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Abstract

The components of the metabolic syndrome, including pre-
diabetes, prehypertension and dyslipidemia, represent pro-
dromal stages of major cardiometabolic disorders. Lifestyle
interventions have been shown to ameliorate or prevent the
progression of individual components of the metabolic syn-
drome. The specific interventions utilized in randomized
controlled studies often include dietary modification and
physical activity. The effects of smoking cessation and the
reduction of psychosocial stress on cardiometabolic risk fac-
tors need to be studied more. Because of the close concor-
dance between the metabolic syndrome and multiple car-
diometabolic diseases, the adoption of an effective lifestyle
change upon initial recognition of the metabolic syndrome
can be expected to delay or prevent the future development
of sequelae such as diabetes, hypertension, and atheroscle-
rotic cardiovascular and cerebrovascular diseases. Such a
nonpharmacological approach to primary prevention and
disease interruption carries enormous public health signifi-
cance. Meeting the challenge of an implementation of effec-
tive lifestyle change at the community level requires (a) a

system for the identification of at-risk populations, (b) an op-
timization of the knowledge base and practices of health
care providers, and (c) a piloting of targeted biobehavioral
intervention programs. Once identified, persons and com-
munities at risk for cardiometabolic disorders can be em-
powered through increased health and nutritional literacy,
the promotion of lifestyle interventions, provision of com-
munity resources, and pertinent legislative action that re-
wards preventive behavior. This paper reviews landmark
studies that demonstrate the principles of nonpharmaco-
logical approaches to the reduction of cardiometabolic risk.
We also discuss the physiological and emerging molecular
genetic mechanisms that underlie the efficacy of lifestyle in-
terventions. Copyright © 2010 S. Karger AG, Basel

Prediabetic States and the Metabolic Syndrome

The term ‘prediabetes’ refers to impaired glucose tol-
erance (IGT) and impaired fasting glucose (IFG), two in-
termediate metabolic states between normal glucose tol-
erance and diabetes. IGT is defined by a plasma glucose
level of 140-199 mg/dl, 2 h following the ingestion of a
75-gram oral glucose solution. IFG is defined by a fasting
plasma glucose of 100-125 mg/dl [1]. IFG and IGT are risk
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Fig. 1. Sequelae of the metabolic syndrome.
Individual components of the syndrome
are recognized risk factors for type 2 dia-
betes and/or macrovascular disease. Pro-
gression to diabetes initiates susceptibility
to microvascular complications and fur-
ther accentuates the risk for macrovascu-
lar disease. BP = Blood pressure; FPG =

A Trlglycerldes

BP >=130/80
mm Hg

- Visceral obesity/
Large girth > |nsulin resistance A

\/:>—> Dyslipidemia

——» Prehypertension

FPG =100 mg/dl| ————» Prediabetes /

Macrovascular
disease

Type 2
diabetes

Diabetic
complications

fasting plasma glucose.

factors for type 2 diabetes, and persons with these condi-
tions progress to type 2 diabetes at variable rates.

Epidemiological studies, including the Paris Prospec-
tive Study [2], have shown that prediabetes confers an in-
creased risk of cardiovascular disease (CVD). Patients
who progress to type 2 diabetes manifest an additional
risk for atherosclerotic disorders, resulting in an in-
creased burden of CVD, stroke and peripheral vascular
diseases, compared with nondiabetic subjects [3].

The metabolic syndrome [4] appears to be the link be-
tween prediabetes and macrovascular disease. Most pa-
tients with prediabetes have features of the insulin resis-
tance (metabolic) syndrome, including upper-body obe-
sity, hypertriglyceridemia, decreased HDL cholesterol
levels and hypertension, among others. Components of
the metabolic syndrome can be identified in prediabetic
subjects several years before the diagnosis of type 2 dia-
betes.

