing a rationale for improved glyce-
mic control reducing the incidence of CKD. This section will 
focus on lifestyle interventions specific to glycemic control.

Physical Activity in T2D
Cohort studies that demonstrate A1C reductions of 0.5–1 % 
with aerobic exercise support recommendations for moder-
ate intensity exercise in sedentary individuals and increasing 
exercise intensity in those who are already physically active 
[10]. Yoga and meditation also have salutary effects on A1C 
and thus are effective adjunctive measures, although large-
scale trials are still needed to establish degree of benefit.

Healthy Diet in T2D
A prospective study involving a large cohort of 6000 pa-
tients with T2D found that a low-sodium, high-potassium, 
high-quality diet incorporating higher fruit and green leafy 
vegetable intake and moderate alcohol intake were associ-
ated with reduced risk of developing CKD [11]. There are 
evidence-based guidelines for optimal diet management [12, 
13], but fewer than half of T2D patients achieve the recom-
mendations. There are recent studies that show training in 
mindful eating to increase awareness of internal experience, 
reduce automatic eating patterns, and interrupt stress-related 
eating behaviors could potentially improve fruit and vege-
table consumption. Thus, training in mindful eating should 
be considered as an option by both clinicians and patients to 
improve healthy diet adherence [14].

In conclusion, increased physical activity, particularly 
aerobic exercise, along with a fruit-and-vegetable-rich, low-
saturated-fat diet implemented with training in mindful eat-
ing comprise a comprehensive lifestyle approach to glyce-
mic control to prevent CKD.

Secondary Prevention of Kidney Disease

Physical Fitness in CKD

Impaired physical fitness is common in CKD, with exercise 
capacity in early stages being 70 % of expected and then de-
clining further as CKD progresses. Poor physical activity in 
CKD patients is significantly associated with adverse clinical 
outcomes, including cardiovascular morbidity and mortality 
[15]. A Cochrane meta-analysis showed that aerobic and/or 
resistance training showed improved objective and subjec-

Table 28.2  Commonly used terms on food labels and their corre-
sponding sodium content
Terminology Sodium content of food
Sodium free Trivial amount of sodium per serving
Very low sodium 35 mg or less per serving
Low sodium 140 mg or less per serving
Reduced sodium Foods in which the level of sodium is 

reduced by 25 %
Light or lite in sodium Foods in which the sodium is reduced 

by at least 50 %
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tive parameters in CKD stages G1–4 including assessments 
of physical fitness and BP control [16]. This analysis selected 
studies with a minimum of 3-times/week physical activity for 
at least 3-months follow-up. No studies included hard out-
comes such as cardiovascular mortality or worsening of kid-
ney function. Since exercise caused improvement in surro-
gate endpoints, there may be significant benefit from a com-
bination of cardiovascular and resistance training in CKD 
patients [16]. Not included in the Cochrane analysis is an 
interesting Chinese observational study of over 6000 patients 
with CKD G3–5 that showed an association of increased 
self-reported walking with lower risk of ESRD and mortality 
[17]. Walking is an attractive low-risk physical activity that 
is inexpensive and relatively easy to implement, in contrast 
to alternatives such as gym membership and participation 
in exercise classes. Assessment of physical activity can be 
performed quickly using validated surveys such as the rapid 
assessment of physical activity (RAPA) [18], but a practical 
assessment integrates low-intensity physical activities, such 
as walking, aerobic exercise, stretching, and strengthening.

Meditation and CKD

A proof of concept study in 13 patients with CKD stage G3 
showed that mindfulness meditation lowered BP and sym-
pathetic nerve activity [19]. Since CKD is characterized by 
chronic sympathetic overactivity, this reduction could poten-
tially lead to slower progression.

Diet and CKD

Sodium Intake
Modification of dietary sodium intake is a valuable target for 
reducing CKD progression and cardiovascular risk in CKD. 
A recent randomized controlled trial of dietary sodium in 
CKD (4600 mg/day in controls vs. 1800 mg/day in the in-
tervention group with potassium controlled in both groups) 
showed a reduction of 10 and 4 mmHg in systolic and dia-
stolic BP, respectively [20]. The recommended daily intake 

for CKD stages G1–4 is 2000 g/day, a challenging level to 
achieve in the context of the average American intake of over 
3000 mg [5], emphasizing the importance of the awareness 
of sodium content in foods. The 24-h urine collection for so-
dium is a reliable estimate of intake in stable outpatients that 
is subject to day-to-day variability. Dietary recall collection 
tools are also useful, generally requiring Medical Nutrition 
Therapy (MNT) with a registered dietitian (RD).

Potassium Intake
The Kidney Disease Quality Outcomes Initiative (KDOQI) 
guidelines generally recommend a 2000–4000 mg/day po-
tassium intake for individuals with CKD at risk for hyper-
kalemia [21]. The restriction in the later stages is to reduce 
risk of hyperkalemia which can be life threatening. This is 
especially of concern in patients who are on ACE inhibitors 
or ARBs and in those with low eGFR. Several recent ran-
domized controlled trials have demonstrated hyperkalemia 
and acute kidney injury (AKI) safety signals with the com-
bination of ACE inhibitors and ARB in hypertension with or 
without T2D, making it important to use monotherapy only 
in routine practice [2]. Also, in the CKD population with and 
at risk for hyperkalemia, salt substitutes, containing potas-
sium chloride, should be avoided. Table 28.3 presents the 
potassium content in selected foods.

Phosphorus Intake
Homeostatic mechanisms to counter-regulate phosphorus re-
tention typically occur in CKD stage G3b and higher. Hence, 
dietary phosphorus restriction may not be necessary in the 
earlier stages. Recommendations in stages G3–5 are to re-
duce intake to 800–1000 mg/day [21]. Phosphorus binders 
may be necessary to maintain the serum phosphorus at de-
sirable levels in the normal laboratory range. Another con-
cern is that inorganic phosphorus is present ubiquitously in 
processed foods, but inconsistently disclosed on the nutri-
tion facts panel, complicating estimates of and interventions 
in phosphorus intake. Therefore, patients with CKD stage 
G3–5 should restrict their consumption of processed food 
and increase intake of fruits and green leafy vegetables.

Table 28.3  Potassium content of selected foodsa

Food group Low potassium foods Potassium content in mg High potassium foods Potassium content in mg
Dairy Cottage cheese 103 Milk (250 ml) 400
Eggs Egg (one) 63 – –
Grain White bread

(two slices)
70 Bran cereal (one cup) 253

Vegetables Lettuce (one cup)
Carrot (one raw)

82
97

Beets
Cooked broccoli

274
241

Fruit Apple 148 Banana 422
Meat Chicken (75 g) 179 Beef (75 g) 300
Fish Cod (75 g) 183 Canned salmon (75 g) 255
Legumes Peanut butter (T) 122 Lentils 385

a T Teaspoonful
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Protein Intake
Dietary protein restriction may protect against CKD progres-
sion by several mechanisms including reduction in intraglo-
merular hypertension, modulation of cytokine expression 
and matrix synthesis, or reduced kidney fibrosis. However, 
whether these translate into a clinically relevant protective 
effect in CKD is controversial. One of the challenges is the 
independent assessment of the benefit of dietary protein 
restriction in the context of an association of high-protein 
diets with other deleterious components such as high sodium 
and enriched phosphorus. Moreover, the risks of excessively 
low-protein diets are catabolism and malnutrition, making 
protein restriction appropriate only for stable outpatients. 
Current data suggest that there may be a small but significant 
attenuation in eGFR decline with a low-protein diet without 
significant detriment. Thus, in stable outpatients with CKD 
stage G3 or higher, the recommended protein intake is 0.8 g/
kg/day of which at least 50 % is high biological value (BV) 
[2]. This is the same level of recommended intake for all 
Americans by the US Department of Agriculture in the con-
text of high protein intake in the general population. BV is 
not only a measure of the proportion of absorbed protein that 
is incorporated into the proteins of the body, but also an in-
direct measure of essential amino acid content, which affects 
the efficiency of protein synthesis. Egg protein, containing 
all of the essential amino acids, is considered to have a BV 
of 100 as the reference standard. Table 28.4 shows the BV of 
common protein-containing foods. A 24-h urine collection 
for urea nitrogen can be used to calculate adherence to the 
0.8 g/kg/day protein diet as follows [22].

• Protein intake = protein excretion
• Protein intake = UUN (24-h urine urea nitrogen) + NUN 

(non-urea nitrogen or fecal excretion)
• Protein intake = UUN + 0.031 g nitrogen × kg body 

weight.

MNT with an RD is most likely to be successful in develop-
ing an individualized meal plan incorporating safe protein 
restriction.

Other Beneficial Dietary Approaches
The impact of saturated dietary fat on CKD progression is 
well documented. In a meta-analysis of randomized con-
trolled trials, CKD patients consuming n-3 polyunsaturated 
fatty acids (PUFA) in fish oil were more likely to have a re-
duction in urine protein and eGFR stabilization [23]. Fish oil 
may have an advantage over fish servings, since daily intake 
of the latter may not be palatable or available and certain fish 
(salmon and sardines canned with bones) are high in phos-
phorus. In a number of randomized controlled trials, a higher 
intake of fruits and green leafy vegetables decreased progres-
sion in CKD stage G2 and significantly reduced metabolic 
acidosis in CKD stage G3 [24, 25]. High-fiber diets were as-
sociated with reduced inflammation and decreased mortality 
in two important studies: the Uppsala Longitudinal Study of 
elderly Swedish men and the National Health and Nutrition 
Examination Survey III, a stratified random sample of the 
US adult ambulatory population [26, 27]. For every 10 g/
day increase in total dietary fiber in subjects with CKD as 
defined by an eGFR < 60 ml/min/1.73 m2, there were asso-
ciations with 42 and 19 % reductions in all-cause mortality, 
respectively [26, 27]. Both studies also showed significantly 
reduced hazard ratios for serum C-reactive protein > 3 mg/L 
associated with a high-fiber diet. Although as yet unproven 
in randomized trials, the high-fiber diet could also play a role 
in reducing progression of loss of kidney function in CKD 
by increasing fecal bacteria and in turn nitrogen excretion 
[26]. This speculation is supported by a pilot investigation 
of 13 patients with CKD stage G3–4 demonstrating that di-
etary supplementation with probiotics conferred a significant 
reduction in the blood urea nitrogen (BUN) and serum uric 
acid over 6 months [28]. High soda consumption has been 
linked to both incidence and progression of CKD and should 
be assiduously avoided [29]. Recent data show that a Medi-
terranean diet may have a beneficial effect in retarding CKD 
progression [30]. Lastly, clinicians should consider MNT 
with an RD for precise assessment of diet quality and design 
of an individualized meal plan. RDs use validated assess-
ments of diet such as the Healthy Eating Index (HEI) [31].

Smoking and CKD Progression

A large population-based study involving 65,193 individuals 
has demonstrated a significant, dose-dependent increase in 
risk of developing CKD stage G3b or higher for cumulative 
lifetime cigarette exposure (adjusted relative risk, RR 1.42 
for 25–49 pack-years and 2.05 for > 50 pack-years, respec-
tively) especially in individuals who were obese and seden-
tary [32]. Thus, a comprehensive tobacco cessation plan is 

Table 28.4  Biological value of common protein-containing foods
Food Biological Value (BV)
Poultry/fish/meat
Egg (reference) 100
Chicken 79
Fish 76
Beef 74
Vegetables and grains
Soy bean 96
Whole bean 96
Rice (brown, unpolished) 83
Rice (polished) 64
Corn 60
Kidney bean 49
White flour 41
Dairy
Milk (cow) 90
Cheese 84
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an important consideration and should include psychological 
support, smoking cessation aids, and referral to a specialized 
clinic if necessary.

Sleep and CKD Progression

The prevalence of obstructive sleep apnea (OSA) is 30–73 % 
in patients with CKD stages G4 and G5 and those treated 
with dialysis compared to 2–4 % in the general population 
[33, 34]. Heterogeneity in the definition of OSA across stud-
ies contributes to the range in reported prevalence rates. OSA 
can contribute to CKD progression in two ways. First, sym-
pathetic hyperactivity is often present in patients with CKD, 
and exacerbation due to OSA may cause progression. This 
is demonstrated in a study including patients with advanced 
CKD who were unable to increase vagal tone during the tran-
sition to sleep [35]. Secondly, OSA prevents the normal night-
time dipping of BP by causing persistent nocturnal elevation 
of renin, aldosterone, and catecholamines. Loss of diurnal 
variation in renin–angiotensin–aldosterone system activity 
could play a role in progression of CKD, arterial stiffness, 
and atherosclerosis. There are no prospective investigations 
of OSA and kidney function decline, but cross-sectional tri-
als associate OSA severity with increased proteinuria [36] 
and cardiovascular mortality. Sleep disturbances are a novel 
risk factor for the progression of CKD and early treatment 
may have a therapeutic benefit. Thus, sleep duration and 
quality should be part of the initial and follow-up assessment 
of the CKD patient. One of the most widely used research 
instruments to evaluate sleep quality is the Pittsburgh Sleep 
Quality Index (PSQI) [37]. A practical simplification of the 
PSQI for clinical use would include an assessment of the du-
ration of sleep, including typical bedtime and wake-up time, 
and specific sleeping problems (difficulty falling asleep, 
interruptions due to cough, trouble breathing, nocturia, and 
early awakenings). If there is a roommate or bed partner, ad-
ditional questions should be asked regarding snoring, breath 
pauses, and leg twitching. Patients should also be informed 
about lifestyle interventions that may be beneficial in sleep 
disturbances, including sleep posture (sleeping on the side 
instead of the back), sleep hygiene (avoiding alcohol and caf-
feine 4 h before bedtime, sleeping at the same time every 
day, and maintaining at least 7 h of sleep per night), smoking 
cessation, and maintaining a healthy weight.

Hence, lifestyle modifications for secondary prevention 
of CKD include:

1. Physical activity including aerobic/resistance training and 
yoga/meditation

2. Healthy diet incorporating fiber-containing fruits and veg-
etables, low sodium and phosphorus content, approximate-
ly 0.8 g/kg/day protein of which at least 50 % is high BV, 
and utilizing the lowest possible amount of processed food

3. Smoking cessation
4. Assessment of sleep duration and quality, sleep hygiene, 

and early identification and treatment for sleep distur-
bances, particularly OSA

Tertiary Prevention of CKD

Exercise in Patients Treated with Renal 
Replacement Therapy

There is a large body of evidence that suggests significant 
and sustained benefits of exercise in patients undergoing in-
termittent hemodialysis. A 2011 Cochrane review found sub-
stantial evidence that aerobic and/or weight training exercise 
(moderate intensity for at least 30 min daily/3 times a week) 
significantly improved surrogate markers in dialysis patients 
including measures of physical fitness, cardiovascular and 
nutritional parameters, and patient-related outcomes such 
as depression measures and quality of life scales [16]. The 
duration of physical activity required was at least 3 months 
for significant improvement in most parameters. Similarly, 
a combination of cardiovascular and resistance training 
showed more significant improvement in all parameters as 
compared to either exercise modality alone. This benefit 
was constant irrespective of the modality of renal replace-
ment therapy (hemodialysis, peritoneal dialysis, or kidney 
transplant) and whether exercise was supervised or not. A 
significant limitation of all of these studies was short follow-
up ranging from 3–12 months, limiting the accrual of hard 
endpoints for cardiovascular mortality or morbidity.

Future studies should address long-term outcomes by po-
tentially increasing follow-up and/or utilizing national regis-
tries of patients undergoing dialysis. Also, some experts have 
concerns about the potential risks of exercise in this popu-
lation, particularly given the high cardiovascular morbidity 
and mortality. Two studies showed no significant difference 
in exercise-induced injuries or complications compared to 
controls, including arteriovenous (AV) fistula infections, an-
gina, incidence of falls, acute illness, and number of health-
care professional visits [16]. Thus, most patients on renal 
replacement therapy should have a combination of aerobic 
and resistance training at least 3 times a week.

Yoga in Patients on Renal Replacement Therapy

Several uncontrolled case series show yoga improves both 
subjective and objective parameters in dialysis patients. 
One randomized controlled trial of a 30-min, twice-weekly 
yoga regimen in 37 hemodialysis patients showed improve-
ments in both patient-reported symptoms (pain, fatigue, and 
sleep disturbance) and biochemical parameters (cholesterol 
and hematocrit) [38]. Yoga appears to be a safe and effec-
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tive clinical exercise modality in patients on hemodialysis, 
although larger studies with longer follow-up are lacking.

Meditation in Patients on Renal Replacement 
Therapy

There are currently no randomized controlled trials of medi-
tation in ESRD patients. However, the previously reviewed 
mindfulness meditation in CKD stage 3 suggests potential 
benefit. There is currently a trial testing the efficacy of medi-
tation in dialysis patients. Thus, meditation should be con-
sidered as a reasonable and safe lifestyle modification of yet 
unproven efficacy.

Diet in Patients on Renal Replacement Therapy

Sodium Intake
Volume overload is a common problem in chronic dialysis 
patients and is associated with adverse cardiac outcomes in-
cluding hypertension and mortality [39]. Most of the studies 
of dietary sodium restriction (< 2000 mg/day) in dialysis pa-
tients had limited sample size with short follow-up and did 
not assess mortality risk. However, they uniformly showed a 
decrease in weight gain between hemodialysis sessions, im-
proved BP control, and reduction in antihypertensive drug 
utilization [40, 41]. These studies justify an increased effort 
in hemodialysis patients for dietary sodium restriction es-
pecially in those with cardiac conditions. One retrospective 
study showed higher all-cause mortality in peritoneal dialy-
sis patients with low dietary sodium intake independent of 
caloric intake. Reverse causality or comorbidities associated 
with poor intake such as cardiomyopathy could have con-
founded this association [42]. In the absence of more data, 
dietary sodium intake in peritoneal dialysis patients should 
be individualized, depending on the BP and comorbidities.

