
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
CPA	 Certified public accountant
CVD	 Cardiovascular disease
DASH	 Dietary Approaches to Stop Hypertension diet
DGA	 Dietary Guidelines for Americans
ECG	 Electrocardiogram
ER	 Extended release
HCP	 Health-care professionals
HDL-C	 High-density lipoprotein cholesterol
IFG	 Impaired fasting glucose
IGT	 Impaired glucose tolerance
IDF	 International Diabetes Federation
LDL	 Low-density lipoprotein
LDL-C	 Low-density lipoprotein cholesterol

MetS	 Metabolic syndrome
PUFAs	 Polyunsaturated fatty acids
RD	 Registered dietitian
VLCD	 Very low-calorie diets
VLDL	 Very low-density lipoprotein particles
WHO	 World Health Organization

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-



252 W. T. Garvey et al.

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
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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



26123  Lifestyle Therapy in the Management of Cardiometabolic Risk: Diabetes Prevention, Hypertension, and Dyslipidemia

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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