Definition

Although several overlapping definitions exist for the
metabolic syndrome, the definition proposed by the Na-
tional Cholesterol Education Program (NCEP) that fo-
cuses on abdominal obesity, low HDL cholesterol (<40
mg/dl in men and <50 mg/dl in women), triglycerides
(>150 mg/dl), blood pressure (>130/80 mm Hg) and fast-
ing plasma glucose (>100 mg/dl) has the merit of simplic-
ity and specific numerical cutoff points (table 1).

Other definitions have attempted to introduce ethnic,
racial and geographical adjustments for abdominal obe-
sity (waist circumference), or incorporate additional risk
markers (e.g., microalbuminuria, uric acid, etc.). Epide-
miological studies, based on the NCEP criteria for the
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Table 1. NCEP criteria for the metabolic syndrome

Abdominal obesity
(waist circumference)
Men >102 cm (>40 in)
Women >88 cm (>35 in)
Triglycerides >150 mg/dl
HDL cholesterol
Men <40 mg/dl
Women <50 mg/dl
Blood pressure >130/85 mm Hg
Fasting glucose >100 mg/dl

The diagnosis is established when >3 of these risk factors are
present. Adapted from the Expert Panel on Detection, Evaluation,
and Treatment of High Blood Cholesterol in Adults [4].

metabolic syndrome, have reported an alarming preva-
lence of the syndrome [5]. Such studies also have observed
a significant concordance between components of the
metabolic syndrome and the occurrence of inflamma-
tory markers, diabetes and CVD [6]. Moreover, progres-
sion from individual components of the metabolic syn-
drome to specific downstream disorders (fig. 1) can be
deduced from longitudinal observation studies (e.g., dys-
lipidemia and hypertension lead to CVD, obesity and im-
paired fasting glucose lead to type 2 diabetes).

The prevalence of type 2 diabetes has reached epidem-
ic proportions. Diabetes is now the leading cause of
blindness, end-stage renal failure and nontraumatic limb
amputations. Furthermore, diabetes is the leading under-
lying cause of coronary heart disease, stroke and periph-
eral vascular disease [7]. The association of hyperglyce-
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mia with CVD endpoints has been demonstrated among
diabetic patients [3, 8, 9] as well as the general populace
[10], but recent intervention studies have failed to show a
CVD benefit of aggressive glycemic control among pa-
tients with long-standing type 2 diabetes and preexisting
CVD [11-13]. These ‘negative’ trials [11-13] provide a
strong rationale for focusing on primary prevention and
early intervention to reduce cardiometabolic risks.

Additive Metabolic Risks from Tobacco Use

Cohort studies have found that cigarette smoking is
associated with an additional increase in the risk of car-
diovascular death among people with diabetes, up to
fourfold, depending on the amount smoked [14]. Notably,
HbAlc and lipoprotein levels have been reported to be
higher in diabetic patients with a current history of ciga-
rette smoking compared with nonsmokers [15, 16]. Ciga-
rette smoking also is a risk factor for the metabolic syn-
drome [17]. The mechanism(s) for the association be-
tween smoking and increased risks for the metabolic
syndrome and diabetic complications include the induc-
tion of insulin resistance, increased hepatic lipase activ-
ity and dyslipidemia [15-17]. Other contributory factors
include the chronic elevation of stress hormones, endo-
thelial dysfunction and the vasoconstrictive effect of nic-
otine. It is reasonable to expect that smoking cessation
would lessen the cardiometabolic risk through the ame-
lioration of these noxious effects of nicotine. However,
rigorous studies testing the latter notion are yet to be re-
ported.

Rationale for Primary Prevention

Without effective intervention, the components of the
metabolic syndrome increase the risks for CVD and type
2 diabetes (fig. 1). Once established, type 2 diabetes is dif-
ficult to treat. Glycemic control is often suboptimal, and
there is a direct relationship between poor diabetes con-
trol and the development of the long-term complications
that drive health care costs. Although aggressive glyce-
mic control has been advocated as the best insurance
against the development of costly complications, the
achievement of sustained glycemic control to the level
necessary for the prevention of complications often
proves elusive.