Potassium Intake
Hyperkalemia is the most common electrolyte abnormality 
in chronic dialysis patients, associated with significant mor-
tality risk. In a 3-year study of more than 70,000 hemodialy-
sis patients, serum potassium > 6 mEq/L before dialysis was 
significantly associated with a 1.5 times all-cause mortality 
risk [43]. Since dietary intake is the major source of excess 
potassium, KDOQI guidelines suggest limiting potassium 
intake to 2000–3000 mg in hemodialysis and 3000–4000 mg 
in peritoneal dialysis patients [21]. Since most fruits and 
vegetables are rich sources of potassium and even modest 
potassium-containing foods can cause hyperkalemia if taken 
in excess, this presents a nutritional challenge for the dialy-
sis patient. Examples of foods that contain a high amount of 
potassium (≥ 200 mg per serving) and a low amount of potas-
sium (< 200 mg per serving) are shown in Table 28.3. Also, 

the potassium content of packaged foods are not routinely 
listed on the Nutrition Facts Panel, presenting a particular 
challenge for dialysis patients [44]. Potassium additives may 
be present in foods that appear to be less processed, mislead-
ing patients about the actual content [45]. An approach to 
remove potassium from foods during preparation includes 
leaching or double cooking.

Phosphorus and Protein Intake
These two nutrients are discussed together, since protein-
rich foods are usually high in phosphorus. Protein-energy 
malnutrition is a serious complication in maintenance dialy-
sis with 20–70 % of patients affected, associated with sig-
nificantly increased mortality. Etiologies include inadequate 
dietary intake, catabolism, and decreased nutrient absorp-
tion. However, balancing sufficient protein intake and limit-
ing phosphorus content in foods is challenging [46]. Sev-
eral studies have demonstrated a strong, direct, and graded 
relationship between elevated serum phosphorus levels and 
adverse outcomes in maintenance dialysis patients [47]. Di-
etary phosphorus restriction and oral phosphate binders are 
effective in lowering serum phosphorus [48]. However, there 
are specific foods that might have high protein content with-
out the accompanying phosphorus. Humans lack the intes-
tinal enzyme phytase and thus the bioavailability of phos-
phorus from plant foods is half that of animal foods [49]. 
Also, most of the phosphorus is concentrated in the egg yolk, 
making the egg white a phosphorus-free protein of high BV 
[50]. Specific cooking techniques using prolonged soaking 
and boiling allow a greater reduction in phosphorus while 
preserving protein content. Lastly, the high bioavailability 
of inorganic phosphorus in processed foods provides an ad-
ditional rationale for limiting intake.

Other Beneficial Dietary Approaches
There are data demonstrating that replacing saturated fat 
with PUFA including linoleic acid in patients on hemodialy-
sis has a beneficial effect on mortality [51]. A cohort study of 
100 patients with sudden cardiac death in the first year after 
starting hemodialysis versus 300 patients who survived the 
first year of treatment in the USA showed that serum levels 
of long-chain n-3 fatty acids displayed an inverse relation-
ship with sudden cardiac death [52].

Smoking Cessation in Patients on Renal 
Replacement Therapy

Multiple observational trials found that active smoking in 
dialysis patients is associated with increased all-cause mor-
tality [53]. The patient and physician should make a con-
certed effort for smoking cessation, including referral to a 
specialized clinic and utilization of smoking cessation aids 
if necessary.
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1. A graded exercise regimen with cardiovascular/isometric 
handgrip resistance exercises three times a week

2. A 2000 mg sodium diet with the saturated fatty acids re-
placed by PUFAs and rich in plant protein of high BV 
(Table 28.5)

3. Counseling with an RD to eliminate sodas/sugary drinks, 
consume at least five helpings of fruit/green leafy veg-
etables per day, and incorporate a gradual weight loss pro-
gram to a goal BMI < 30 kg/m2 in 3 months

4. Referral to a smoking cessation clinic

The physician reinforced understanding by using the “teach-
back” technique in which the patient repeats his understand-
ing of the lifestyle interventions. At this point, additional 
interventions could include cardiology consultation to assess 
cardiovascular disease given multiple risk conditions as well 
as a sleep study.

At follow-up 8 weeks later, he has been adherent with his 
new diet and exercise regimen along with quitting smoking 
with the aid of a nicotine patch and intensive counseling. He 
reports having more energy and has lost a significant amount 
of weight with a decrease in BMI to 31 kg/m2 and improved 
BP at 140/85 mmHg. The team further reinforces the impor-
tance of lifestyle interventions by emphasizing the success 
the patient has had but underlining that this is an ongoing 
stepwise process.

On his next follow-up appointment 8 weeks later, the pa-
tient is continuing to be adherent with diet and exercise and 
is still tobacco free. He has lost even more weight and now 
his BMI is 29.5 kg/m2 with BP at goal of 130/80 mmHg. His 
repeat comprehensive metabolic panel reveals stable serum 
creatinine 1.4 mg/dL and some improvement in UACR 
500 mg/g of creatinine.

Conclusions

The above case study illustrates how lifestyle medicine can 
be applied in CKD. See Fig. 28.2 for a flow map of the CKD 
lifestyle interventions with the domains of diet, sleep, physi-
cal activity, and tobacco use. A multidisciplinary approach 
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Lifestyle modifications for tertiary prevention in CKD 
should include:

1. Physical activity incoporating aerobic exercise with pro-
gressive resistance training and perhaps yoga and medita-
tion

2. Healthy-eating patterns that are low in sodium, potas-
sium, and phosphorus content with protein intake accord-
ing to dialysis modality (see Table 28.5), of which 50 % is 
high BV, and also implementing expert guidance from a 
nutritionist or RD

3. Smoking cessation

Case Study

A 54-year-old Caucasian male with a history of T2D (last 
A1C of 8 %) and hypertension for 12 years presents for rou-
tine follow-up. Current medications are lisinopril 20 mg, as-
pirin 81 mg, and glipizide 10 mg (all daily). Vital signs are 
BP 148/90 mmHg, heart rate 78 beats per minute and regular, 
and body mass index (BMI) 33 kg/m2. Physical examination 
is remarkable for trace pitting ankle edema and decreased 
monofilament sensation in his soles. An assessment of his 
lifestyle reveals a diet rich in saturated fat and refined carbo-
hydrates (including eating out at fast food restaurants several 
times a week), sugar sweetened soda consumption at least 
three 12 oz. cans a day, limited physical activity (minimal 
walking, no aerobic exercise, and no stretching or strength-
ening), disturbed sleep patterns (feeling tired in the morning), 
and half a pack per day tobacco use for 10 year). His wife 
notes loud snoring but no breath pauses, or irregular breath-
ing. Laboratory assessment reveals a creatinine of 1.5 mg/
dL with a CKD-EPI eGFR of 52 ml/min/1.73 m2; the urine 
studies reveal an unremarkable urinalysis, and a urine albu-
min/creatinine ratio (UACR) of 900 mg/g of creatinine. This 
is stage G3a, A3 CKD caused by diabetic nephropathy. The 
lisinopril dose is intensified to 40 mg for albuminuria with 
high BP, and lifestyle medicine counseling is provided using 
a multidisciplinary team consisting of the physician, a nutri-
tionist, and a physical therapist. The interventions consist of:

Table 28.5  Nutritional therapy for each CKD stage
Nutrient Stage 1 Stage 2 Stage 3 Stages 4–5 Dialysis
Sodium (mg/day) 2000 2000 2000 2000 2000
Energy (kcal/kg/day) 35 under age 60 and 30–35 age 60 and older
Fat < 30 % of total nonprotein caloric intake, replace saturated fats with mono or polyunsaturated fats
Protein (g/kg/day)a 0.8 0.8 0.8 0.8 0.8–1.2(HD)/1.3 (PD)
Potassium (mg/day) V+ V+ V+ V+ 2000–3000 (HD)

3000–4000 (PD)
Phosphate (mg/day) None None 800–1000 800–1000 800–1000

V+  variable depending on the presence and risk of hyperkalemia, PD peritoneal dialysis, HD hemodialysis
a At least 50 % of protein intake should be of high biologic value (BV)
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including, at minimum, an RD for MNT is most likely to 
be successful to implement lifestyle modification for CKD 
patients in a busy clinical practice.
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Nonalcoholic Fatty Liver Disease (NAFLD): 
Impact on Public Health

NAFLD is the most common chronic liver disease in devel-
oped countries, affecting up to 30% of the adult population. 
Individuals with metabolic risk factors, particularly, the pres-
ence of obesity, insulin resistance, and diabetes, have a high 
prevalence of NAFLD estimated up to 80 % and greater than 
90 % in patients with class III (body mass index, BMI ≥ 40 kg/
m2) obesity. NAFLD is characterized by the accumulation 
of lipids within hepatocytes that occurs in patients who do 
not abuse alcohol. It encompasses a spectrum that includes 
isolated hepatic steatosis (IHS), and when accompanied by 
inflammation and liver injury, it is referred to as nonalco-
holic steatohepatitis (NASH). This distinction is important 
because NASH is much more likely than IHS to develop 
into cirrhosis (up to 30 vs. 3 %, respectively), and its com-
plications include liver failure and hepatocellular carcinoma 
(HCC). In contrast to the earlier held belief that NAFLD 
was a fairly benign condition, individuals with NAFLD and 
particularly NASH are actually at a higher risk for all-cause 
mortality. Death from cardiovascular disease (CVD) is the 
most common followed by malignancy and liver disease [1].

The apparent increase in cardiovascular risk in patients 
with NAFLD is in part mediated by common risk factors 
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such as diabetes, insulin resistance, hypertension, dyslipid-
emia, obstructive sleep apnea, and others (Table 29.1). An 
in-depth discussion of this association is beyond the scope of 
this chapter and has been recently reviewed [2].

Visceral adipose tissue (VAT) is prominent, dysfunction-
al, and active in NASH. Increases in VAT contribute to a pro-
inflammatory milieu through increased secretion of adipo-
cytokines such as tumor necrosis factor alpha (TNF-α) and 
interleukin-6 (IL-6) and reduced secretion of adiponectin, 
which worsens insulin resistance and systemic inflamma-
tion. The pro-inflammatory signals, which stem from VAT 
lead to liver injury and the accumulation of fat within the 
liver. Because obesity is such an important factor in NAFLD 
and its associated comorbidities, weight loss is the corner-
stone of any treatment approach.

Risk Factors and Disease Associations

How Does Obesity Promote Liver Injury in NAFLD 
and NASH?

Obesity, combined with host factors such as diet, sedentary 
lifestyle, and genetic predisposition, has been directly asso-
ciated with increases in the prevalence of insulin resistance, 
type-2 diabetes, metabolic syndrome, and NAFLD. Obesity 
itself represents a chronic, inflammatory condition result-
ing from an imbalance of the normal homeostatic regulation 
of energy intake, storage, and utilization. In the setting of 
obesity, particularly central obesity, there is an expansion of 
the VAT compartment, which has profound effects on insu-
lin resistance and systemic inflammation. The liver plays an 
important role in glucose and lipid metabolism as well as in 
the control of energy balance and body weight.

Energy balance is a major factor in liver fat accumulation. 
Although the liver is not meant to store fat, caloric excess 
and unmatched caloric expenditure can result in fat accumu-
lation in the liver. While data are limited, some studies sug-
gest that patients with NASH have increased caloric intake 
than healthy controls. Furthermore, overfeeding studies have 
shown that an increased intake of fat, glucose, or fructose 
can increase liver fat in young, healthy individuals [3].

Weight gain of more than 2 kg can result in elevated liver 
enzymes and the development of NAFLD after adjustment 
for age, gender, and baseline BMI [4]. The degree of weight 
gain also appears to be important with more significant 
weight gain associated with increased likelihood of develop-
ing NAFLD (Fig. 29.1).

Lean NAFLD

While most patients with NAFLD are obese, there is a subset 
of patients who are not. Lean patients with NASH can have 
the full spectrum of disease, including cirrhosis. The extent 
of excess abdominal fat required to produce a pro-inflamma-
tory milieu is not known, though there are established dif-
ferences in susceptibility to lesser degrees of obesity across 
ethnic groups. Adipose tissue insulin resistance is associated 
with increased liver fat content independent of obesity in 
humans. Weight gain even in nonobese subjects and the de-
velopment of metabolic risk factors in lean individuals pro-
motes the development of NAFLD [5]. Regardless of BMI, 
weight gain is a significant predictor of incident NAFLD.

Thresholds of lean individuals with “metabolic obesity” 
vary with different ethnic groups, and genetic background is 
associated with the development of NAFLD in nonobese (but 
often overweight) subjects. In the Dallas Heart Study, the 
prevalence of hepatic steatosis was 45 % in Hispanics, 33 % 
in non-Hispanic Caucasians, and 24 % in African-Americans 
[6]. In US populations with a BMI below 25 kg/m2, Hispan-
ic origin correlates with the presence of NAFLD. In Asian 
populations (WHO-defined BMI categories for public health 
action in Asians: normal weight (18.5 to < 23.0), moderate 
risk or overweight (23.0 to < 27.5), and high risk or obese 
(≥ 27.5)) [7], despite a historically lower prevalence of meta-
bolic risk factors and NAFLD, the incidence of NASH has 
increased dramatically and the prevalence of the disease is 
growing rapidly in this population [8]. Despite not having 
obesity as classified by BMI cutoffs for Caucasians (≥ 30 kg/
m2), Asian individuals (≥ 27.5 kg/m2) often have central (vis-
ceral) adiposity, predisposing them to metabolic syndrome 
and insulin resistance [9]. Studies from Hong Kong Chinese 

Table 29.1  Risk factors associated with nonalcoholic fatty liver disease (NAFLD)
Major risk factors Conditions with emerging association Lifestyle risk factors
Abdominal obesity Hypothyroidism Physical inactivity
Insulin resistancea Obstructive sleep apnea Caloric excess
Type-2 diabetes Hypopituitarism Weight gain
Hypertriglyceridemiaa Hypogonadism Carbohydrate-rich, high-sugar, high-fat diets
Older age Polycystic ovary syndromeb

Hypertension Family history of diabetes
High-risk ethnic groups
Sex and menopausal status

a Metabolic syndrome components include insulin resistance, obesity, hypertension, hypertriglyceridemia, and depressed high-density  lipoprotein 
(HDL)-cholesterol
b It is unclear if this association extends beyond the common risk factor of insulin resistance



32329 Nonalcoholic Fatty Liver Disease and Steatohepatitis

and Asian Indians show that the odds ratio of clustering met-
abolic risk factors starts to increase at a BMI of about 23 kg/
m2 [9, 10]. Hence, there are different definition criteria for 
the diagnosis of metabolic syndrome among different eth-
nicities.

Sedentary Time/Inactivity

Patients with NAFLD generally engage in less than one 
half the amount of exercise performed by age- and sex-
matched controls, with less than 80 % not meeting current 
recommendations for physical activity (150 min or more of 
moderate-intensity physical activity per week) [11]. Glob-
ally in 2008, 31 % of adults were insufficiently active (men 
28 % and women 34 %). Decreased physical activity corre-
lates with increased amounts of intrahepatic fat, decreased 
insulin sensitivity, and increased abdominal fat [12]. Fur-
thermore, the amount of time patients are sedentary pre-
dicts higher levels of fasting insulin, independent of moder-
ate- or vigorous-intensity activity. Low aerobic capacity is 
a stronger predictor of CVD and mortality compared with 
other risk factors. Individuals with biopsy-proven NAFLD 
who did not meet vigorous activity exercise guidelines of 

≥ 75 min/week had greater odds of having NASH. Those 
who did not meet the guideline of moderate-intensity ex-
ercise of ≥ 150 min/week had an increased odds of having 
fibrosis, which suggests an increased risk of future cirrho-
sis [13].

Impact of Lifestyle Intervention

Promoting weight loss through lifestyle intervention is the 
cornerstone of treatment of NAFLD/NASH. The benefits of 
weight loss are clear; however, there are insufficient data to 
recommend a particular dietary approach or exercise pre-
scription that would offer the optimal benefit to patients with 
NAFLD.

Energy expenditure exceeding intake promotes the use of 
energy stores. This can result in decreased fatty acid deliv-
ery and uptake in addition to increased beta-oxidation in the 
liver, hence reducing intrahepatic triglycerides (TGs). More-
over, weight loss reduces VAT mass and thus reduces pe-
ripheral and hepatic insulin resistance via the suppression of 
lipolysis and a reduction in pro-inflammatory adipocytokine 
signals. The extent of weight loss directly correlates with 
the degree of hepatic fat reduction, severity of NAFLD, and 

Fig. 29.1  Alterations in adipose and hepatic tissue related to weight change. Adipose tissue undergoes significant transformation during weight 
gain that is characterized by adipocyte hypertrophy and infiltration by macrophages. These changes lead to adipocyte apoptosis and secretion of 
proinflammatory cytokines. This chronic inflammatory state then promotes insulin resistance. Alternately, weight loss produces decreased fatty 
acid delivery and uptake in the liver and reduces intrahepatic triglyceride stores. In addition, weight loss reduces visceral adipose tissue (VAT) 
mass and thus reduces peripheral and hepatic insulin resistance via improved suppression of lipolysis and a reduction in the pro-inflammatory 
adipocytokine signal. TNF-α tumor necrosis factor alpha, IL-6 interleukin-6, MCP-1 monocyte chemoattractant protein-1. (Reprinted from Journal 
of the Academy of Nutrition and Dietetics, 112(3), McCarthy, E, The Role of Diet and Nutrient Composition in Nonalcoholic Fatty Liver Disease, 
401-9, Copyright (2012), with permission from Elsevier)
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need not be extreme (as little as 3–5 %) to improve hepatic 
steatosis and liver enzymes [14]. However, more significant 
degrees of weight loss (7–10 %) may be needed to improve 
necroinflammation, steatosis, lobular inflammation, and 
NAFLD activity scores [15, 16].

Bariatric surgery is the most effective therapy for obesity 
with significant weight loss and weight loss maintenance. 
The average weight loss is 40 % for roux-en-y gastric bypass 
(RYGB), 35 % for vertical sleeve gastrectomy (VSG), and 
20 % for adjustable gastric band (AGB). Bariatric surgery is 
an option in individuals with NAFLD and/or who have co-
morbid conditions in addition to NASH. A comprehensive 
review discussing NAFLD/NASH and bariatric surgery is 
referenced here [17]. However, no randomized controlled 
trials have examined bariatric surgery as a treatment option 
for NAFLD or NASH. Results from several uncontrolled 
and small controlled studies indicate that weight loss (aver-
age 30 % reduction in BMI and/or 60 % excess weight loss) 
achieved through bariatric surgery reduces liver enzymes 
and improves NAFLD [18].

Weight loss is an effective treatment to improve the his-
tology of NASH, provided sufficient weight reduction can 
be achieved and sustained. However, sufficient weight loss 
is difficult to achieve in most patients. In practical terms, pa-
tients should be assigned a calorie goal based on their starting 
weight: 1200–1500 calories per day (kcal/day) if the baseline 
weight is less than 250 pounds (lb) or 1500–1800 kcal/day if 
the baseline weight greater than 250 lb. These calorie goals 
have traditionally produced weight losses of 0.5–1.0 kg/
week and 7–10 % weight reduction from initial body weight 
[19].