The rationale for the primary prevention of diabetes
and its complications rests on four premises: (a) the pre-
diabetic milieu of the metabolic syndrome increases the
risk for fatal CVD; (b) the risk factors for the metabolic
syndrome and diabetes (table 2) overlap considerably; (c)
there are consensus guidelines for the recognition of the
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Table 2. Risk factors for prediabetes and type 2 diabetes

Family history of type 2 diabetes
Overweight/obesity

Physical inactivity

Ethnicity

Gestational diabetes

Delivery of baby weighing >9 1b (4.1 kg)
Hypertension

Dyslipidemia

metabolic syndrome; (d) the progression from individual
components of the metabolic syndrome to their cognate
downstream disorders can be prevented or delayed by es-
tablished methods.

Lifestyle interventions have been shown to exert ben-
eficial effects on each of the individual components of the
metabolic syndrome as defined by the NCEP. The spe-
cific elements of lifestyle change utilized in randomized
controlled studies often include dietary modification and
physical activity.

Lifestyle Change and Risk of Diabetes

Three landmark studies have demonstrated the effi-
cacy of lifestyle intervention in preventing the develop-
ment of type 2 diabetes in high-risk individuals [18-20].
All studies targeted persons with prediabetes (IGT). The
lifestyle interventions applied in these studies generally
involved the induction of modest weight loss (approx. 5
to <10%) through dietary modification and/or increased
physical activity. The dietary modifications involved a
reduction in caloric consumption, a selective reduction
in saturated fat calories, and an increase in complex car-
bohydrates. The physical activity component involved
the accrual of an additional 150-240 min per week of vol-
untary, moderate-intensity (approx. 55% VO,max) physi-
cal activity above routine levels [18-20]. The primary out-
come measure was the rate of progression from IGT to
type 2 diabetes over a defined period (approx. 3-6 years)
of observation in the intervention arm versus a compari-
son group.

Chinese and Finnish Studies

Investigators in the Da Qing Study [18] enrolled 577
Chinese adults (mean age: 45 years; mean body mass in-
dex, BMI: 26) who met the WHO criteria for IGT. Sub-
jects were randomized by clinic to a control group or to
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1 of 3 active treatment groups: diet only, exercise only or
diet plus exercise. The dietary policy had a target BMI of
<23; the exercise goal was an increase in physical activity
of 210 min per week (30 min daily). The study subjects
were seen approximately every 2 weeks during the first 3
months, and quarterly thereafter. The cumulative inci-
dence of diabetes at 6 years was 67.7% in the control group
compared with 43.8% in the diet group, 41.1% in the ex-
ercise group, and 46.0% in the diet-plus-exercise group.
Cox’s proportional hazards analysis, adjusted for differ-
ences in baseline BMI and fasting glucose, showed that
the diet, exercise and diet-plus-exercise interventions re-
sulted in 31, 46 and 42% reductions in the risk of develop-
ing diabetes, respectively, compared with the control
group. Thus, diet and/or exercise interventions signifi-
cantly reduced the incidence of diabetes over a 6-year pe-
riod among persons with IGT. Curiously, the Da Qing
Study failed to show an additive effect of diet plus exercise
on the primary endpoint.

In the Finnish Diabetes Prevention Study (FDPS) [19],
522 middle-aged subjects (172 men and 350 women; mean
age: 55 years; mean BMI: 31) were randomly assigned to
either an intervention or control group. All participants
had IGT at enrollment. Each subject in the intervention
group received individualized counseling aimed at in-
ducing approximately 5% weight loss through the reduc-
tion of total and saturated fat intake and increased intake
of fiber. In addition, the participants were instructed to
increase their physical activity by approximately 210 min
per week. The mean weight loss by the end of the second
year was approximately 3.5 kg in the intervention group
and approximately 0.8 kg in the control group. The cu-
mulative incidence of diabetes after 4 years was 11% in
the intervention group and 23% in the control group, a
significant 58% reduction in diabetes incidence.

Diabetes Prevention Program

The lifestyle intervention arm of the Diabetes Preven-
tion Program (DPP) enrolled 1,079 subjects with IGT (out
of the 3,234 participants enrolled in the study) drawn
from all ethnic and racial groups in the US population
[20]. The two major goals of the DPP lifestyle interven-
tion were a minimum of 7% weight loss/weight mainte-
nance and a minimum of 150 min of physical activity
similar in intensity to brisk walking. The goals for the
participants assigned to the intensive lifestyle interven-
tion were to achieve and maintain a weight reduction of
at least 7% of the initial body weight through modest ca-
loric restriction (500-700 fewer calories per day) and to
engage in physical activity of moderate intensity, such as
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brisk walking, for at least 150 min per week. After an av-
erage follow-up period of 2.8 years, the participants ran-
domized to lifestyle intervention showed a 58% reduction
in the incidence of diabetes, as compared with placebo
[20]. This beneficial effect of lifestyle intervention was
seen in all age, gender, racial and ethnic subgroups of the
DPP participants. Furthermore, reversion to normal glu-
cose tolerance occurred in approximately 30% of the sub-
jects in the lifestyle intervention arm, as compared with
approximately 18% in the control arm. Thus, caloric re-
striction and increased physical activity not only prevent-
ed progression from IGT to diabetes, but were also effec-
tive in restoring normal glucose tolerance in a substantial
proportion of subjects with initial IGT [20].

Effect of Lifestyle Change on Components of the

Metabolic Syndrome

The DPP investigators [21] assessed the effects of life-
style intervention, metformin and placebo on CVD risk
factors and markers of the metabolic syndrome among
subjects with IGT. Compared with the placebo and met-
formin arms, subjects assigned to lifestyle intervention
showed decreased blood pressure, increased HDL choles-
terol levels and lower triglyceride levels during approxi-
mately 3 years of follow-up. Intensive lifestyle modifica-
tion was also associated with a reduction in the more ath-
erogenic small, dense LDL particles [21]. Consonant with
the foregoing findings, there was a reduced need for an-
tihypertensive and lipid-lowering medications among
subjects assigned to the intensive lifestyle arm.

Besides reducing the need for antihypertensive medi-
cations, lifestyle intervention had a profound effect on
the occurrence of new cases of hypertension in the DPP.
The prevalence of hypertension at baseline was approxi-
mately 30% in the 3 comparison groups. After 3 years of
follow-up, the prevalence increased to approximately
40% in the placebo and metformin arms but remained at
approximately 30% in the intensive lifestyle group, which
represents a risk reduction of 33% in the lifestyle group,
compared with placebo or metformin treatment [21, 22].
This finding is in agreement with the well-known favor-
able effect of exercise and dietary modification on the
regulation of blood pressure.

‘Epigenetic’ Effects of Lifestyle Intervention

Emerging data from landmark clinical trials such as
the DPP and FDPS indicate significant gene-lifestyle in-
teractions in predicting progression from prediabetes to
type 2 diabetes [23-25]. A significant interaction between
the G308A and A308A alleles of the tumor necrosis fac-
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Table 3. Gene-by-lifestyle interactions in diabetes prevention studies

Gene Association Risk Source
reduction

TCF7L2 type 2 diabetes 66% DPP [24]

ENPPI type 2 diabetes 55% DPP [25]

TNF-« (-308A allele vs. G308G genotype) type 2 diabetes - FDPS [23]

PPARG (Prol2Ala genotype) obesity 20% DPP [28, 29]

TNF-a polymorphism predicted diabetes in the lifestyle arm only. PPARG = Peroxisome proliferator-acti-

vated receptor-vy.

tor-a (TNF-a) gene and the development of diabetes was
observed among the subjects assigned to lifestyle inter-
vention in the FDPS [23]. Furthermore, a microsatel-
lite within intron 3 of the transcription factor 7-like 2
(TCF7L2) gene, located on chromosome 10q, has been
strongly associated with type 2 diabetes [26]. TCF7L2 is
thought to act through the modulation of proglucagon
gene expression, incretin processing and insulin secretion
in enteroendocrine cells [26]. The two most strongly as-
sociated TCF7L2 variants are rs12255372 and rs7903146.