Extreme and rapid weight loss should be avoided since 
it can result in hepatic decompensation, particularly if the 
patient has more advanced underlying liver disease, which is 

frequently under-recognized. Patients should be encouraged 
to make sustainable changes to their diets that will result in 
weight loss over the long term rather than embarking on a 
dramatically different diet they cannot maintain. Specific 
nutritional changes beyond weight loss are discussed below 
and reviewed in Table 29.2.

Metabolic Effects of Macronutrients with 
NAFLD

Carbohydrate Metabolism

Fatty acids accumulate in hepatocytes from multiple sources. 
In patients with NAFLD, the majority of hepatic TGs come 
from peripheral lipolysis; however, compared to control sub-
jects, de novo lipogenesis (DNL) is also upregulated [20]. 
Carbohydrates are an important substrate for DNL, typically 
accounting for about 5 % of the total fatty acid flux to the liver 
in healthy patients and approximately 10 % in obese, hyper-
insulinemic patients. However, in patients with NAFLD, the 
contribution of carbohydrates may contribute up to 25 % of 
the substrate for DNL and therefore play a major role in he-
patic lipid accumulation in NAFLD. Foods contain a variety 
of carbohydrates ranging from simple monosaccharides to 
disaccharides to large polymers of glucose that have differ-
ing rates of absorption and impact on hepatic lipid metabo-
lism. Therefore, it is not just the quantity but also the type of 
carbohydrate ingested that may have differential effects on 
hepatic lipid accumulation in patients with NAFLD.

Fructose Metabolism in Fatty Liver
Distinctions between the metabolism of fructose and glu-
cose may explain how excessive fructose consumption could 

Table 29.2  Recommended lifestyle intervention for patients with NAFLD and NASH
Dietary Recommendation Include Avoid
1.  Weight loss ≥ 7–10 % of initial body weight 

Maintain weight loss
Count calories daily
1200–1500 kcal/day < 250 lb
1500–1800 kcal/day > 250 lb

Weight gain
High-calorie foods

2.  Dietary restriction of calories (500–1000 kcal/
day)

Empty calories

3. Low carbohydrate diet (< 40–45 %) Vegetables (3–5 servings/day)
Fruits (2–4 servings/day)

Simple carbohydrates, high-sugar foods

4. Replace calories with PUFA, MUFA Nuts, avocado, olives
Oily fish (salmon, tuna, mackerel, sardines)

Butter, margarine, cream sauces, and cream 
dressings

5. Avoid trans FA, limit saturated fats (7–10 %) Olive oil, olives Fast food, fried foods
6. Consume zero-calorie beverages Water is best Sugar-sweetened beverages

Wine (≤ 1 glass/day)
Coffee 1–2 cups/day

7. Increase physical activity Cardiovascular 5 × /week
Resistance training ≥ 2 × /week
150–300 min/week at moderate or 75–150 
min/week at vigorous intensity

Sedentary lifestyle

PUFA polyunsaturated fatty acid, MUFA monounsaturated fatty acid, FA fatty acid
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have an adverse effect on the liver (Fig. 29.2). Energy ap-
pears to be central to any effect of fructose on body weight 
in controlled feeding trials. Sugar-sweetened beverage con-
sumption correlates with the presence of metabolic syn-
drome. A high-fructose diet result in increase in intrahepatic 
fat [21, 22]. Daily fructose consumption (≥ 7 servings/week), 
after adjustment for total caloric intake, was associated with 
a lower steatosis grade but a higher fibrosis stage as well 
as increased hepatic inflammation and injury in older sub-
jects [23]. Fructose-sweetened beverages providing 25 % of 
energy requirements (55 % carbohydrate [CHO] total) pro-
duced dyslipidemia, insulin resistance, hepatic DNL, and an 
increase in postprandial TG when compared with glucose-
sweetened beverages [24]. In hypercaloric trials, fructose-
sweetened beverages have been associated with elevation 
in alanine aminotransferase (ALT) and intrahepatic lipids. 
However, data are inconsistent in hypercaloric trials. Isoca-
loric trials in which fructose are exchanged for glucose as 
beverages under energy-matched conditions have failed to 
show an effect [25–27]. In a systematic review, fructose in-
take and glucose intake had similar effects on liver fat and 
liver enzymes in healthy adults [28]. Comparing four equally 
hypocaloric diets containing different levels of sucrose or 
high-fructose corn syrup (HFCS) demonstrated reductions in 
all measures of adiposity and weight regardless of the type of 
sweetener [29]. In summary, the independent effects of fruc-
tose on the development and progression of NAFLD need to 
be further clarified.

Low-Carbohydrate Diets
Excess intake of refined carbohydrates (CHO) is associated 
with insulin resistance and obesity. Patients on low-carbo-
hydrate diets produce more glucose from lactate or amino 
acids than those on low-calorie diets and derive less of their 
glucose from glycogen. Furthermore, a low-carbohydrate 
diet can favor the use of intrahepatic fat as substrate for en-
ergy rather than utilizing glycogen stores [30]. Therefore, 
low-CHO (40–45 % CHO) hypocaloric diets in the short 
term reduce intrahepatic TG content, increase hepatic insu-
lin sensitivity, improve liver histology, and decrease endog-
enous glucose production, in addition to promoting weight 
loss [31]. Compared to low-fat diets, low-CHO diets result 
in greater short-term (< 6 months) weight loss, but both diets 
have similar long-term (> 1 year) weight loss benefits [32]. 
While biochemically one could hypothesize that different 
types of carbohydrates would have differential effects on 
plasma lipids and NAFLD, longitudinal trials have failed to 
show differences in blood lipids or liver enzymes between a 
high-sugar diet and high-complex CHO diet [33]. However, 
given the observational nature of some of these studies, ex-
trapolating the effects of differences in dietary macronutrient 
content is difficult as there could be many confounders—
dietary and other. In an important proof of concept study 
by Browning et al. [34], patients were fed either a calorie-
restricted (~ 1325 kcal/day, 50 % CHO) or a carbohydrate-
restricted diet (1550 kcal/day, ~20 g CHO/day or 8 % CHO). 
Despite an intake of 200 cal more in the CHO-restricted 

Fig. 29.2  Fates of glucose and fructose delivered to the liver and their introduction into the pathway of de novo lipogenesis (DNL). Of key impor-
tance is the ability of fructose to bypass the main regulatory step of glycolysis, the conversion of glucose-6-phosphate to fructose 1,6-bisphosphate, 
controlled by phosphofructokinase. While glucose metabolism is negatively regulated by phosphofructokinase, fructose can continuously enter 
the glycolytic pathway. Therefore, fructose can uncontrollably produce glucose, glycogen, lactate, and pyruvate. Unregulated fructose metabolism 
will promote the overproduction of triglycerides (TGs). The variations observed in gastrointestinal (GI) and appetite control of glucose and fruc-
tose can also be explained by differences in stimulation of insulin and leptin, important players in the long-term regulation of energy homeostasis. 
Fructose produces smaller insulin excursions upon consumption because it does not stimulate the secretion of insulin from pancreatic beta(β) cells, 
whereas glucose does. Insulin-regulated leptin will also have a reduced concentration and decreased effect on reducing appetite
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group, both groups had a 4 % weight loss, but the low car-
bohydrate group had a more significant reduction in hepatic 
fat [34]. Overall, carbohydrate restriction appears to improve 
intrahepatic TGs and liver histology.

Fat Metabolism

Low-Fat Diets

The link between fat intake and excessive weight gain is not 
limited to the high-energy content of fatty foods. Since the 
liver plays a key role in lipid metabolism, dietary fats may 
not only influence the pathogenesis of liver diseases but may 
also prevent and/or reverse disease manifestations. A few 
small human trials have noted that a high-fat isocaloric diet 
(60 % of total calories) for at least 2 weeks increases liver fat 
by 35 % [35]. However, well-controlled studies showed that 
when total fat intake ranges between 20–40 % of the total 
energy intake, no major effect is observed on insulin sensi-
tivity or body weight [36, 37]. A direct relationship between 
dietary fat and energy density has been questioned because 
many low-fat foods and diets displace fat with carbohydrates 
(often refined), leading to energy density values similar to 
those of their high-fat counterparts.

Monounsaturated Fatty Acids
Common MUFAs are palmitoleic acid (16:1 ω-7), cis-vac-
cenic acid (18:1 ω-7), and oleic acid (18:1 ω-9). The princi-
pal fatty acid esters present in a normal liver are palmitoleic 
acid (16:0, ω-7) and oleic acid (18:1, ω-9). Examples of 
foods high in MUFA include vegetable oils such as olive oil, 
canola oil, peanut oil, sunflower oil, and sesame oil. Other 
sources include avocados, peanut butter as well as many nuts 
and seeds.

An increase in MUFA intake, especially as a replacement 
for saturated fatty acids (SFAs), may offset the pro-inflam-
matory effects of SFA, decrease hepatic steatosis, and reduce 
insulin resistance. In individuals with diabetes, a high-fat 
diet (40 % total fat, 40 % CHO) with approximately 25 % of 
the energy from MUFA, resulted in lower hepatic fat, plas-
ma total cholesterol, very low-density lipoprotein (VLDL), 
and TG levels than did a low-fat, high-carbohydrate (~ 55 % 
CHO, 30 % fat) diet [38]. A meta-analysis suggests that a 
higher MUFA intake is associated with greater HDL and 
lower TGs as well as improved glycemic control in patients 
with diabetes [39]. Although data on MUFA are promising, 
no specific dietary recommendations have been determined 
for MUFA in patients with NAFLD.

Diets Low in SFAs
Greater than 10 % of total energy from SFAs can contrib-
ute to insulin resistance, increase oxidative stress, decrease 
fatty acid oxidation, and potentially promote NASH [40]. 

Saturated fats increase liver lipid content as these dietary 
components are known to increase hepatic production of 
cholesterol and TGs. A diet rich in SFAs can cause liver 
dysfunction by promoting endoplasmic reticulum stress 
and apoptosis. The degree of desaturation of the fatty acids 
modulates the metabolic signaling and energy metabolism. 
Both the increased ratio of saturated to unsaturated fat in the 
liver and the quantity of fat in the liver represent an impor-
tant aspect in the pathogenesis of chronic liver disease and 
metabolic diseases. However, no human studies have made 
a direct link between NAFLD and diets high in SFA. The 
potential sources of fatty acids contributing to fatty liver 
are the nonesterified fatty acid pool from adipose tissue, di-
etary fatty acids, and newly made fatty acids within the liver 
through DNL.

Polyunsaturated Fatty Acids
The two main families of polyunsaturated fatty acids 
(PUFAs) include omega (ω)-3 PUFA and omega (ω)-6 
PUFA. ω-3 PUFA thought to promote increased fatty acid 
oxidation and reduced DNL includes the essential fatty acid, 
α-linolenic acid (ALA), which can be further metabolized 
to eicosapentaenoic acid (EPA) and docosahexaenoic acid 
(DHA). The ω-6 PUFA family comprises the essential fatty 
acid, linoleic acid (LA), and its primary metabolite, arachi-
donic acid (AA), which have more of a pro-inflammatory 
effect. Patients with NASH may have an imbalance in the 
increased ω-6:ω-3 ratio contributing to a pro-inflammatory 
state. PUFAs have positive effects on intrahepatic fat accu-
mulation in patients with NAFLD [41]. Clinical trials have 
shown that the replacement of SFA and trans fatty acids with 
dietary PUFA reduces the incidence of coronary artery dis-
ease (CAD; [42]).

Omega-3 Fatty Acids
Low amounts of ω-3 PUFAs (eicosapentaenoic acid 
(C20:5ω3, EPA) and docosahexaenoic acid (C22:6ω3, DHA) 
are associated with an increase in oxidative stress, a decrease 
in fatty acid oxidation, and depletion of PUFA in the liver. 
ω-3 PUFAs are mostly produced in the liver under physi-
ological conditions, therefore alterations in their metabolism 
during NAFLD could be both a consequence of reduced ω-3 
intake and reduced ω-3 bioavailability.

Fish oil supplementation improves insulin sensitivity, 
decreases intrahepatic TGs, and increases adiponectin con-
centrations in the circulation and VAT in both animals and 
humans [43]. Consuming fatty fish rich in ω-3 PUFAs at 
least twice a week remains a key strategy for diabetes man-
agement and cardiovascular benefits. However, there is con-
troversy over ω-3 supplementation because it has not been 
proven to induce any change in insulin sensitivity [44, 45].

In a systematic literature review of randomized control 
trials, six of the eight trials showed that PUFA supplemen-
tation significantly reduced hepatic fat but had no signifi-
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cant benefit on liver enzymes [46]. In NASH patients with 
diabetes who were fed an isocaloric diet, supplementation 
with PUFA’s EPA (2.1 g) and DHA (1.4 g) did not improve 
liver enzymes or hepatic steatosis, while insulin resistance 
worsened [45]. Despite a strong theoretical rationale, a well-
powered double-blind placebo-controlled trial of high- and 
low-dose EPA in patients with NASH failed to show ben-
efit in liver enzymes, histology, or insulin resistance [47]. 
In summary, there is no evidence that ω-3 fatty acid sup-
plements are beneficial in human NASH, therefore fish oil 
supplements are not specifically recommended as a therapy 
for NAFLD.

Omega-6 PUFAs
The ω-6 PUFAs include LA which can be found in vegetable 
oils such as soybean, safflower, maize, and rapeseed oils. 
Another ω-6 PUFA provided by the diet is AA, which can be 
found in meats, poultry, and eggs. Individuals with NASH 
have lower ω-6 ratios compared with healthy controls, a 
trend driven mainly by the change in AA levels [48]. The 
decrease in hepatic AA observed in NASH patients as well 
as a decreased EPA/AA ratio in NAFLD patients can be a 
possible link between NAFLD and CVD.

An ω-6 PUFA-rich diet (particularly linoleic) is associ-
ated with decreased risk of coronary heart disease (CHD; 
[49]). In one study, replacement of 10 % of calories from 
SFA with ω-6 PUFA reduces the ratio of total cholesterol 
to high-density lipoprotein (HDL)-cholesterol to a greater 
extent than that observed with similar replacement with car-
bohydrate [49]. Based on lack of data, no conclusions can be 
made regarding whether increased ω-6 PUFA consumption, 
above the currently recommended levels (5–10 % of energy), 
should be recommended in NAFLD patients [49, 50].

Protein Metabolism

While by a distinct mechanism than obesity, protein calo-
rie malnutrition can result in hepatic steatosis. Available 
evidence suggests that whey protein and soy protein could 
prevent or ameliorate fatty liver, but these studies are ex-
clusively limited to animals [51]. While there are theoretical 
benefits to a high-protein diets and limited animal data in 
fatty liver, recommendations regarding dietary protein as a 
disease modifier in NAFLD cannot be made at this time.

Other Dietary Factors Impacting NAFLD/NASH

Alcohol

CVD is the most common cause of death in patients with 
NAFLD. Landmark papers have shown that moderate wine 
consumption decreases metabolic risk factors as well as 

all-cause and cardiac mortality [52]. However, alcohol is a 
known hepatotoxin that is known to contribute to the burden 
of liver disease. A mounting body of evidence suggests that 
modest alcohol intake may not be harmful for patients with 
NAFLD or NASH and may even be protective. National 
Health and Nutrition Examination Survey (NHANES) indi-
cated participants who consumed up to 10 g of wine (equiva-
lent to one standard drink or about 100 ml) per day were 
half as likely to meet criteria for NAFLD. A meta-analysis 
of approximately 43,000 individuals determined that modest 
alcohol consumption is associated with a significant protec-
tive effect of 31 % on the risk of having NAFLD and protec-
tion from NASH in patients with available histology [53]. 
Cross-sectional analyses have associated moderate alcohol 
consumption (≤ 20 g/d) with a reduction in liver steatosis (ul-
trasound) and NASH risk (biopsy). Despite these provoca-
tive results, it is too early to encourage moderate drinking 
in patients with NAFLD; however, a discussion of risks and 
potential benefits in selected patients is appropriate. In the 
setting of advanced NASH or NASH cirrhosis, complete ab-
stinence should be stressed due to the risk of hepatic decom-
pensation and risk of hepatocellular cancer potentiated by 
alcohol [54].

Coffee

Coffee consumption is associated with a reduction in NAFLD 
and liver fibrosis. Studies have linked coffee consumption 
with decreased hepatic fibrosis in patients with chronic liver 
disease, especially hepatitis C and HCC [55]. Coffee intake is 
inversely associated with advanced fibrosis among NAFLD 
patients with lower degrees of insulin resistance [56]. Aside 
from fibrosis, daily coffee consumption did not affect any of 
the other histologic features associated with NASH [57]. It 
is unclear which of the 1000 + substances in coffee could be 
beneficial; however, it does not appear to be correlated to the 
amount of caffeine. Moderate daily unsweetened coffee may 
be considered a reasonable adjunct to patients with NAFLD 
due to its low risk and potential benefit [58].

Vitamin E

An important study showed that therapy with vitamin E (rrr-
alpha tocopherol) at 800 IU per day in patients with NASH 
resulted in histological improvement in a greater number 
of patients compared to placebo [59]. However, the study 
was limited to nondiabetic patients and therefore the con-
clusion cannot be extrapolated to patients with diabetes. In 
addition, there are concerns (albeit controversial) regarding 
the long-term safety of vitamin E given reports that it may 
increase all-cause mortality [60, 61]. Furthermore, treatment 
with vitamin E may be associated with an increased risk of 
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developing prostate cancer as suggested by a recent trial of 
approximately 35,000 men [62]. There are insufficient data 
to recommend vitamin E for NASH patients with concomi-
tant diabetes or cirrhosis. Importantly, there is no evidence 
that Vitamin E improves fibrosis, which may be the most 
relevant histological endpoint.

Physical Activity

General Statements

Exercise enhances insulin sensitivity, reduces the progression 
to type-2 diabetes, maintains weight loss, reduces visceral 
fat, improves measures of cardiac output and VO2max, and 
favorably modifies the lipid profile independent of weight 
loss. Improvement in insulin sensitivity correlates with a 
reduction in total body fat, especially in visceral adiposity, 
which in turn reduces free fatty acid delivery to the liver. 
Regular physical activity may reduce hepatic fat content 
through several different mechanisms, including increased 
hepatic and muscle fatty acid oxidation, reduced postpran-
dial hepatic lipogenesis, reduced fatty acid flux, and a reduc-
tion in pro-inflammatory signaling. Furthermore, increased 
lean mass (fat-free mass) increases glucose uptake, thus pro-
viding another mechanism by which exercise could protect 
against the development of fatty liver. However, to date only 
a few intervention studies have assessed the effect of exer-
cise, either alone or in combination with diet, on hepatic fat 
content [16, 63]. Moreover, most of these studies included 
a combination of exercise and caloric restriction, making it 
difficult to independently assess the role of exercise.

Aerobic Versus Resistance Training

Regular increased aerobic exercise improves the metabolic 
parameters associated with NAFLD. Aerobic exercise re-
duces the relative risk of NAFLD and hepatic TG content 
by 21–35 % [64]. Regular aerobic exercise > 3 times/week 
for ≥ 30 min/session for 1–3 months reduced the risk of 
NAFLD, liver fat, and decreased liver enzymes in patients 
with NAFLD independent of obesity [65]. Endurance train-
ing (4 ×/week for 40 min) reduces waist circumference and 
blood pressure and increases HDL-cholesterol in patients 
with CVD which is relevant to NAFLD since CVD is the 
most common cause of morbidity and mortality in these pa-
tients [66].

Resistance exercise 2–3 ×/week for 8–12 weeks reduces 
liver fat independent of weight loss [67, 68]. Aerobic ex-
ercise is considered the treatment of choice, but resistance 
training can improve hepatic insulin resistance and decrease 
visceral fat regardless of weight loss.

Intensity and Duration of Exercise

Aerobic training for 30 min daily at 60–70 % VO2max im-
proves insulin sensitivity, TGs, and liver enzymes. Moder-
ate to vigorous activity of at least 150 min/week decreased 
the odds of developing fatty liver by 49 % [69]. Vigorous 
activity and doubling the duration of vigorous exercise was 
associated with decreasing the odds of developing NASH. 
Patients who increased their physical activity by 60 min or 
more per week significantly reduced their weight and liver 
enzymes independent of body weight [70].

At this time, there is no consensus on the specific exer-
cise prescriptions with regard to frequency, duration, inten-
sity, or combination with resistance training in the NAFLD/
NASH population. The World Health Organization (WHO) 
and American College of Sports Medicine (ACSM) recom-
mend at least five sessions of physical activity for at least 
150 min of moderate activity (but preferably 300 min) or 
75 min of vigorous activity (but preferably 150 min) per 
week to achieve health benefits (see ACSM and WHO exer-
cise guidelines; [71, 72]).

Behavior Therapy

Cognitive behavioral therapy (CBT) has been used in most 
of the interventions for weight loss. This therapy changes 
behaviors and cognitive processes, which underlie dietary 
habits in order to increase adherence to the intervention. 
The CBT approach produces an average weight loss of 0.5–
1.0 kg/week, to a total weight loss of 8–10 % with drop-out 
rates less than 20 % [73]. Behavioral intervention in addi-
tion to weight loss and exercise results in improvement in 
liver enzymes [74]. The Diabetes Prevention Program [75] 
and the Look AHEAD study [76] compared CBT with stan-
dard nutritional treatment in NASH [15]. In a subgroup of 
the Look AHEAD cohort, participants in the lifestyle group 
lost more weight and had a larger decrease in percent liver 
fat [16]. At 12 months, 3 % of subjects in the intensive life-
style group developed fatty liver, compared with 26 % in the 
controls [16]. Three areas of intervention (biological, cog-
nitive, and environmental) have been proposed to improve 
the long-term maintenance of lifestyle modification [4]. A 
review using behavioral therapy for NAFLD recommends 
that unstructured exercise and self-monitoring programs be 
used to improve compliance.

Case Study

A 42-year-old Hispanic male was seen for evaluation of right 
upper quadrant pain of 6 months duration. He had obesity, 
class 1, with a BMI of 32 kg/m2. Past medical history is no-
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table for a mixed hyperlipidemia, but no evidence of diabe-
tes or impaired fasting glucose.

Physical examination and laboratory analysis revealed 
hepatomegaly with an increased serum alanine aminotrans-
ferase concentration (55 U/L; Table 29.3). Obesity distribu-
tion (mid-circumference obesity), acanthosis nigricans, and 
adorso-cervical hump were noted on exam (Table 29.4). Se-

rologic evaluation excluded the presence of other forms of 
liver disease, including viral and autoimmune etiologies, and 
the patient did not consume alcohol.

A diagnosis of NASH was confirmed by liver biopsy 
which showed hepatic steatosis and liver injury (cellular bal-
looning and inflammation; Fig. 29.3) in addition to pericel-
lular fibrosis (Fig. 29.4).

Table 29.3  Case study hepatic panel
Lab results
Component Value Reference range
ALB 4.7 g/dL 3.5–5.7 g/dL
ALT 62 unit/L 0–52 unit/L
AST 42 unit/L 0–39 unit/L
TBILI 0.6 mg/dL 0.3–1.9 mg/dL
ALKPHOS 49 units/L 30–115 units/L
Cholesterol 171 mg/dL < 200 mg/dL
LDL-cholesterol 107 mg/dL < 100 mg/dL
Glucose 96 mg/dL < 100 mg/dL

LDL-cholesterol low-density lipoprotein cholesterol, ALB albumin, ALT alanine aminotransferase, AST aspartate aminotransferase, TBILI total 
bilirubin, ALKPHOS alkaline phosphatase

Fig. 29.3  A diagnosis of nonalcoholic steatohepatitis (NASH) was 
confirmed by liver biopsy which showed hepatic steatosis and liver in-
jury (cellular ballooning and inflammation)

 

Table 29.4  Case study risk factors for metabolic syndrome. (Weight: 230 lbs (104.5 kg), height: 5 ft 11 in. (71 in.))
Risk factor Patient level Defining level
Abdominal obesity Waist circumference 41 in. (104 cm) Men > 102 cma

Women > 88 cm
Triglycerides 171 mg/dL <150 mg/dL
HDL-cholesterol n/a Men < 40 mg/dl

Women < 50 mg/dl
Hemoglobin A1c 5.1 % 5.7–6.4 % pre-diabetes

≥ 6.5 diabetes
HDL-cholesterol high-density lipoprotein cholesterol
a 84 and 74 cm for males and females, respectively (Asian population)

Fig. 29.4  A diagnosis of nonalcoholic steatohepatitis (NASH) was 
confirmed by liver biopsy and showed pericellular fibrosis
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Dietary Recall
Breakfast 6 a.m.: bagel, coffee with half/half and sugar, or 
cereal (granola), skim milk

Snack: Yoplait™ whip yogurt
Lunch 1:30 p.m.: sushi (vegetable roll) or grilled cheese 

panini on white, with potato chips and diet coke
Dinner: frozen pizza or frozen meal

Snack: Klondike bar × 2 or popcorn (microwave) with 
butter

Drinks: water, seltzer, heifer, juice one cup per day
Biggest challenge with eating: overeating at night, eating 

out for lunch most days at work

Physical Activity Not Structured
Activities of preference: walking by the lake for 30 min 2 ×/
week, yoga 1 ×/week.

He has a gym membership but does not use it.

Plan
Dietitian consultation.

Dietary therapy was initiated to promote weight loss with 
a goal of 10 % weight reduction in 6 months.

RD visit: The diet chosen was the Mediterranean-style 
low-calorie diet for weight loss and healthy eating.

1. Decrease calorie intake:
a. 2000 cal/day (based on Mifflin St. Jeor) [77]− 500 cal/

day for weight loss = 1500 cal/day
b. Track calories daily via online tracking program
c. Weekly weights

2. Dietary macronutrient recommendations:
a. Low simple sugar: Avoid high fructose and glucose 

in foods (in yogurt, cereal, bars, canned fruit, juice, 
syrups, agave, honey, sugar, high-fructose corn syrup, 
white sugar, and white breads)

b. 40 % carbohydrate intake = 150 g carbohydrate per day
c. Low saturated fat: 12–16 g saturated fat (7–10 %)

i. Limit saturated fat = cheese, sour cream, mayo, 
high-fat meats (ribs, marbling), high-fat dairy, 
coconut milk, butter

d. Increase MUFAs (nuts, seeds, olive/canola/peanut oil, 
and avocado) and PUFAs
i. Plant sources of ω-3 PUFAs include flaxseed 

(ground), oils (canola, flaxseed, soybean), and nuts 
and other seeds (walnuts, butternuts, and sunflower)

3. General dietary recommendations:
a. More fruits and vegetables (low calorie, high nutrient 

dense): 7–10 servings of fruits and vegetables each 
day
i. Fresh or frozen fruits, vegetables. Any non-starchy 

vegetable including mushrooms, beets, cucumber, 
pepper, onion, celery, spinach, kale, broccoli, cauli-
flower, carrots

b. Increase lean and vegetarian protein (low-saturated-fat 
protein sources)

c. Two or more servings of seafood per week
i. Fish high in ω-3 fatty acids include salmon, tuna, 

trout, mackerel, sardines, and herring
d. Use 1–2 low-calorie meal replacements per day (fro-

zen meals, shakes, and bars) for portion control
4. Activity recommendations:

a. Increase activities of daily living
i. Increase “less sedentary” time up to 2.5 h/day 

examples include walking, gardening, or dancing
ii. Structured activity = 30–60 min of moderate inten-

sity ≥ 5 × /week or 20–60 min vigorous intensity 
≥ 3 × /week

Conclusion

In summary, weight loss, physical exercise, and dietary 
changes should be implemented on a long-term basis 
in all patients with NAFLD/NASH, regardless of the 
severity of their disease. Long-term lifestyle treatment 
of NAFLD optimally involves a multidisciplinary ap-
proach where physicians work together with trained life-
style counselors (e.g., dietitians, psychologists, exercise 
physiologists, case managers, and nurse practitioners) to 
implement an effective and sustainable lifestyle modifi-
cation program.
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Abbreviations

ADHD Attention deficit hyperactivity disorder 
BMI Body Mass Index 
CD Crohn’s disease 
CMV Cytomegalovirus
DNA Deoxyribonucleic acid 
EKG Electrocardiogram
FISH Fluorescence in situ hybridization 
FODMAPs  Fermentable oligo-, di- and mono-saccharides 

and polyols 
GERD Gastroesophageal reflux disease 
GI Gastrointestinal 
HIV Human immunodeficiency virus 
IBDs Inflammatory bowel diseases 
IBS Irritable bowel syndrome 
LES Lower esophageal sphincter 
NCGS Non-celiac gluten sensitivity 
NSAIDs Nonsteroidal anti-inflammatory agents 
n-3 FA Omega-3 fatty acids 
n-6 FA Omega-6 fatty acids 
PCR Polymerase chain reaction 
PUFA Polyunsaturated fatty acids 
RD Registered dietitian 
RNA Ribonucleic acid 
SCFA Short-chain fatty acids 
tTG Tissue transglutaminase 
tTG IgA Tissue transglutaminase immunoglobulin A 
tLESRs  Transient lower esophageal sphincter relax-

ations 
T-RELP  Terminal restriction fragment length polymor-

phism 
UC Ulcerative colitis 
UDCA Ursodeoxycholic acid 

Introduction

Lifestyle medicine, emphasizing prevention as well as 
therapy, plays a fundamental role in the understanding and 
treatment of all gastroenterologic illnesses. This chapter will 
focus upon the central pathophysiologic features of specific 
gastrointestinal (GI) illnesses and identify lifestyle interven-
tions, which can prevent or ameliorate the disease. A grow-
ing body of scientific evidence has demonstrated that life-
style intervention in the treatment of chronic diseases can be 
as effective as medication without the risks and unwanted 
side effects.

Gastroesophageal Reflux Disease

The primary event in gastroesophageal reflux disease 
(GERD) is the movement of gastric juice from the stom-
ach into the esophagus. The three dominant pathophysi-
ologic mechanisms causing reflux include a hypotensive 
lower esophageal sphincter (LES), transient lower esopha-
geal sphincter relaxations (tLESRs), and the presence of a 
hiatal hernia. Mucosal injury is related to the potency and 
frequency of refluxate and mucosal integrity. The frequency 
of tLESRs is increased by gastric distention or by assum-
ing an upright position. Esophageal sphincter pressure can 
be reduced by a variety of factors including diet and drugs, 
such as smooth muscle relaxants. The diaphragm as well as 
the LES contributes to sphincter competence. The pinchcock 
effect of crural contraction is altered in the presence of a 
hiatus hernia. Obesity is a risk factor for GERD and erosive 
esophagitis. There is a significant correlation of body mass 
index (BMI) and waist circumference with intragastric pres-
sure and the gastroesophgeal pressure gradient. Abdominal 
obesity has been associated with increased reflux symptoms 
[1]. Lifestyle changes recommended for reducing symptoms 
of GERD include weight reduction, reducing meal size, 
elimination or modification of selected dietary factors, and 
improved sleep hygiene (Table 30.1). Smoking should be 
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avoided since smoking reduces the buffering effect of sa-
liva, decreases LES pressure and reduces coughing episodes, 
which may increase reflux events.

Peptic Ulcer Disease and Gastritis

Three causal factors related to peptic ulcer disease include 
the presence of Helicobacter pylori infection, the use of 
nonsteroidal anti-inflammatory agents (NSAIDs), and 
psychological factors in selected subgroups of patients. 
H. pylori has been demonstrated to be the major cause 
of peptic ulcer and gastritis in humans and is present in 
over 90 % of duodenal ulcer patients [2]. Eradication of 
H. pylori significantly decreases the recurrence of duode-
nal ulcers. Epidemiologic studies reveal an increased in-
cidence of H. pylori infection in the children of lower so-
cioeconomic status in developing countries. The infection 
is usually acquired at an early age and last a lifetime. Risk 
factors relate to fecal-oral transmission, living conditions 
associated with overcrowding, number of siblings, bed 
sharing, and lack of running water. Lifestyle changes, em-
phasizing improvement in living conditions and hygiene 
facilities, have reduced the incidence of H. pylori infection 
in developing countries. Consumption of salted foods may 
increase the possibility of persistent infection and also in-
crease the risk of gastric cancer [3]. NSAIDs act directly 
through inhibition of prostaglandin synthesis affecting the 
amount of gastric acid generated, the integrity of the mu-
cosal barrier, the amount of bicarbonate and glutathione 
produced, and the rate of mucosal blood flow. NSAIDs 
are typically used for symptoms associated with muscu-
loskeletal disease and headaches. In addition to analgesia, 
aspirin causes irreversible inhibition of normal platelet 
function. It is widely used for prophylaxis for thrombotic 
events such as myocardial infarction and stroke. The risks 
of gastrointestinal side effects from NSAIDs include caus-

ing peptic ulcers, which may lead to potential complica-
tions including bleeding or perforation [4]. Risks are great-
er with increased age, increased doses of NSAIDs, longer 
durations of therapy, and in those with a prior history of 
peptic ulcer disease. Lifestyle changes include avoiding 
the use of NSAIDs, using lower doses, or using alternative 
medications such as acetaminophen. Further preventive 
measures include behavior modification, joint protection, 
weight loss, and exercise. The pathogenesis of peptic ulcer 
is multifactorial, and psychodynamic factors are likely to 
play a role in a subset of patients. These factors need to be 
correlated with the pathophysiologic features noted above 
( H. pylori, NSAIDs, smoking, and alcohol). It has been 
noted that poorly tolerated stress or depressive symptoms 
at baseline increases the risk of ulcer development. Other 
psychosocial factors such as work-related stress and social 
problems are predictive of subsequent ulcer disease. Cata-
strophic societal conditions or natural disasters may play 
a role in the induction of peptic ulcer disease in certain 
subgroups of patients. Stress, anxiety, and depression have 
been known to impair ulcer healing. Lifestyle changes 
aided by psychiatrists, psychologists, or social workers 
may assist in appropriate integrative social adjustments.

Gallstone-Related Illnesses

Cholelithiasis is common among Western populations, oc-
curring approximately 6 % in men and 9 % in women [5]. 
Prevalence rates among various ethnic populations reveal 
increased levels to be greater among Hispanic and Native 
American populations as opposed to Asian and African-
American groups. Major risk factors include age, sex, preg-
nancy, oral contraceptives, estrogen replacement therapy, 
obesity, family history, hypertriglyceridemia, diabetes mel-
litus, rapid weight loss, post-bariatric surgery, prolonged 
total parenteral nutrition, certain drugs such as clofibrate 

Table 30.1  Lifestyle changes for gastroesophageal reflux disease (GERD)a

Lifestyle change Comment
Decrease alcohol, coffee, peppermint, chocolate Improves LES pressure
Practice abdominal breathing exercises
Decrease excessively hot liquids (such as tea), pepper and highly spiced foods, 
tomato paste, tomato juice

Improves esophageal mucosal health

Decrease soluble and insoluble fibers Improves gastric emptying
Avoid large quantities of food at one sitting or within 3 h of bedtime
Avoid tight-fitting garments Decreases intragastric pressure
Use oral lozenges Increases salivation, which neutralizes refluxed acid
Avoid smoking
Elevate head of bed 6–8 in. such that the head and shoulders are higher than the 
stomach (can use blocks of wood under the legs of bed or a foam wedge under the 
mattress)

Reduces night-time reflux

Keep liquid antacid at bedside if needed
a LES lower esophageal sphincter
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and ceftriaxone, hemolysis, and Crohn’s disease (CD). 
Conditions associated with gallbladder stasis promote stone 
formation by absorbing water causing enhanced bile acid 
concentration. Most patients with incidental gallstones will 
not develop symptoms and do not require therapy [6]. How-
ever, 15–25 % may develop biliary colic with right upper 
quadrant and right shoulder pain as well as the likeliness of 
recurrence predisposing patients to complications. Lifestyle 
changes may prevent the progression of biliary disease by 
noting the contributory causes and introducing prophylax-
is. Prophylactic cholecystectomy is not indicated for most 
patients with silent gallstones [7]. Specific attention to in-
dividual risk factors may prevent further complications. In 
some instances the use of ursodeoxycholic acid (UDCA) 
may be effective in reducing the risk of further stone for-
mation. This may be helpful as an adjunct to slow weight 
reduction in patients with obesity. In addition, increasing 
dietary consumption of coffee (2–4 cups/day), fiber, veg-
etable protein, nuts, calcium, vitamin C, and even alcohol, 
as well as increasing physical activity, reduces the risk for 
gallstones [8].