In the DPP, 3,548 study subjects with prediabetes at
baseline were genotyped for TCF7L2 variants and Cox’s
regression analysis was performed using genotype, inter-
vention and their interactions as predictors [24]. The DPP
investigators also assessed the effect of genotype on mea-
sures of insulin secretion and insulin sensitivity at base-
line and at 1 year, and on progression from prediabetes to
type 2 diabetes. Over a period of 3 years, participants
with the risk-conferring TT genotype at rs7903146 were
more likely to have progressed from prediabetes to dia-
betes than were CC homozygotes [24]. Interestingly, the
diabetogenic effect of the T'T genotype was strongest in
the placebo group and weakest in the lifestyle interven-
tion group (hazard ratio: 1.81 vs. 1.15; p = 0.0004). This
translates to a 66% risk reduction in the lifestyle group.
Furthermore, the TT genotype was associated with de-
creased insulin secretion at baseline. Essentially similar
results were obtained for the rs12255372 gene variant,
and the effects were consistent across race/ethnicity
[24].

The DPP investigators have carried out a similar anal-
ysis for the ectoenzyme nucleotide pyrophosphatase
phosphodiesterase 1 (ENPPI) gene [25]. ENPPI inhibits
insulin signaling, and the Q allele in the K121Q polymor-
phism is associated with type 2 diabetes [27]. In the DPP,
carriers of the Q allele had a 38% greater risk of progres-
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Cardiovascular Disease Risk

sion from prediabetes to diabetes compared to KK homo-
zygotes, and lifestyle intervention significantly decreased
that effect (table 3) [25]. Also, a polymorphism of the per-
oxisome proliferator-activated receptor-vy gene involving
proline-for-alanine substitution at position 12 (Prol2Ala
polymorphism) was associated with obesity and future
diabetes risk in the DPP study [28, 29]. In the placebo
group, body fat decreased in Alal2 allele carriers, but was
unchanged in Prol2 homozygotes. Following lifestyle in-
tervention, body fat decreased across the genotypes, but
the reduction was greater in Alal2 carriers [28].

Translation to the Community

The keys to the translation of lifestyle change to the
community consist of evidence-based change in practic-
es of physicians and primary care providers, the educa-
tion and mobilization of the lay public for behavior
change, and the involvement of civic and health care lead-
ership.

The information and knowledge base of the health
care community can be steered toward emphasizing life-
style intervention through a number of established ap-
proaches. First, curriculum development in primary and
high schools should incorporate information on the pre-
vention of diabetes and cardiometabolic risk within a
wider context of wellness and health promotion. Second,
students in schools of medicine, nursing, pharmacy and
allied medical fields must receive adequate exposure to
formal instruction in the design and key findings of these
landmark prevention studies. Third, understanding the
principles and methods of lifestyle intervention in the
primary prevention of chronic metabolic disorders should
become a priority in the core curriculum of residency
training programs. Finally, the knowledge base of prac-
ticing physicians in all disciplines (including internists,
family physicians, endocrinologists, cardiologists, ne-
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phrologists, general and specialist surgeons), nurse prac-
titioners and other primary care providers must be con-
tinually updated, with particular emphasis on the effi-
cacy of lifestyle change. To reach an even wider segment
of society, however, requires additional coordinated ef-
forts at the local, regional, state, national and interna-
tional levels [30, 31].

Strategies for Lifestyle Change in the Community

The lifestyle intervention in the DPP utilized 5 key ap-
proaches, many of which could be adapted for implemen-
tation in the community setting.

Selection of Persons at Risk. The DPP utilized the risk
factor approach (table 2) to screen persons for enrollment.
This approach proved to be legitimate because the par-
ticipants randomized to placebo did in fact develop dia-
betes at an alarming rate (approx. 12% per year) [20]. It
must be noted, though, that a family history of diabetes
was not included in the NCEP criteria for recognition of
the metabolic syndrome, and the BMI (rather than waist
circumference) was used as a marker of obesity in the
DPP. The differences between the NCEP criteria and the
DPP risk markers may actually cancel out since the inclu-
sion of visceral obesity in the former enriches the risk pool
for diabetes and CVD, while the inclusion of familial risk
is likely to do the same for the DPP criteria. Targeting per-
sons with a positive family history of type 2 diabetes or
CVD who have a high BMI (>24) or alarge girth (>102 cm
in men, >88 cm in women), dyslipidemia and a fasting
plasma glucose of >100 mg/dl [32] should produce a high
yield of eligible individuals for lifestyle intervention in the
community. The BMI cutoff should be lowered to >22 for
Asians [33]. Similarly, lower thresholds for waist circum-
ference in Asian men and women have been proposed by
the International Diabetes Federation.

Increasing Physical Activity. The landmark studies
[18-20] have demonstrated the efficacy and safety of
moderate-intensity physical activity (150-210 min per
week of walking or other aerobic activity) on the reduc-
tion of obesity, prevention of diabetes and amelioration
of components of the metabolic syndrome. In the DPP,
screening with submaximal cardiac stress testing was
performed before the initiation of the exercise interven-
tion program. The physical activity intervention was not
associated with any untoward cardiovascular events or
injuries. Therefore, routine cardiac stress testing prior to
the initiation of moderate physical activity is unneces-
sary in otherwise healthy subjects. Given that the inten-
sity of exercise in the DPP (equivalent to brisk walking)
was not much higher than usual activities in healthy sub-
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jects, selective cardiac screening for persons with a his-
tory of angina or CVD (rather than universal screening)
would seem prudent. Nonetheless, persons who have
been chronically sedentary should initiate physical activ-
ity gradually (perhaps for 10 min daily) and increase
slowly to a level of 30 min daily. All persons should in-
clude a warm-up period at the beginning of the exercise
session. Because of the high prevalence of the metabolic
syndrome and the low rate of physical activity [34], novel
strategies will be required to raise national levels of phys-
ical activity, particularly among high-risk populations.

Individual Case Managers or ‘Lifestyle Coaches’. Fre-
quent contacts (weekly to bimonthly) between partici-
pants and individual lifestyle coaches were necessary to
prove the concept of primary prevention of diabetes and
associated metabolic disorders [35]. For translation to the
community at large, a less intense interaction model in-
volving groups of at-risk persons (rather than one-on-one
sessions) would be more practical, given the constraints
of cost and personnel. At these group meetings, the life-
style coach or group leader sets targets and uses nondi-
rective approaches to the augmentation of minutes spent
in daily physical activity. Opportunities for increasing
physical activity at home, in the work place and in the
community are identified. The value of making small,
steady changes toward an eventual accrual of at least 30
min of daily physical activity is stressed.

Dietary Modification. The participants in the land-
mark diabetes prevention studies [18-20, 35] were asked
to reduce their intake of fat calories to <30% and total
calories by 500-700 kcal per day. This element of lifestyle
change was accomplished initially through weekly one-
on-one sessions with a dietitian for 24 weeks, followed by
monthly sessions. The FDPS utilized a less intensive
schedule (7 sessions in year 1, then every 3 months) and
achieved a similar reduction in diabetes risk as did the
DPP. Thus, following an initial dietary counseling ses-
sion, maintenance visits at approximately 3-month inter-
vals could well suffice as an effective intervention in the
community setting. However, at such dietary counseling
sessions, emphasis needs to be placed on specific dietary
modifications that have proven to be effective. Evidence
of such a focused dietary counseling was seen in a study
involving 120 obese women followed for 2 years, in which
subjects who received education about exercise and how
to lose weight through a Mediterranean-style diet had
greater weight loss than those who received general infor-
mation about healthy food and exercise (14 vs. 3 kg; p <
0.001) [36].
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Self-Monitoring. The self-monitoring of food intake
and of the accrual of physical activity minutes is a valu-
able adjunct to effective lifestyle change [37]. The objec-
tive monitoring of weight by a community intervention-
ist also could be a source of motivation. For these reasons,
any program of lifestyle change in the community must
incorporate tools for behavioral self-monitoring and
make provisions for on-site objective monitoring of
weight, waist circumference and other relevant metabol-
ic endpoints. Clearly, the hospital- or clinic-based disease
management system would be most unsuitable for the
implementation of lifestyle change among the vast major-
ity of asymptomatic persons in the community. For such
persons, the creation of novel primary prevention or well-
ness centers in the community would provide an efficient
vehicle for the translation of these strategies.