Pancreatitis

Acute pancreatitis is an inflammatory disease of the pan-
creas characterized by abdominal pain and elevated levels 
of pancreatic enzymes in the blood. Seventy-five percent 
of the cases of acute pancreatitis in the USA are due to 
gallstones and chronic alcoholism. Mechanical ampullary 
obstruction caused by small stones or transient reflux of 
bile into the pancreatic duct may occur during passage of 
gallstones. Small stones are associated with increased risk 
of pancreatitis. Other causes include hyperlipidemia, hy-
percalcemia, certain viral infections (e.g., cytomegalovi-
rus, CMV; mumps; zoster; and human immunodeficiency 
virus, HIV), abdominal trauma, ischemia, and certain med-
ications (e.g., metronidazole, tetracycline, furosemide, and 
thiazides). Prophylactic lifestyle modifications of etiologic 
factors are obviously related to antecedent triggering fac-
tors. Gallstone disease and its relationship to diabetes mel-
litus and obesity can be addressed as noted above. Chronic 
alcoholism noted by history requires appropriate atten-
tion and treatment. Metabolic evidence of hyperlipidemia 
should be treated by dietary control and statin medication. 
The etiology of hypercalcemia should be investigated to 
rule out hyperparathyroidism and other contributory fac-
tors. A medication history should be accurately obtained 
and suspicious medications known to induce pancreatitis 
eliminated. Drug-induced pancreatitis is classified based 
upon the number of cases reported, demonstration of a 
consistent latency period, and reaction with drug rechal-
lenge [9]. The etiology of acute pancreatitis should focus 

on prior symptoms of documentation of gallstones, alcohol 
use, history of hypertriglyceridemia, hypercalcemia, fam-
ily history, and medication history [10]. In short, lifestyle 
components that are associated decreased risk for chronic 
pancreatitis, and by extension pancreatic cancer, include 
tobacco cessation, moderation to avoidance of alcohol 
consumption, and sufficient physical activity and healthy 
eating that reduces insulin resistance, dyslipidemia, and 
excessive body weight [11].

Celiac Disease and Non-celiac Gluten Sensitivity

Gluten is a complex of water-soluble proteins from wheat, 
rye, and barley [12]. Celiac disease is characterized by 
chronic inflammation of the proximal small bowel mucosa, 
which heals when gluten-containing foods are completely 
eliminated from the diet. The immunogenic peptides are re-
sistant to digestion by proteases and are taken up by immune 
effector cells. Screening tests for celiac disease include 
antibodies against endomysium, tissue transglutaminase 
(tTG), and deaminated gliadin peptide. Overall, the tissue 
transglutaminase immunoglobulin A (tTG IgA) is the recom-
mended test to screen with confirmation by small bowel bi-
opsy. Non-celiac gluten sensitivity (NCGS) [13] comprises a 
variety of symptom complexes caused by gluten-containing 
foods. These patients have abdominal discomfort, bloating 
and flatulence as well as extra-intestinal symptoms such as 
headache, attention deficit hyperactivity disorder (ADHD), 
ataxia, or oral ulceration. In NCGS, screening tests and small 
bowel biopsies for gluten enteropathy are negative. Symp-
toms may improve or disappear with gluten withdrawal. Di-
etary lifestyle changes in both of these illnesses include strict 
adherence to a gluten-free diet monitored by a nutritionist or 
registered dietitian (RD) (Table 30.2).

Irritable Bowel Syndrome

Irritable bowel syndrome (IBS) is a GI disorder charac-
terized by chronic, recurrent abdominal pain associated 
with altered stool frequency and consistency. The illness is 
not explained by structural or biochemical abnormalities. 
More than 20 % of the population report symptoms consis-
tent with this disorder. IBS is the most common diagnosis 
noted among US GI practices [14]. The symptom onset and 
clinical relapses involve multifactorial triggers including 
genetic, environmental, and psychosocial components as 
well as a complex relationship with gut microbiota associ-
ated with a decrease in protective bacteria. Some cases trig-
ger a subtle immune system activation, which compromises 
the critical epithelial barrier. Epidemiologically, there is a 
predominance of females affected, a family history of IBS, 
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and a history of functional abdominal pain in childhood. 
Multiple factors play a role in the pathophysiology of IBS. 
Gastrointestinal motor function, specifically increased fre-
quency and irregularity of luminal contractions have been 
reported in diarrhea-prone IBS as well as prolonged transit 
time in constipation-prone IBS [15]. Visceral hypersensi-
tivity is a frequent finding expressed as increased sensa-
tion in response to dietary and emotional stimuli. Selected 
hypersensitivity of visceral afferent nerves in the gut trig-
gered by bloating or bowel distention engenders bowel 
symptoms. Intestinal inflammation, triggered by mucosal 
immune system activation, is characterized by alteration 
of specific immune cells and markers, particularly in pa-
tients with postinfectious IBS. Lymphocyte infiltration in 
the myenteric plexus and neuron degeneration have been 
reported. An increased number of mast cells have been 
demonstrated in the terminal ileum, jejunum, and colon 
in IBS patients. In addition, proinflammatory interleukins 
have been observed in IBS patients [16]. Postinfectious 
IBS has been reported based upon a history of acute diar-
rheal illness preceding the onset of IBS symptoms several 
months later. The diarrheal episodes have been reported 
in association with bacterial, viral, protozoan, and helmin-
thes infections [17]. Alteration in fecal microflora reveal 
that fecal microflora of IBS patients differ from healthy 
controls. This dysbiosis has been confirmed by a detailed 
analysis of fecal microbiota in IBS and control patients 
and correlated the findings with key clinical and physi-
ological parameters. An increased Firmicutes–Bacteroide-
tes ratio characterizes IBS patients [18]. Food sensitivity 
requires analysis, in large part due to the patient’s obser-
vations that certain foods may trigger and perpetuate IBS 
symptoms. Some patients report worsening of symptoms 
after eating and perceive food intolerance to certain foods. 
There is evidence to support the role of impaired carbo-
hydrate absorption. In particular, fermentable oligo-, di-, 
and mono-saccharides and polyols (FODMAPs) enter the 
small bowel and colon where they are fermented by co-
lonic bacteria forming short-chain fatty acids (SCFA) and 

gases (hydrogen, carbon dioxide, and oxygen) leading to 
abdominal bloating, cramps, and distention. Alternatively, 
diets low in FODMAP foods offer significant symptom re-
lief to selected patients (Table 30.3; [19, 20]). Psychoso-
cial factors may trigger abdominal pain and altered bowel 
function. Compared with controls, patients with IBS report 
more daily stressful events and exhibit increased anxiety, 
depression phobias, and somatization. Given the informa-
tion noted above, IBS treatment provides a number of pre-
scient areas whereby lifestyle interventions may be valu-
able. Since the two most significant features triggering 
IBS symptoms are food intake and psychosocial factors, 
lifestyle changes are directed to better nutrition, improved 
sleep hygeine, and stress reduction. Patients with IBS can 
initiate their evaluation by creating a 7-day written analy-
sis of food intake and timing of symptoms. Two thirds of 
IBS patients complain of symptoms within 15 min of eat-
ing, and 90 % are symptomatic within 3 h after a meal. 
Larger meals induce more symptoms than smaller meals. 
FODMAP foods should be reduced incrementally, the goal 
being gradual reduction in symptoms of bloating, disten-
tion, and pain. Consultation with an RD is recommended. 
Patients with IBS should have a minimum of 7–8 h of sleep 
nightly (adequate sleep will reduce the two major triggers 
of stress and food intake). Anxiety, depression, and stress 
can be reduced with an adequate exercise program as well 
as consultation with a psychiatrist, psychologist, or social 
worker when necessary.

Inflammatory Bowel Diseases

Ulcerative colitis (UC) and CD are chronic inflammatory 
disorders of the GI tract of unknown etiology and are col-
lectively referred to as inflammatory bowel diseases (IBDs). 
These illnesses are thought to arise from dysregulation of 
both the innate and adaptive immune systems leading to an 
abnormal inflammatory response to commensal bacteria in 
a genetically susceptible individual. Etiologic hypotheses 

Table 30.2  Gluten-containing and gluten-free grains, starches, and other carbohydrate sources
Gluten-containing foods Gluten-free foods
Barley Amaranth Sago
Bulgar Arrowroot Sorghum
Couscous Buckwheat Soy
Farina Cassava Tapioca
Graham flour Corn Yucca
Kamut Flax Wild rice
Rye Legumes/dry bean/peas/lentils
Semolina Millet
Spelt Nuts
Triticale Potatoes
Wheat Quinoa
Wheat germ Rice
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include defective mucosal integrity associated with altered 
mucous, increased permeability, cellular starvation, and 
impaired restitution. Persistent infection is likely related to 
dysbiosis by aggressive commensals and a diminution of 
protective bacteria. UC involves an inflammatory process 
affecting separate segments of the colorectal area presenting 
as proctitis, proctosigmoiditis, left-sided colitis, or univer-
sal colitis. CD is a transmural disease, affecting any section 
of the GI tract, most commonly the small bowel and colon 
(small bowel alone—33 %, Ileo-colic area—45 %, colon 
only—20 %). Epidemiologically, IBD may affect any age 
with peak incidence occurring at 15–30 years. The illnesses 
are essentially gender neutral, favoring Caucasians and Ash-
kenazi Jews. Environmental factors affecting IBD include 
cigarette smoking, urban living, diet, and oral contracep-
tives. A significant family history affects IBD as does the 
use of antibiotic therapy in early childhood. Clinical mani-
festations include persistent abdominal pain, nausea, emesis, 
fever, weight loss, and diarrhea (bloody diarrhea with UC; 
watery diarrhea with CD). Lifestyle risks for developing 
IBD include nutritional, environmental, and activity fac-
tors. The role of dietary was evaluated in Canadian children 
less than 20 years newly diagnosed with CD and compared 
with matched hospital controls [21]. The findings indicate 
that an imbalance in consumption of fatty acids, vegetables, 
and fruits is associated with CD risk. In addition, the ratio 
of long-chain omega-3 fatty acids (n-3 FA) to omega-6 fatty 
acids (n-6 FA) may also be related to the etiology of CD. 
A systematic review used guideline-recommended method-
ology to evaluate the association between pre-illness intake 
of nutrients and the risk of subsequent IBD diagnosis [22]. 
High intake of total fats, polyunsaturated fatty acids (PUFA), 

n-6 FA, and meat are associated with an increased risk of CD 
and UC. In addition, high fiber and fruit intakes are associ-
ated with decreased CD risk, and high vegetable intake is 
associated with decreased UC risk.

In families where there is a history of IBD, the limited 
use of antibiotics and early introduction of dietary changes 
would be appropriate in asymptomatic children. The devel-
opment and progression of IBD is multifactorial based upon 
host genotype, immune disequilibrium, and the composition 
of microbial communities resident in the GI tract. At birth 
the GI tract is essentially sterile and appropriate develop-
ment of the immune system is dependent on GI coloniza-
tion. Initial microbiome colonization occurs following vagi-
nal delivery with transfer of maternal bacteria to the infant. 
Breast feeding also contributes bifidobacteria to the infant’s 
developing commensal bacteria. Thus, a mature adult mi-
crobiome is established within 2–3 years. Specific bacteria 
activate host immune responses to facilitate their own sur-
vival and competitiveness by inducing host production of 
defensins to eliminate potential competing organisms. Fur-
thermore, healthy GI microbiota enhance epithelial integrity, 
contribute protective mucous layers and immune system 
development, produce anti-inflammatory metabolites, and 
induce colonization resistance. Dysbiosis of GI bacteria in 
IBD has been reported in many studies and summarized by 
Nagalingam and Lynch [23]. Significant reductions in the 
abundance of members of the phylum Firmicutes have been 
noted in IBD patients. Their loss diminishes the production 
of SCFA reducing the nourishment of colonocytes and their 
anti-inflammatory activity. Lifestyle changes include re-
ducing the use of antibiotics in infants and toddlers, except 
where medically indicated, as well as recommending dietary 

Table 30.3  FODMAP (fermentable oligo-, di-, and mono-saccharides and polyols) food sourcesa

Free fructose Lactose Fructans Polyols Galacto-oligosaccharides
Apple Milk Peach Apple Legumes
Cherry Ice cream Persimmon Apricot Lentils
Mango Custard Watermelon Pear Chickpeas
Pear Soft cheese Artichokes Cherry
Watermelon Beetroot Avocado
Asparagus Brussels sprout Plum/Prune
Artichokes Chicory Nectarine
Sugar snap peas Fennel Cauliflower
Honey Garlic Mushroom

Leek Snow peas
Onion
Peas
Wheat
Rye
Barley
Pistachios
Legumes
Lentils
Chickpeas

a See [20]
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factors, which would enhance anti-inflammatory bacteria 
and prevent dysbiosis. The western diet is characterized by 
processed food and less vegetables, fruits, and fiber than in 
developing countries. Positive lifestyle dietary changes in-
clude the use of fiber and plant polysaccharides which are 
digested in the colon producing SCFA (acetate, propionate, 
and butyrate), which nourish colonocytes, providing energy, 
microbiome diversity, and less inflammation.

General Applications of the Microbiome Related 
to GI Illness and Immune Function

The role of the microbiome in human health and disease is 
important to the understanding of how bacteria contribute 
to health maintenance, how perturbations of the microbi-
ome can engender disease, and how corrective action can 
ameliorate illness. The microbiome consists of groups of 
bacteria distributed throughout the body, including the oral 
cavity, nose, all skin surfaces, lungs, vagina, and all GI sur-
faces, particularly the colon [24]. Recent advances in the 
functional contributions of bacteria in humans have been 
accelerated by the discovery of new methods of analysis 
of bacterial communities, particularly the fecal microbio-
ta. Molecular-based techniques use the bacterial 16rRNA 
gene as a marker of genetic diversity. Deoxyribonucleic 
acid (DNA) can be extracted, followed by polymerase 
chain amplification. Nucleic acid-based analytic meth-
ods useful in gut microbiota research include ribonucleic 
acid (RNA) dot blots for quantification of specific bacte-
rial populations, fluorescence in situ hybridization (FISH) 
for detection and quantification of bacterial cells, terminal 
restriction fragment length polymorphism (T-RELP) for 
profiling and quantifying of the bacterial community, and 
polymerase chain reaction (PCR) combined with denatur-
ing gradient gel electrophoresis (PCR/DGGE) for profiling 
the composition of bacterial communities for comparative 
analysis. Nucleic acid-based analysis of fecal samples en-
ables descriptions to be made of the phylogenetic composi-
tion of the microbiome. It enables the genetic potential of 
the microbiota to be determined (metagenomics) as well as 
the expression of genes at a point of time to be revealed 
(transcriptomics) [25]. Using our current understanding of 
disease pathogenesis in IBD as a paradigm, functional ge-
nomics has revealed a complex interaction between host in-
nate and adaptive immunity that provides protection against 
microbial invasion yet demonstrates tolerance to coloniza-
tion with mucosal surfaces. The loss of mucosal tolerance 
in association with defective innate immunity leads to an 
unrestrained immune response characteristic of IBD. Soci-
etal changes in concert with environmental changes related 
to westernized diets, sedentary activity, smoking, alcohol, 

and drugs have contributed to dysbiosis and aberrant func-
tional changes in the microbiome.

An expanding clinical trial evidence base has supported 
the use of probiotics in a variety of clinical scenarios. How-
ever, the answer is not simple with a variety of molecu-
lar targets, clinical endpoints, prebiotic (fiber and starch 
containing foods producing SCFA), probiotic, and symbi-
otic (pre- plus probiotic) formulations, and an underlying 
pathophysiology that is still elusive. Chatterjee et al. [26] 
found that Lactobacillus acidophilus LA-5 and bifidobac-
terium BB-12 did not decrease the incidence of antibiotic-
associated diarrhea in children but did reduce the duration 
of diarrhea. These results are consistent with many other 
clinical investigations of antibiotic-associated and hospi-
tal-acquired diarrhea in adults and children. In a small ran-
domized, controlled trial ( N = 37), Abbas et al. [27] found 
that Saccharomyces boulardii (750 mg/day × 6 weeks) and 
conventional ispaghula husk treatment improved inflam-
matory markers, histology, and quality of life in patient 
with IBS. Other clinical problems with evidence-based 
roles for probiotic intervention include cirrhosis [28], 
postgastrectomy [29], proton-pump inhibitor therapy [30], 
radiation enteritis [31], and travelers’ diarrhea [32], and 
post-bariatric surgery [33] with research studies underway 
in obesity [34] and diabetes prevention and treatment [35]. 
In short, with a relatively low side-effect profile, the use of 
pre- and probiotic therapeutic strategies promises to be an 
important component of lifestyle medicine in the manage-
ment of GI disease.

Case Report: Reflux esophagitis: A 62 y/o Caucasian male 
sanitation worker complains of chronic heartburn of increas-
ing severity for the past 6 years, exacerbated by increased 
physical effort on the job. He has gained over 10 pounds 
over the past year and currently has a BMI of 38 kg/m2. He 
has been a long-term one-pack-per-day cigarette smoker 
since age 20 and drinks 2–3 bottles of beer with lunch and 
evening meals. His past medical history is noncontributory 
except for an appendectomy at age 10. Family history: fa-
ther, age 80, has hypertension and is on Dyazide once daily; 
mother, age 75, is in good health. Two siblings, brother, age 
58, and sister, 56, are in good health. The patient has no al-
lergies and is currently taking ibuprofen 400 mg twice daily 
for muscular discomfort. He states that his heartburn has in-
creased after a heavy evening meal as well as at bedtime 
upon reclining; he is awakened frequently during the night 
with mid-chest burning, relieved, in part, by drinking milk 
or liquid antacid. Evaluation by his local internist reveals 
mild hypertension (BP = 145/85 mm Hg), elevated low-den-
sity lipoprotein(LDL)-cholesterol, and normal liver func-
tion tests; urinalysis is normal and stool guaiac is negative. 
Electrocardiogram (EKG) is unremarkable. Chest X-ray is 
negative. An upper GI series reveals a direct, sliding hiatus 
hernia; Upper GI endoscopy confirms evidence of the hiatus 



33930 Gastroenterology Disease and Lifestyle Medicine

hernia and esophagitis. There is no biopsy evidence of Bar-
rett’s esophagus, and H. pylori is absent. He is placed on ap-
propriate proton pump therapy as well as carefully explain-
ing the following lifestyle changes:

1. Weight reduction and an exercise program are essential to 
reduce abdominal pressure causing reflux of acid into the 
lower esophagus.

2. Alcohol use is restricted to minimize the toxic impact of 
alcohol on the sensitive distal esophageal mucosa, and 
smoking must be discontinued since it lowers the LES 
pressure allowing acid to enter the esophagus.

3. Elevation of the head of the bed at night using 6–8 in. 
blocks or a foam wedge decreases acid reflux.

4. Eating several hours before bedtime is recommended to 
assure retained food and fluid from refluxing.

5. Reducing meal size is helpful as well as avoiding fats, 
peppermint, and chocolate aid in reducing reflux frequen-
cy.

6. Citrus drinks, spicy foods, tomato-based products, coffee, 
tea, and cola drinks should be moderated due to their di-
rect impact upon the esophageal mucosa and the stimula-
tion of acid secretory activity.

7. Excessively hot foods may further irritate the esophageal 
mucosa.

8. Medications, which decrease LES pressure including 
barbiturates, calcium channel blockers, diazepam, me-
peridine, morphine, prostaglandins E2, serotonin, and 
theophylline should be avoided when possible.

Follow-up appointment is scheduled for 1 month to test ef-
ficacy of symptom reduction and then perform repeat upper 
gastrointestinal (UGI) endoscopy in 6 months to evaluate re-
duced esophagitis and absence of Barrett’s esophagus.
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Abbreviations
ADL Activities of daily living
BMD Bone mineral density
BMI Body mass index
CF Cystic fibrosis
CFA Coefficient of fat absorption
CFTR  Cystic fibrosis transmembrane conductance regu-

lator
COPD Chronic obstructive pulmonary disease
DASH Dietary approaches to stop hypertension
DIOS Distal intestinal obstruction syndrome
DIP Desquamative interstitial pneumonia
EELV End-expiratory lung volume
EPI Exocrine pancreatic insufficiency
ERV Expiratory reserve volume
FE1 Fecal pancreatic elastase-1
FEV1 Forced expiratory volume at 1 s
FFM Fat-free mass
FVC Forced vital capacity
GI Gastrointestinal
ILD Interstitial lung disease
IM Intramuscular
IPF Idiopathic pulmonary fibrosis
MMA Methylmalonic acid
NAC N-acetyl cysteine
NREM Non-rapid eye movement
OSA Obstructive sleep apnea
PERT Pancreatic enzyme replacement therapy
PLCH Pulmonary Langerhans’ cell histiocytosis
PMN Polymorphonuclear leukocytes

PN Parenteral nutrition
ppd Pack per day
RBILD  Respiratory bronchiolitis-associated interstitial 

lung disease
REE Resting energy expenditure
ROS Reactive oxygen species
TST Total sleep time

Introduction

Lifestyle medicine is an integral but often overlooked com-
ponent in the management of chronic pulmonary disease. 
Contributing to this deficiency is the general lack of substan-
tiating literature and specific evidence to guide pulmonolo-
gists on how to best address these crucial lifestyle issues. 
Typically, pulmonary disease lifestyle modifications pre-
dominantly and appropriately focus on smoking cessation 
given that:

• Smoking is the leading preventable cause of death and 
premature disease worldwide.

• Smoking is accountable for 20 % of deaths in men > 30 
years of age and 5 % in women worldwide and in the 
USA.

• Smoking is responsible for more than 435,000 smoking-
related deaths annually.

• For every death caused by smoking, approximately 20 % 
of smokers are afflicted with a smoking-related illness [1].

Pulmonary diseases tend to be systemic processes that affect 
multiple organ systems. For instance, pulmonary hyperten-
sion can cause right ventricular dysfunction and cor pulmo-
nale; obstructive sleep apnea (OSA) can cause hypoxemia 
that worsens pulmonary hypertension, and OSA is associated 
with systemic hypertension and increased risk for ischemic 
strokes. Similarly, there are systemic effects of treatments 
for chronic pulmonary diseases. Steroids are an effective an-
ti-inflammatory that are associated with glucose intolerance, 
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hyperglycemia, body composition change, muscle loss, and 
bone loss; steroid-sparing agents are associated with immu-
nosuppression, liver function abnormalities, and bone mar-
row suppression. Thus, an integrative approach to chronic 
pulmonary disease that accounts for these systemic effects 
can be highly effective and therapeutic. More specifically, 
a comprehensive lifestyle medicine approach for chronic 
pulmonary disease should focus on smoking cessation, nu-
trition, depression, physical activity, sexual dysfunction, be-
havior, and sleep hygiene.

Cystic Fibrosis

Cystic fibrosis (CF) is an autosomal recessive disease in-
volving mutations in the cystic fibrosis transmembrane con-
ductance regulator (CFTR) gene that affects multiple organ 
systems, such as the lungs, kidneys, and pancreas.[2] CF 
affects approximately 80,000 individuals worldwide [3]. 
According to the 2005 CF Foundation patient registry re-
port, 23 % of children with CF are below the 10th percentile 
weight-for-age and 22 % of adults with CF have a body mass 
index (BMI) that is underweight. The malnutrition associat-
ed with CF is due to increased energy expenditure, increased 
micronutrient requirements, and nutrient malabsorption [4]. 
The energy expenditure of a patient with CF is determined by 
resting energy expenditure (REE; 60–70 %), physical activity 
(10–25 %), and diet-induced thermogenesis (10 %) [5]. The 
majority of CF patients have a higher energy requirement—
approximately 120–150 % of normal requirements—due to 
increased resting energy expenditure and work of breathing 
resulting from obstructive and restrictive lung disease [6].

Approximately 80–90 % of CF patients exhibit exocrine 
pancreatic insufficiency [3, 7, 8]. Decreased production and 
secretion of pancreatic enzymes lead to maldigestion and 
malabsorption of fat (and consequently fat-soluble vitamins 
[A, D, E, and K]) and protein. Approximately 20–30 % of CF 
patients are predisposed to distal intestinal obstruction syn-
drome (DIOS), which is characterized by partial or complete 
fecal obstruction of the ileo-cecum. Impaired fat absorption 
in DIOS leads to significant malnutrition, failure to thrive, 
and steatorrhea [3]. Malnutrition in CF patients is also as-
sociated with worse overall general health, worse severity of 
pulmonary disease, and overall shorter life expectancy [4, 9].

CF patients have higher prevalence rates of osteoporosis 
and fractures. This is generally due to glucocorticoid thera-
py, malabsorption (leading to vitamin D undernutrition and 
secondary hyperparathyroidism), malnutrition, hypogonad-
ism, decreased physical activity, and smaller skeletal frames 
[10]. Ferguson et al. [11] reported that a low bone mineral 
density (BMD) was associated with reduced vitamin D lev-
els, despite oral supplementation of 400–800 IU vitamin D 

daily. CF patients should have 25-hydroxyvitamin D levels 
measured routinely and then supplemented if low (< 30 ng/
ml) [10], [12, 13]. The CF Foundation nutritional guidelines 
recommend the following: 400–500 IU vitamin D/day for 
children 12 months and younger, 800–1000 IU vitamin D/
day for 1–10 years of age, and 800–1200 IU vitamin D/day 
for 11 years and older.

Patients with CF must be screened for exocrine pancreatic 
insufficiency (EPI) via fecal analysis either by calculation of 
the coefficient of fat absorption (CFA; the “gold standard”) 
or by measurement of fecal pancreatic elastase-1 (FE1). 
EPI is treated with pancreatic enzyme replacement therapy 
(PERT) [14].

Vitamin B12 deficiency is seen in CF patients as another 
consequence of pancreatic insufficiency. The pathophysiol-
ogy of B12 deficiency is due to a lack of cleavage of R pro-
teins from the B12-intrinsic factor complex, leading to an 
inability of B12 to be absorbed in the terminal ileum. This 
deficiency is treated by initiation of PERT and vitamin B12 
supplementation as guided by monitoring of vitamin B12 
status [15, 16]. Vitamin B12 status is best assessed by mea-
suring methylmalonic acid (MMA) [17]. When B12 levels 
are insufficient or deficient, MMA levels are abnormally el-
evated.

Mild vitamin deficiency states are usually not clinically 
evident. Hence, a prudent strategy to prevent subclinical 
abnormalities is to prevent these anticipated deficiencies. 
Consensus recommendations are to prophylactically provide 
supplemental vitamins based on the patient’s risk status and 
clinical presentation. For patients at risk, we recommend 
biochemical testing (e.g., serum vitamin levels directly or 
with functional markers such as MMA) at baseline and fol-
low-up after treatment (Table 31.1) [5].

Antioxidants may have a role in the treatment of CF. The 
production of reactive oxygen species (ROS) from persistent 
polymorphonuclear leukocytes (PMN)-dominated inflam-
mation secondary to frequent recurrent pulmonary infections 
(specifically Pseudomonas aeruginosa) causes high levels 
of oxidative stress. The evidence to support the use of an-
tioxidants in CF patients remains equivocal; however, some 
studies have shown improvements in pulmonary function 
(forced expiratory volume at 1 s (FEV1) and forced vital ca-
pacity (FVC)) in CF patients treated with vitamin E, vitamin 
C, β-carotene, selenium, glutathione, and N-acetyl cysteine 
(NAC) [18].

Appetite stimulants, such as megestrol acetate (a proges-
terone steroid) and cyproheptadine hydrochloride (a sero-
tonin and histamine antagonist), have been used to improve 
weight gain and appetite, without any proven significant 
benefit to pulmonary function [19–22]. Despite attempts to 
improve appetite and to control fat maldigestion and malnu-
trition with PERT, higher fat diets, and/or vitamin supple-
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mentation, CF patients often require enteral tube feeding 
via a nasogastric or gastrostomy route in order to improve 
weight gain, nutritional status, lung function, and quality of 
life. More research is needed to compare tube feeding with 
oral supplementation and with normal diet [6]. Parenteral 
nutrition (PN) is recommended for infants and children after 
major gastrointestinal (GI) surgery or those who are severely 
ill and waiting for possible transplantation [5]. PN is also 
used for short-term support of adult patients with severe mal-
nutrition who are unable to tolerate enteral nutrition support. 
PN is not generally considered a solution for long-term nutri-
tion support in CF.

Physical activity is critical in the management of CF pa-
tients. Studies have shown that exercise therapy can lead to a 
slowed rate of decline in pulmonary function for CF patients 
[23].

Chronic Obstructive Pulmonary Disease

Chronic obstructive pulmonary disease (COPD) is a major 
global health issue. In 2020, COPD is projected to rank fifth 
in worldwide burden of disease and third in mortality. COPD 
is defined as a preventable and largely lifestyle-dependent 
disease [24]. COPD is characterized by persistent airflow 
obstruction (a mixture of small airways disease and paren-
chymal destruction) resulting from chronic inflammation 
and remodeling of the airways [25].

Among patients with COPD, low BMI has an indepen-
dent adverse effect on all-cause mortality and COPD mortal-
ity [26]. Moreover, increasing BMI was found to have an 
association with decreased mortality in patients with severe 
COPD [26]. The prognostic advantage of mildly increased 
BMI in COPD, a phenomenon known as the “obesity para-
dox,” is not fully understood [26, 27]. Conversely, obesity 
in COPD is associated with increased cardiovascular risk, 
related to a decrease in fat-free mass (FFM) and higher fat 
mass index, with redistribution of fat from subcutaneous to 
visceral areas [28]. Severe obesity presents the challenge of 
causing a restrictive physiology in pulmonary function in 

these patients, along with a significant decrease in expira-
tory reserve volume (ERV) and end-expiratory lung volume 
(EELV) [29].

Malnutrition is prevalent in patients with COPD: 30–60 % 
in inpatients and 10–45 % in outpatients [30, 31]. Weight loss 
in patients with COPD has been found to be an independent 
negative determinant of survival, substantiating an impera-
tive for achieving and maintaining a healthy weight in pa-
tient care [28]. Nutritional status is influenced by hormonal 
derangements in acute COPD exacerbations that cause el-
evated systemic levels of leptin and proinflammatory cyto-
kines that reduce appetite and decrease dietary intake [31].

Patients with low body weights have significant physi-
ological abnormalities compared to normal weight patients 
with COPD who have comparable respiratory mechanics 
and degree of airflow obstruction. Patients with lower body 
weights have a greater degree of gas trapping, lower dif-
fusion capacity, and lower exercise capacity. These physi-
ologic abnormalities are caused by the loss of body cell mass 
and the associated reduction in the mass of the diaphragm, 
and respiratory muscles, leading to decreased strength, and 
endurance [32].

Malnutrition also causes a decrease in immune status 
that further decreases airway defenses [32, 33]. To prevent 
hypercapnea, patients with COPD are often advised to limit 
carbohydrate consumption. This consequence of carbohy-
drate consumption can be overcome by consuming smaller 
meal portions throughout the day [31].

Patients with COPD should increase dietary intake of 
foods such as fruits and vegetables due to their rich anti-
oxidant content (vitamin C, vitamin E, β-carotene, and ca-
rotenoids), which have been shown to be associated with 
improvement of pulmonary function [34–39]. Other studies 
have reported associations between antioxidants (specifical-
ly vitamin C and lycopene) and all-cause mortality in COPD 
individuals [37].

Vitamin D deficiency plays an important role in bone and 
calcium balance as well as having anti-inflammatory and an-
ti-infectious properties. Oral supplementation of vitamin D 
(800–2000 IU/day) is recommended to achieve target serum 

Table 31.1  Vitamin supplementation in cystic fibrosisa

Vitamins Target population Recommended dosages
A Pancreatic insufficiency 4000–10,000 IU daily
D Pancreatic insufficiency 400–800 IU daily
E All CF patients 100–400 IU daily
K Pancreatic insufficiency 1 mg daily to 10 mg per week
B12 Schilling Test < 45 % after ileal resection 

pancreatic insufficiency
1000 μg intramuscular (IM) at least several times per week for 1–2 
weeks, then weekly until clear improvement is shown, followed by 
monthly injections
Alternative monitoring measurement: serum methylmalonic acid, 
homocysteine level, or both

Water soluble vitamins Not indicated with normal diet
a See reference [5, 17]
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levels  > 30 ng/dl along as is adequate elemental calcium 
from the diet and supplementation as needed [28]. There is 
also a role for adequate dietary fiber (> 25 g/day, the highest 
quartile/quintile based on the European Food Safety Author-
ity). Fiber has been reported to enhance lung function, lower 
the odds of developing COPD as well as to reduce the risk 
for respiratory symptoms in patients with COPD [24, 40, 
41]. However, the evidence base for these studies is rela-
tively small and more research is needed.

The most important lifestyle modification in COPD pa-
tients is smoking cessation. Cigarette smoking leads to in-
creased ROS that may cause inflammatory stress-induced 
damage [42]. Smoking cessation in COPD patients remains 
the only treatment shown to be effective in slowing down 
the decline in FEV1 [43] as well as decrease the frequency of 
early chronic respiratory symptoms in patients with COPD 
[44]. The Lung Health Study has shown that smoking cessa-
tion led to a small improvement in FEV1 in the first year and 
a reduction in the rate of decline by approximately 50 % in 
patients who sustained their abstinence from smoking. Sig-
nificant smoking reduction (< 5 cigarettes per day) is associ-
ated with a reduced FEV1 decline [44, 45].

Physical activity is an important lifestyle modification for 
patients with COPD and is a strong predictor of all-cause 
mortality [46]. Exercise limitation in chronic pulmonary 
disease patients is the result of multiple factors including: 
ventilation constraints, gas exchange abnormalities, cardiac 
dysfunction, peripheral muscle dysfunction, mood disorders, 
and limited motivation. Exercise is strongly encouraged, 
though many patients are often too debilitated to maintain 
vigorous physical activity. Therefore, pulmonary rehabilita-
tion has become an integral component in the management 
of COPD. Studies have proven the efficacy of a variety of 
outpatient pulmonary rehabilitation exercises such as inter-
val training, strength training, upper limb training, and trans-
cutaneous neuromuscular electrical stimulation [47]. One 
study has even shown that the use of progressive resistance 
training during hospitalization significantly improves lower-
limb muscle strength, 6-min walk test distance, and health-
care-related quality of life [48]. Pulmonary rehabilitation has 
been proven to be effective in improving symptoms, exercise 
tolerance, and quality of life. [47] Though the majority of 
studies have shown significant benefit of exercise training in 
moderate-to-severe COPD, there is recent evidence suggest-
ing that early recognition and exercise training for mild-to-
moderate COPD may improve exercise endurance, reduce 
hospitalizations, reduce symptoms, improve quality of life, 
and reduce health-care-related costs [49].

The prevalence of depression in COPD is 40 % with 20 % 
classified as moderate-to-severe [50]. Anxiety and depres-
sion correlate with health-related quality of life in COPD 
[51]. Depression can lead to further worsening of dyspnea 
due to hopelessness and decreased adherence with medical 

and rehabilitation interventions [50, 52–54]. To date, there 
are no studies that convincingly demonstrate the efficacy of 
antidepressant medications on depression symptoms, dys-
pnea, or other physiological metrics specifically in COPD 
patients [50].

Sexual dysfunction is a major determinant of quality of 
life in patients with COPD that also needs to be addressed 
in routine lifestyle evaluations [55]. Male sexual dysfunc-
tion has been correlated with COPD disease activity in the 
absence of other known causes of sexual dysfunction [56]. 
Erectile dysfunction is the most common sexual dysfunc-
tion experienced in men with COPD older than the age of 55 
years and leads to a significant negative impact on quality of 
life [57–59]. Sexual dysfunction is due to a combination of 
fear of dyspnea, reduced exercise tolerance, misconceptions, 
lack of understanding, and poor physical or mental health. 
Sexuality (including libido and performance) is negatively 
impacted by the use of noninvasive mechanical ventilation 
[60].

When evaluating patients with COPD, it is important to 
assess sleep quality and screen for sleep apnea and hypox-
emia. The prevalence of sleep apnea in COPD patients is 
similar to the general population; however, hypoxemia dur-
ing sleep is significantly more pronounced in the population 
with COPD [61]. Patient with COPD may develop hypox-
emia when sleeping, which can be attributed to the chronic 
pulmonary disease rather than sleep apnea. Sleep hypoventi-
lation is a common occurrence in patients with severe COPD 
and may contribute to chronic hypercapnic respiratory fail-
ure [62–64].