Summary

Dietary modification, regular physical activity, smok-
ing cessation and other lifestyle changes have been shown
to exert favorable effects on glycemia, blood pressure,
body weight, fat distribution, and lipid and lipoprotein
profiles, among other metabolic and psychological ben-
efits. Thus, all the components of the metabolic syndrome
are sensitive to lifestyle intervention. The effects of life-
style intervention have been demonstrated to result in the
primary prevention of type 2 diabetes, hypertension and
dyslipidemia in prediabetic subjects. In the DPP, the ben-
efits of lifestyle change were observed universally across
all age and BMI groups, whereas the effect of metformin
was restricted to young obese persons [20, 38]. Further-
more, emerging data suggest that lifestyle intervention
might exert ‘epigenetic’ effects that translate to the pre-
vention or delay of progression from prediabetes to dia-
betes [23-29]. These fascinating observations provide
novel mechanisms whereby behavioral interventions can
alter the expression of genetic diseases.

Among patients with isolated diabetes, hypertension,
dyslipidemia or the metabolic syndrome, lifestyle change
is an important adjunct to medications. However, direct
evidence is still lacking with regard to the beneficial
effects of lifestyle interventions (except for smoking
cessation) on mortality and cardiovascular events. The
ongoing National Institutes of Health-sponsored Look
AHEAD study might provide answers in the future [39].

For the tens of millions of people in the USA and the
hundreds of millions worldwide who have the metabolic
syndrome, lifestyle modification is the most appealing

Lifestyle Modification, Diabetes and
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Table 4. Empowering lifestyle change in the community

Incorporation of wellness and prevention in school curriculum

Coordination of efforts at multiple levels within the society

Enactment of policy changes that stimulate broad societal
participation

Access to safe walking trails, and well-kept and well-lit public
parks

Creation of accessible and affordable neighborhood fitness
centers

Increased nutritional education and changes in food offerings
and advertising

Legislation that rewards healthful behavior and discourages
harmful behavior

Creation of community primary prevention or wellness
centers

and most compelling initial approach because of its non-
toxicity and superb efficacy, compared with medications.
Furthermore, the predicted massive surge in future dia-
betes rates in developing countries makes timely non-
pharmacological prevention all the more compelling
[40]. The implementation of either primary or adjunctive
lifestyle intervention for the prevention or management
of cardiometabolic disorders in the community requires
coordinated efforts at multiple levels within the health
care establishment and society. At the highest level of civ-
ic organization, environmental and policy changes that
stimulate broad societal participation in physical activity
and the adoption of healthful diets need to be enacted. As
a minimum, these policies need to ensure access to safe
walking trails, well-kept public parks, accessible and af-
fordable neighborhood fitness centers, changes in food
offerings and advertising, and novel approaches to nutri-
tional counseling. Appropriate legislation [41] that pro-
motes and rewards healthful behavior and discourages
harmful behavior may also be considered (table 4). Final-
ly, it must be noted that the clinical studies [18-20] used
arather intensive lifestyle modification to achieve benefi-
cial metabolic endpoints. For practical purposes, the ef-
fectiveness of less intensive interventions needs to be
demonstrated in the general population. There are some
ongoing translational studies that might provide such
data in the future [42].
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