Asthma

Asthma is a chronic inflammatory disease, affecting the air-
ways, and involving a complex imbalance of inflammatory 
cells and inflammatory mediators [65]. Over the past few 
decades, the prevalence of asthma has markedly increased. 
In the USA, the prevalence of asthma rose from 20.3 million 
in 2001 to 25.6 million in 2012 [66]. Globally, asthma affects 
300 million people and is expected to affect 400 million by 
the year 2050 [66, 67].

Dietary change is one of the proposed environmental ex-
posures that has led to a rising incidence of asthma over the 
past few decades. In particular, it is suspected that the west-
ernization of the American diet has led to a chronic meta-
bolic surplus and deficiency of micronutrients that are asso-
ciated with increased inflammation. A western diet is more 
processed, “convenience oriented,” and ultimately results in 
a state of chronic energy excess and decrease in fiber and 
micronutrients [65].

Recent studies have focused on asthma prevention by 
improving maternal nutrition during pregnancy. Despite a 
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meta-analysis of clinical trials that did not demonstrate a 
strong association between eating patterns and asthma in 
adults or between maternal diet and childhood asthma or 
wheezing [66], current research continues to focus on the 
role of antioxidants, micronutrients, and fatty acid con-
sumption by pregnant women in association with asthma 
outcomes in children [68–76]. A recent study has shown 
that reduced maternal iron status during pregnancy is ad-
versely associated with childhood wheezing, lung function, 
and atopic sensitization [77]. Low antioxidant intake has 
been associated with higher asthma and allergy incidence; 
antioxidant supplementation may improve asthma control 
and lung function [78]. Currently, there is an ongoing clini-
cal trial evaluating the implementation of the Dietary Ap-
proaches to Stop Hypertension (DASH) diet as adjunct ther-
apy in uncontrolled asthma. This DASH diet study provides 
increased fruits and vegetables as a source for augmented 
antioxidant consumption while also monitoring symptoms, 
inflammatory markers, and pulmonary physiology [65]. In 
addition, the consumption of milk, wheat, and peanuts has 
been associated with reduced odds of childhood allergy and 
asthma [79].

Physical activity is important for the improvement of 
quality of life in patients with asthma. Exercise tolerance 
can be extremely limited due to dyspnea, which can lead to 
deconditioning and to a sedentary lifestyle [80]. In general, 
exercise should be recommended without concern for exac-
erbation [81]. Physical training protocols have been devel-
oped for patients with asthma with the overall goal of im-
proving physical fitness. These programs include aerobic 
exercise, such as running, jogging, cycling, weight training, 
swimming, stretching, individually and in combination [80, 
82]. Regular aerobic exercise has been found to improve 
asthma-related symptoms, lung function, and mental health 
[82, 83]. Water-based exercise has been proposed as a good 
exercise option for patients with asthma in order to improve 
muscle strength, cardiopulmonary fitness, flexibility, and 
body composition [80, 84]. Moreover, water-based exercise 
is beneficial to patients with asthma due to the temperature 
of the water and pollen-free air, which together facilitate 
air exchange. However, there are no conclusive studies to 
support the use of aquatic exercise in asthma for improve-
ment of quality of life [80]. Central obesity has been as-
sociated with active asthma, possibly related to the effects 
of visceral adipose tissue deposition on pro-inflammatory 
mediators. These associations highlight the importance of 
diet and exercise in asthma [85].

Smoking is a preventable risk factor for patients with 
asthma. Namely, patients with asthma who smoke are at 
a higher risk of developing COPD than patients without 
asthma [86]. A review of data from Finland has found that 
exposure to smoking has been linked to higher incidence of 
several diseases, including asthma. The effects have been 

found to be greatest when smoking exposure occurs dur-
ing pregnancy and in early childhood; however, larger and 
more comprehensive studies are needed to further corrobo-
rate this finding [87]. In a study by Gilliland et al. [88], reg-
ular smoking was associated with an increased relative risk 
(3.9) of new-onset asthma in children who reported smok-
ing 300 + cigarettes per year compared to the nonsmokers.

Interstitial Lung Disease

Interstitial lung disease (ILD) includes a variety of disorders 
with a varying spectrum of underlying etiologies such as id-
iopathic, connective tissue disease related, and environmen-
tal exposure related. There is a subset of ILD that is directly 
associated with smoking exposure. These smoking-related 
ILDs include: desquamative interstitial pneumonia (DIP), 
respiratory bronchiolitis-associated interstitial lung disease 
(RBILD), and pulmonary Langerhans’ cell histiocytosis 
(PLCH) [89–91]. Although DIP and RBILD are treated with 
steroids and PLCH is treated with corticosteroids or cytotox-
ic drugs, the mainstay initial therapeutic approach to smok-
ers with these interstitial lung diseases is smoking cessation 
[90, 92, 93].

Progressive diminished exercise capacity is a hallmark 
of idiopathic pulmonary fibrosis (IPF). When evaluating 
IPF, there are several independent factors that can be used 
to predict mortality: age, hospitalizations, FVC, longitudinal 
change in FVC, 6-min walk distance as well as the longitudi-
nal change in 6-min walk distance [94]. Recent studies show 
that pulmonary rehabilitation is beneficial to patients with 
ILD and that there is an improvement in quality of life and 
leg strength in patients with IPF who undergo an exercise-
training program [95]. Patients who underwent pulmonary 
rehabilitation were found to have improved quality of life, 
less shortness of breath, and improved exercise tolerance 
(average improvement of 44 m in 6 min) [96–98]. The sus-
tained benefit of pulmonary rehabilitation is unclear once the 
pulmonary rehab ceases.

OSA is a common comorbidity in patients with ILD. 
Therefore, it is recommended that patients with ILD should 
be screened for the presence of OSA [99]. Patients with ILD 
have been found to have persistently increased respiratory 
rates during sleep, disrupted sleep, and frequent arousals 
[100, 101]. Specifically, they often have an increase in arous-
als, an increase in N1 (non-rapid eye movement, NREM; 
light sleep stage) and N2 (NREM; less-activated brain waves 
stage) sleep, and a decrease in N3 (NREM; slow (delta) brain 
waves and deep sleep stage) and REM sleep [100, 102]. In 
a study by Perez-Padilla et al. [100], patients with ILD were 
found to be in N1 sleep 33.7 % of their total sleep time (TST) 
compared to 13.5 % of non-ILD controls and in REM 11.8 % 
of their TST compared to 19.9 % in non-ILD controls. The 
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study also showed that the hypoxemia experienced during 
REM was more severe in those with more severe awake hy-
poxemia, which suggests the utility of nocturnal oximetry 
monitoring [100].

Clinical Case

A 65 y/o male with a history of COPD presents for progres-
sively worsening dyspnea and reduced exercise tolerance. 
He has a history of COPD, diagnosed 5 years ago and an 
extensive smoking history, with multiple bouts of failed at-
tempts at smoking cessation. His exercise tolerance is ap-
proximately 20 ft before having to stop due to significant 
dyspnea. He reports that his dyspnea has become so severe 
that he can no longer work and is having trouble with his 
activities of daily living (ADL). He smoked 1 pack per day 
(ppd) for 45 years and is currently down to 1/4 ppd. His most 
recent spirometry showed a severe obstructive ventilatory 
defect with a FEV1 of 0.84 l (25 % of his predicted value) 
and a 6-min walk test revealed a significant hypoxemia after 
his 3rd minute of ambulation that required 2 l of supplemen-
tal oxygen to maintain an oxygen saturation (SaO2) > 90 % 
and a total distance of 125 m. Additional past medical his-
tory includes hypertension and hyperlipidemia. Family his-
tory was significant for lung cancer and COPD in his father. 
He denied any feelings of depression or anxiety. He reports 
that he has been steadily losing weight over the past few 
years despite having no significant change in diet or appe-
tite. He has on average, 4–5 exacerbations that require either 
a course of steroids, antibiotics, or both. His current medica-
tions include: tiotropium (Spiriva), fluticasone propionate-
salmeterol inhaled (Advair), and both an albuterol nebulizer 
and rescue inhaler.

Recommended lifestyle modifications included:

1. Pulmonary rehabilitation to increase exercise capacity 
and endurance.

2. Smoking cessation—counseling and consideration of nic-
otine replacement and pharmacologic agents (Bupropion 
or Varenicline).

3. Dietary evaluation and nutritional status monitoring. Sug-
gest modifications to increase protein intake, decrease car-
bohydrates, and consume smaller, more frequent meals.

4. Medications—to help prevent recurrent exacerbations, 
suggest starting the patient on chronic macrolide therapy 
(Azithromycin 250 mg PO TIW) in addition to his main-
tenance inhaler regimen.

5. Supplemental oxygen therapy.
6. Screening for OSA and nocturnal hypoxemia.

A follow-up appointment was made for 6 weeks after the 
previous visit. He was sent to pulmonary rehabilitation 

with some noted subjective and objective improvement in 
dyspnea. His exercise capacity improved from 20 ft to ap-
proximately 100 ft. Subjectively, he felt less dyspneic and 
stronger overall. His weight remained the same. However, he 
reported an increase in his appetite. The patient reported that 
he did not change his diet to a lower carbohydrate diet but 
was amenable to making the changes after this current visit. 
He was started on varenicline for smoking cessation and re-
ported a decrease in smoking, cutting down to 1–2 cigarettes 
per day. Oxygen supplementation was started, specifically 
for use with exertion for which he feels better but reports 
not always using the oxygen. He was assessed for signs of 
OSA and was ordered for a polysomnography to diagnose 
OSA. Discussions were held regarding starting daliresp (a 
selective phosphodiesterase 4 (PDE4) inhibitor). Follow-up 
spirometry and 6-min walk test should be performed within 
3–6 months.
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Introduction

HIV is a global public health problem affecting millions of 
individuals worldwide. By the end of 2013, this pandemic 
claimed over 39 million lives, and another 35 million people 
are now estimated to be living with HIV. The use of highly 

active antiretroviral therapy (HAART) has led to significant 
reduction in HIV-related morbidity and mortality [1]. De-
spite the effectiveness of ART, these medications have side 
effects that can affect quality of life and, in rare cases, lead 
to potentially life-threatening complications. HIV-infected 
patients are living longer and are now suffering from the 
same chronic diseases seen in the general population such 
as type-2 diabetes (T2D), hypertension, hyperlipidemia, and 
cardiovascular disease (CVD). It should be recognized that 
many of these conditions are exacerbated by HIV infection, 
as well as duration of ART use, underscoring the importance 
of lifestyle modifications to one’s daily regimen. Clinicians 
should routinely inquire about their patients’ diet, nutrition, 
and exercise habits; evaluate stressors and recommend prac-
tical strategies utilizing a multidisciplinary approach. Inter-
ventions should be individualized and referrals to appropri-
ate specialists, such as nutritionists, exercise trainers, and 
counselors, should be considered when feasible.

Nutrition

Nutritional approaches to treating patients with HIV/AIDS 
have transitioned from clinicians managing malnutrition 
and wasting to managing obesity and metabolic syndrome 
(MetS). In the early days of HIV management, proper nu-
trition was often overlooked, as higher priority was placed 
on treatment of acute opportunistic infections and prevent-
ing progression of immune suppression [2]. In fact, it was 
common practice to encourage taking antiretroviral medica-
tions with unhealthy snacks, caloric drinks, and any other 
supplements to make it more palatable regardless of the nu-
tritional pitfalls. Only recently has there been more focus on 
the benefits of proper nutrition in HIV care. Most patients 
are willing to change their lifestyle with appropriate counsel-
ing, education, and support. Currently, there are more than 
25 Food and Drug Administration (FDA)-approved antiret-
roviral drugs in five different classes to treat HIV infection. 
Clinicians and patients should become familiar with drug-
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specific side effects, including lipid elevations, abnormali-
ties in glucose metabolism, and increased CVD risks.

Several nutrition studies have been conducted in the gen-
eral population, but few in HIV-infected patients. Most of 
the studies have focused on comorbid conditions common 
in HIV-infected patients, such as T2D, hypertension, and 
hyperlipidemia. HIV-infected patients often consume high 
levels of refined sugars, refined grains, processed meats, and 
other processed foods. Food is often an addiction that occurs 
after patients give up tobacco or other addictive substances. 
This is seen in the general population but often in HIV-in-
fected patients due to increased prevalence of smoking and 
substance use [3]. Many patients with a previous history of 
tobacco or substance use make unhealthy choices, which 
may lead to adverse consequences.

MetS is also a complication associated with HIV disease 
and ART. It is a syndrome characterized by a cluster of com-
ponents including insulin resistance, enlarged waist circum-
ference, dyslipidemia, elevated blood pressure, impaired 
fasting glucose, and other risk features of CVD, including 
vascular inflammation and thrombosis. A high prevalence of 
MetS has been reported in various studies of HIV-infected 
patients. MetS increases the risk for development of CVD, 
T2D, cardiovascular mortality, and all-cause mortality. The 
Nutrition for Healthy Living (NFHL) study analyzed data 
from 567 subjects and found that MetS and high triglycer-
ides were associated with an increased risk of death after 36 
months of follow-up [4]. It is very important to screen HIV-
infected patients for MetS and address all nutrition-related 
causes.

Although there is controversy regarding the definition 
as well as the pathogenesis of MetS in the HIV population, 
there is universal agreement regarding the benefit of nutri-
tional intervention. A number of studies have shown that di-
etary factors play a major role in the development of MetS in 
HIV-infected patients [5, 6]. Mediterranean diets are consid-
ered as anti-inflammatory eating patterns and have tradition-
ally been recommended to patients with MetS [7]. This eat-
ing pattern consists of the ample use of olive oil, along with 
plenty of fruits and vegetable, whole grains, legumes, nuts, 
fish, and moderate use of low-fat dairy products and mono- 
and omega-3 polyunsaturated fats. These diets are low in 
meat and other animal products. Patients with MetS should 
be referred to a registered dietitian and receive counseling 
about healthy nutrition and the benefits of increased physical 
activity [8]. A recent review by Botros et al. [9] showed that 
nutritional counseling and exercise interventions are effec-
tive for treating obesity and metabolic abnormalities in HIV 
patients.

Mediterranean diets are beneficial for most patients with 
MetS, though they do not differentiate between refined ver-
sus whole grains. The excess intake of refined grains in the 
form of bread and pasta may adversely affect the individual. 

When grains are pulverized to flour, the effects on the meta-
bolic profile are very different compared to consuming in-
tact whole grains [10]. Thus, an example of a daily healthy 
eating pattern for HIV patients consists of 5–6 servings of 
vegetables, including leafy green vegetables, 2 servings of 
fruits (particularly berries), nuts (particularly almonds and 
walnuts), seeds (such as flax and pumpkin seeds), 2 serv-
ings of whole grains (such as brown rice), steel cut oatmeal, 
quinoa, and 1–2 servings of legumes. With this lifestyle in-
tervention, patients progress extremely well and their meta-
bolic parameters improve. Patients are also encouraged to try 
ginger, garlic, turmeric, pepper, cilantro, parsley, and other 
spices while cooking for overall anti-inflammatory effects 
and to improve flavor of food. Turmeric may have specific 
effects in HIV-infected patients [11]. Patients demonstrate 
overt improvements in glycemic and blood pressure control 
after implementing these dietary changes coupled with in-
creased physical activity [12]. By following such a healthy 
diet, many HIV patients also have resolution or improve-
ment of other conditions, such as irritable bowel syndrome, 
chronic diarrhea, other intestinal disorders, gastroesophageal 
reflux disease, asthma, chronic fatigue, and certain types of 
arthritis [13].

Numerous studies have also examined the benefits of 
fruits and vegetables in HIV-infected patients mainly for 
their fiber content and rich source of other phytonutrients 
[14]. Nuts are also extremely beneficial for patients as a pre-
ventive strategy for T2D, MetS, and even all-cause mortal-
ity [15]. A very large study in nurses and other health-care 
professionals showed that the frequency of nut consumption 
was inversely associated with total and cause-specific mor-
tality [16]. There have been no studies on nut consumption in 
HIV-infected patients but there is expectation of significant, 
if not similar, benefits, considering the higher prevalence of 
vitamin and nutritional deficiencies seen in this cohort. Nuts 
are high in magnesium and fiber and can be part of healthy 
eating patterns in patients with HIV.

There is controversy regarding consumption of fat in pa-
tients with HIV. Presently, the evidence points to the benefit 
of a combination of good-quality fats. Nevertheless, a low-
fat diet should not be recommended to HIV-infected patients, 
as many patients will merely increase refined carbohydrate 
intake. Fat is important for absorption of certain vitamins 
and production of certain hormones. Many low-fat products, 
including non-fat and low-fat yogurt are high in sugar con-
tent. Hence, it is important to counsel patients appropriately 
to choose olive oil, nuts, avocado, yogurt, and cold-water 
fish (e.g., salmon) to boost unsaturated fat intake.

Probiotics, probiotic yogurt, kefir, and other fermented 
foods are increasingly recognized as beneficial to health. 
Many patients report benefits due to addition of these foods 
in their diet [17]. Many HIV-infected patients consume pro-
phylactic antibiotics for prevention of opportunistic infec-
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tions. Patients with HIV are frequently treated with antibiot-
ics for pneumonia, bronchitis, and other infections. Antibi-
otic use leads to proliferation of resistant bacteria and disrup-
tion of normal bacterial flora. Increased antibiotic exposure 
has been also associated with an increased risk of obesity, 
inflammatory bowel disease, and other conditions [18]. HIV 
infection causes damage and impairs the function of the gas-
trointestinal tract. HIV enteropathy is a condition character-
ized by pronounced CD4+ T cell loss, increased intestinal 
permeability, and microbial translocation, which lead to 
immune activation and disease progression. Probiotics may 
be beneficial in reducing diarrhea and other complications 
from prolonged antibiotic exposure on the gastrointestinal 
tract [19]. Probiotics may also improve immune function. 
González-Hernández et al. [20] have noted that the use of a 
symbiotic, which is a combination of probiotics and prebiot-
ics, resulted in a decrease in harmful bacteria, interleukin-6, 
and an increase in CD4+ T cell counts.

Patients with chronic diarrhea or other gastrointestinal 
complaints may benefit from drinking 4 ounces of kefir daily, 
eating sauerkraut obtained from farmer’s markets, or con-
suming a high-quality probiotic from a reputable company.

Patients without access to high-quality produce in their 
neighborhood stores due to limited choices or financial rea-
sons should be referred to local farmer’s markets, which ac-
cept Supplemental Nutrition Assistance Program Electronic 
Benefits Transfer (SNAP EBT) cards, and to pantries of vari-
ous organizations serving patients with HIV. Such patients 
should be counseled to make better choices in choosing pro-
duce and educated about healthier ways to prepare food, such 
as steaming, to preserve nutrient content. Patients struggling 
to make changes should be supported during this process and 
advised to make incremental changes to their lifestyle.

Exercise

The health benefits of exercise and regular physical activ-
ity in T2D, dyslipidemia, and hypertension have been well 
documented in the literature. HIV disease is no exception. 
Patients with HIV may experience fatigue, body habitus 
changes, muscle wasting, and decreased quality of life. Ex-
ercise can help alleviate these symptoms. MacArthur et al. 
[21] showed that cardiopulmonary fitness in HIV-infected 
patients improved with aerobic exercise. Other physiologi-
cal changes caused by exercise include improved body com-
position, such as decreased subcutaneous fat and abdominal 
girth, and increased strength. Additionally, conditions such 
as depression and anxiety seen in HIV-infected patients are 
also improved by exercise.

The American College of Sports Medicine (ACSM) is-
sued physical activity guidelines in 2011 [22]. For cardiore-
spiratory exercise, adults should get at least 150 min of mod-

erate intensity exercise per week. This can be done through 
30–60 min of moderate intensity exercise 5 days a week or 
20–60 min of high intensity exercise three times a week. For 
patients unable to do one continuous session, multiple short-
er sessions (of at least 10 min) are acceptable to accumulate 
the desired amount of daily exercise. The ACSM guidelines 
also include guidance for resistance, flexibility, and neuro-
motor exercise.

In a 2009 review, Hand et al. [23] summarized the results 
of numerous studies of HIV-infected patients which exam-
ined both aerobic exercise and resistance training. In the 
studies employing aerobic exercise, the outcomes showed 
significant reductions in anxiety and depression as well as 
significant increases in maximal oxygen uptake (VO2max) 
and decreases in body mass index (BMI), total cholesterol 
and triglycerides, body fat, and abdominal girth. In the same 
review, studies with resistance exercise also showed increas-
es in VO2max as well as in strength. The studies examining 
strength/resistance-only regimens were small and focused 
more on strength and did not examine overall fitness. As the 
HIV epidemic has shifted over the last several years towards 
a population with lower socioeconomic status, there are fac-
tors that predispose this group to higher rates of obesity. As 
guidelines have changed and treatment is now recommended 
for all, exercise becomes an effective non-pharmacologic 
way to help improve depression, dyslipidemias, and muscle 
weakness without the addition of yet another pill.

While HAART has improved the prognosis of HIV-
infected persons, it has unfortunately been associated with 
body habitus changes, particularly for those individuals who 
were started on treatment early in the course of the epidemic. 
With older antiretroviral agents, patients reported increases 
in abdominal girth and thinning arms and legs. There have 
also been reports of dorsocervical fat pads. While the newer 
agents today are less likely to induce these changes, for those 
who received treatment earlier, the changes remained even 
after regimens were changed. Pharmacologic and non-phar-
macologic interventions were explored. Segatto et al. [24] 
studied 42 HIV-infected persons on HAART. They found that 
more active subjects had a lower incidence of body habitus 
changes than more sedentary subjects. There are also case re-
ports which document the beneficial effects of an aerobic and 
resistance exercise program on decreasing abdominal fat and 
increasing limb diameter via resistance training [25]. In the 
studies employing resistance training, strength training was 
performed 2–3 times a week, depending on the study pro-
tocol. The studies utilized weights, which exercised major 
muscle groups (i.e., chest press, leg press, lat pull downs, 
and knee extensions) in order to increase overall strength. 
The patients executed 2–3 sets with 8–10 repetitions. The 
weight of the repetition was determined to be 60–80 % of 
one repetition max [23, 25].
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Although exercise has been shown to improve quality of 
life and increase VO2max, many clinicians may still hesitate 
to instruct their HIV-infected patients to exercise. Literature 
indicates that intense exercise (70–85 % of maximal heart 
rate) or prolonged exercise (defined as 90 min or more by 
the ACSM) results in a decrease in CD4+ cells in a healthy 
person. In 1994, Ullum et al. [26] examined and reported 
the effects of acute exercise on immune response in a group 
of HIV-infected and seronegative individuals and concluded 
that although HIV can suppress features of the immune sys-
tem, a patient can start an exercise program at high inten-
sity, but not exhaustive exercise. In a more recent review of 
exercise and immune function, Walsh et al. [27] also con-
cluded that acute intensive exercise can elicit a temporary 
decrease in CD4+ cells as well as a lymphocytosis. The de-
crease is proportional to intensity and duration; however, in 
a true resting state (i.e., greater than 24 h after last training 
session), circulating lymphocytes as well as T cell functions 
have returned to baseline. There are very few studies on ex-
ercise in HIV-infected patients on ART. Patients should con-
sult with their medical provider before starting any formal 
exercise program.

As HIV treatments have become more potent and sim-
pler to take, the population living with HIV has aged. As 
aging occurs, a small percentage of muscle mass is lost each 
decade along with a decrease in VO2max. Both aerobic and 
resistance exercise can attenuate this response. Currently, 
there are limited data about the effects of exercise in an older 
population with HIV disease. Yahiaoui et al. [28] examined 
the research focused on older adults with frailty and their 
response to exercise to extrapolate findings to the older HIV-
infected patients. Their study suggested that significant im-
provements could be gained in strength, balance, and range 
of motion exercises.

Engelson et al. [29] conducted a 12-week weight loss 
program with 18 HIV-infected obese (BMI  30) women. She 
reported moderate weight loss in the group with a short-
term program of diet and exercise. No significant changes 
in CD4+ count or viral load were observed, and participants 
lost adiposity in both subcutaneous and visceral adipose 
tissue regions. Strength and fitness also improved in these 
women.

We have reported success engaging patients in an exer-
cise and nutrition program [30]. For the past 3 years, we have 
been conducting a yearly 8–12-week program for HIV-in-
fected patients who are overweight/obese. The goal is to help 
patients to lose weight and to counsel them about healthier 
nutrition and exercise habits. A secondary goal is to have 
them complete either a 5K or 4-mile race (either walking or 
running). Approximately 30 % of our patients are able to ac-
complish this by the end of 12 weeks. Most have lost weight, 
but more importantly, they have learned about healthier eat-
ing choices and changed their lifestyle. Another important 
component of this program is that monthly meetings are 

made available to the participants who have completed the 
course. These meetings emphasize physical activity and re-
inforce the nutrition they have learned during the program in 
order to maintain weight loss and other benefits.

The exercise component of the program followed the 
ACSM guidelines for aerobic exercise—at least 150 min of 
moderate-intensity exercise per week. Each participant had 
this component tailored to their ability and need. Some were 
unable to initially meet the 150-min recommendation but 
each worked towards this goal. The participants were also 
instructed on resistance and flexibility exercises and advised 
to incorporate each of these into their routine two to three 
times a week. All participated in both the aerobic and resis-
tance exercises.

Many HIV-infected patients have limited resources but 
would like to exercise for the health benefits. Some patients 
are involved in activities such as yoga and running. To help 
patients meet the ACSM goals for cardiorespiratory and 
resistance exercise, options that are relatively inexpensive 
can be recommended, such as using a pedometer to achieve 
10,000 steps a day, joining a low-cost gym, searching You-
Tube for walking videos for the home, locating classes 
(yoga, aerobic, etc.) that are free or low-cost donation based, 
and using their own body weight (in place of more expensive 
equipment) for home-based resistance exercises.

More research is needed to determine if higher intensity 
exercise has a more deleterious effect on the immune system 
of an HIV-infected person compared with someone who is 
seronegative. Such studies should include women and stan-
dardize which immune markers are examined.

Multivitamins, Minerals, and Micronutrients

HIV-infected patients often have deficiencies of certain 
vitamins and minerals and need supplementation with a 
standard-dose multivitamin with minerals and micronutri-
ents. Studies have shown that vitamin D insufficiency and 
accelerated bone loss is underestimated in this population 
[31]. Vitamin B12 deficiency due to poor absorption and de-
creased intrinsic factor secretion is also commonly encoun-
tered in patients with gastrointestinal disorders [32]. Certain 
patients may benefit from additional zinc, selenium, antioxi-
dants, and other specific nutrients.

HAART and Food Interactions

There are specific interactions between antiretroviral 
medications and food. Clinicians should be aware of these 
possibilities and counsel patients appropriately. The most 
commonly known interaction is between grapefruit juice 
and protease inhibitors. Grapefruit juice can cause inhibi-
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tion of cytochrome P-450 3A4 in the small intestine and 
decrease drug metabolism. However, most patients cur-
rently do not consume enough grapefruit juice to cause suf-
ficient interaction [33]. Most HIV medications do not have 

food requirements, but certain drugs do need to be taken 
on an empty stomach while others require food for proper 
absorption and attaining therapeutic serum concentrations 
(Table 32.1).

Table 32.1  HIV medications and food requirements
Food requirements

Nucleoside/nucleotide reverse transcriptase inhibitors (NRTIs)
3TC (lamivudine, Epivir) May be taken with or without food
Abacavir ( Ziagen) May be taken with or without food
AZT (zidovudine, Retrovir) May be taken with or without food, though taking with food may reduce nausea
Combivir (AZT + 3TC) May be taken with or without food, although taking with food may reduce 

nausea
d4T (stavudine, Zerit) May be taken with or without food
Enteric-coated ddI ( Videx EC, didanosine capsules) Take on an empty stomach, at least 2 h before and 2 h after eating or drinking 

anything except water
Epzicom (3TC + abacavir) May be taken with or without food
FTC (emtricitabine, Emtriva) May be taken with or without food
Tenofovir ( Viread) Take with food
Trizivir (AZT + 3TC + abacavir) May be taken with or without food
Truvada (tenofovir + FTC) Take with food
Non-nucleoside reverse transcriptase inhibitors (NNRTIs)
Efavirenz ( Sustiva) Take on an empty stomach
Etravirine ( Intelence) Take with or after food (within 2 h after a main meal or within half an hour after 

a snack)
Nevirapine ( Viramune) Take with or without food
Rilpivirine ( Edurant) Take with food
Protease inhibitors
Atazanavir ( Reyataz) Take with or after food (within 2 h after a main meal or within half an hour after 

a snack)
Darunavir ( Prezista) Take with or after food (within 2 h after a main meal or within half an hour after 

a snack)
Fosamprenavir ( Lexiva) May be taken with or without food
Indinavir ( Crixivan) Take on an empty stomach, or with a light, low-fat snack, or at least 2 h after 

and 1 h before a meal
Lopinavir/ritonavir ( Kaletra) tablets May be taken with or without food
Lopinavir/ritonavir ( Kaletra) liquid Should be taken with food to increase its effectiveness
Ritonavir ( Norvir) May be taken with or without food
Saquinavir ( Invirase) (must be taken with ritonavir) Take within 2 h of food to increase its effectiveness
Tipranavir ( Aptivus) (must be taken with ritonavir) Take with or after food to reduce the incidence of side-effects
Fusion and entry inhibitors
Maraviroc ( Selzentry) May be taken with or without food
T-20 (enfuvirtide, Fuzeon) Administered by injection. No food restrictions
Integrase Inhibitors
Raltegravir ( Isentress) May be taken with or without food
Elvitegravir ( Vitekta) May be taken with or without food
Dolutegravir ( Tivicay) Take with food
Single tablet regimens
Atripla (efavirenz + FTC + tenofovir combined) Take on an empty stomach (preferably at bedtime), to reduce the incidence 

of side-effects (particularly avoid taking it soon after a high-fat meal as this 
increases the risk of side-effects)

Complera (rilpivirine + tenofovir + emtricitabine) Take with food
Stribild (elvitegravir + cobicistat + tenofovir + 

emtricitabine)
Take with food

Triumeq (dolutegravir + abacavir + lamivudine) May be taken with or without food
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HAART and Herbal Therapies

HIV-infected patients often use dietary and herbal supple-
ments without informing their primary care provider. While 
some dietary and herbal supplements may benefit specific 
patients, others, most notably garlic extract, milk thistle and 
St. John’s wort, can interact with HAART and lead to ad-
verse effects [34]. Patients should be routinely asked about 
the use of supplements and counseled appropriately.

Stress Management

HIV-infected patients are faced with an enormous amount of 
stress in their lives. For many, HIV-specific anxiety began 
while waiting for results of the HIV-confirmatory test and 
continued with daily reminders of taking antiretroviral medi-
cations to treat an incurable infection. To compound mat-
ters further, many newly diagnosed patients have existing 
psychiatric comorbidities, in particular, substance abuse and 
depression. The prevalence of depression is twice that of se-
ronegative controls [35]. Other stressors may include a his-
tory of trauma, an inadequate food supply, and an unstable 
living situation. Stress can drive patients towards unhealthy 
behaviors such as tobacco, drug, and alcohol use, and con-
sumption of unhealthy foods. Many HIV-infected patients 
are aware of stress in their lives and seek ways to manage 
it. Chronic stressors are known to be associated with sup-
pression of cellular and humoral immunity [36]. Psycho-
logical stress affects immune function through central ner-
vous system control of the hypothalamic–pituitary–adrenal 
(HPA) axis and sympathetic–adrenomedullary (SAM) axis. 
Hormones released from the HPA and SAM axes can then 
affect immune function [37]. Moreover, stress can lead to 
decreased adherence with medications leading to virologic 
rebound and progression of HIV/AIDS.

Clinicians and other health-care professionals should rec-
ognize that the stress of living with HIV can be alleviated by 
various lifestyle interventions. In severe cases, combination 
with both pharmacotherapy and psychotherapy may be re-
quired. Any intervention should be individualized on a case-
by-case basis. Movement therapies, touch therapies, medi-
tation, guided imagery, prayer, and expressive writing have 
demonstrated quality-of-life improvement through their abil-
ity to help patients manage stress, reduce pain, slow disease 
progression, and gain a sense of control over their lives [38, 
39]. These therapies may differ in their mechanisms of ac-
tion but may be effective and empowering for patients. Mas-
sage therapy may have a positive effect on immunological 
function and it improves quality of life for HIV-infected pa-
tients, especially if combined with other stress-management 
modalities, such as meditation and relaxation training [40]. 
Transcendental meditation and mindfulness meditation have 

been studied in HIV-infected patients, and benefits include 
decreased stress and improvement in health-related quality 
of life [41]. Acupuncture is widely used to reduce stress, de-
crease pain, and decrease side effects from HAART [42].

Clinicians should refer patients to therapists, psycholo-
gists, or other health-care professionals who are trained in 
stress-reduction techniques as described above. Patients may 
also be referred to in-person or online courses on mindful-
ness-based stress reduction. The Center for Mindfulness is an 
online resource and can assist clinicians in finding providers 
in their area (available at: http://www.umassmed.edu/cfm/). 
There may also be local yoga and meditation centers, which 
offer low-cost or donation-based classes. Clinicians should 
become familiar with these centers and refer patients as indi-
cated. Utilizing a multidisciplinary approach to stress reduc-
tion can lead to an enhanced sense of well-being, boost im-
mune function, and improve longevity in people living with 
HIV/AIDS.

Safe Sexual Practices for HIV-Infected Patients

Sexual contact remains the common route of HIV trans-
mission worldwide. In HIV-infected patients, HAART can 
reduce but not eliminate the possibility of transmission. 
Sexual abstinence may be the choice for some, however not 
desirable or practical for most individuals. Patients should 
be counseled about safe sex practices and encouraged to use 
barrier protection, including male or female condoms and 
dental dams. Unfortunately, condoms can fail when used 
inconsistently, improperly, or due to breakage or slippage. 
Applying an oil-based lubricant can make condoms more 
susceptible to damage. Patients should be advised about cor-
rect use of latex or polyurethane condoms and to avoid use 
of lambskin condoms and nonoxynol-9. When used correctly 
and consistently, barrier protection is highly effective in pre-
venting HIV infection, as well as other sexually transmitted 
diseases (STDs) including syphilis and hepatitis C. Risk as-
sessment about sexual practices should be performed in a 
nonjudgmental manner and recommendations encouraging 
partner communication, prevention strategies, and healthy 
sexual habits should be provided [43–45].

Case Study

A 44-year-old male patient with HIV was referred because of 
difficulty losing weight and abnormal liver enzymes. He had 
tried several commercial diet plans without success. He also 
had significant abdominal lipodystrophy, which was attrib-
uted to HIV and antiretroviral therapy (ART). A plant-based 
diet was discussed and implemented, and he has lost more 
than 50 lbs in the past year. Currently, he eats oatmeal or 

http://www.umassmed.edu/cfm/
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Conclusions

Lifestyle medicine is beneficial for patients with HIV and 
patients should receive counseling regarding healthy eating, 
exercise, stress management, and safe sexual practices to 
improve overall health. Lifestyle medicine can help HIV-in-
fected patients with T2D, hypertension, hyperlipidemia, and 
obesity reverse or improve these conditions. Lifestyle medi-
cine can also improve asthma, irritable bowel syndrome, 
and other conditions in HIV-infected patients. Health-care 
professionals taking care of HIV-infected patients should be 
aware of dietary approaches in the management of conditions 
and should refer patients to nutritionists, dieticians, and oth-
ers trained in lifestyle medicine (Table 32.2).
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Appendix: Lifestyle Medicine Checklist

Item Done/indicated () Not done/not indicated (×) Action Chapter
History 1 A focus on lifestyle 2, 3

2 Assess eating patterns 11
3 Assess physical activity patterns 8, 13
4 Assess smoking and tobacco use 15
5 Assess sleeping patterns 17
6 Assess for alcohol misuse 16
7 Utilize selected behavioral assessment 

instruments
6

Exam 8 Assess body composition (BMI, waist 
circumference)

7

Laboratory 
assessment

9 Cardiovascular and metabolic composite 
scores

5, 9

Management: 
preparation

10 Assess motivation and behavioral 
opportunities

14

11 Assess community resources 18
12 Assess transcultural considerations 19
13 Assess attitude about using integrative medi-

cine modalities
20

Management: specific 
recommendations

14 Cardiometabolic risk factors 21

15 Obesity 12, 22
16 Diabetes 23
17 Depression 24
18 Musculoskeletal disorder 25
19 Fatty liver disease 26
20 GI disease 27
21 Chronic kidney disease 28
22 Respiratory disease 29
23 Neurodegenerative disease 30
24 Cancer 31
25 HIV 32

Adapt: office practice 26 Assess office system used to deliver lifestyle 
medicine

4, 10

BMI body mass index, GI gastrointestinal
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