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Metabolic Syndrome: Epidemiology and Consequences

he metabolic syndrome is a clustering of metabolic
abnormalities within a single individual that is asso-
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T
ciated with an increased risk of cardiovascular disease.
These abnormalities include dysregulation of glucose me-
tabolism, abdominal or visceral obesity, dysregulation
of plasma lipids (specifically low plasma levels of high-
density lipoprotein cholesterol [HDL-C] and high plasma
levels of triglycerides), and elevated blood pressure.
Whereas each of these components of the metabolic
syndrome is itself a risk factor for cardiovascular mor-
bidity and mortality, when they exist in concert, the in-
creased risk appears to be at least additive.1 Prothrombotic
and proinflammatory states are also considered part of
the metabolic syndrome, but are not currently used in its
diagnosis.2

This clustering of risk factors has been recognized
for many years and has previously been referred to as
“syndrome X,” or the insulin resistance syndrome,3,4 and
indeed the World Health Organization (WHO) required
impaired glucose tolerance for the diagnosis.5 However,
insulin resistance is not invariably present with obesity or
dyslipidemia, leading U.S. national guidelines to take a

broader view of the metabolic syndrome, considering ab-
dominal obesity and insulin resistance equally as potential
causes.

The importance of metabolic syndrome as a cardiovas-
cular risk factor has led the National Cholesterol Education
Program (NCEP) Expert Panel on Detection, Evaluation,
and Treatment of High Blood Cholesterol in Adults (Adult
Treatment Panel [ATP] III) and WHO to publish defini-
tions of the metabolic syndrome to be used in its diagno-
sis.2,5 These definitions are presented in Table 1. Using the
NCEP/ATP III definition, a diagnosis of metabolic syn-
drome is made when an individual has any 3 of the compo-
nents listed. The WHO definition is similar and differs
mainly in that it requires a diagnosis of diabetes, impaired
glucose regulation, or insulin resistance in addition to 2 or
more of the other components for a diagnosis of metabolic
syndrome. Despite the differences in the definitions, the
NCEP/ATP III and WHO definitions identify the same
individuals about 85% of the time.6 The National Heart,
Lung, and Blood Institute and the American Heart Associa-
tion recently sponsored a conference to examine scientific
issues related to definition of the metabolic syndrome.7 The
conference confirmed cardiovascular disease as a major
clinical outcome of metabolic syndrome and highlighted
the 6 major components of the syndrome identified in ATP
III: abdominal obesity, atherogenic dyslipidemia, elevated
blood pressure, insulin resistance with or without glucose
intolerance, a proinflammatory state, and a prothrombotic
state.7 While the conference participants noted that there
were some differences between the diagnostic criteria for
metabolic syndrome developed by different groups, there
was full agreement that therapeutic lifestyle change consti-
tuted first-line therapy, with pharmacologic therapy added
as needed to treat specific components of the syndrome.
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EPIDEMIOLOGY OF METABOLIC SYNDROME

Metabolic syndrome is a common finding in the U.S.
population. Data from the Third National Health and Nu-
trition Examination Survey (NHANES III) have recently
been used to evaluate the epidemiology of metabolic syn-
drome in the United States. The overall prevalence of
metabolic syndrome using the NCEP/ATP III definition
was 23.9% for the 8608 participants ≥ 20 years old who
had complete information for the metabolic syndrome
components.6 As illustrated in Figure 1, the prevalence
of metabolic syndrome depends on sex and ethnic back-
ground. In this study, African American men had the low-
est mean ± SE age-adjusted prevalence, 16.5 ± 1.0%, and
Mexican American women had the highest age-adjusted
prevalence, 36.3 ± 3.1%.6 The prevalence of metabolic
syndrome increases with age, from about 7% in those be-
tween the ages of 20 and 29 years to over 40% in those
over 60 years old.6

The age-adjusted prevalence of the individual compo-
nents of the metabolic syndrome is presented in Figure 2.

It is clear that abdominal obesity is a key component of
metabolic syndrome, especially in women. In men with a
body mass index (BMI) between 30 and 35 kg/m2, the risk
of metabolic syndrome is increased 25-fold (p < .001)
compared with men who have a BMI between 18.5 and 25
kg/m2.8 In men with a BMI ≥ 35 kg/m2, the risk is 68-fold
greater (p < .001). It is important to note that these esti-
mates of metabolic syndrome prevalence used data that
were collected between 1988 and 1994. Between 1991 and
2001, the prevalence of obesity (BMI ≥ 30 kg/m2) has
increased from 12% to 20.9%,9 and this increase would be
expected to increase the prevalence of metabolic syn-
drome substantially.8

Because many consider abnormalities in glucose me-
tabolism and insulin sensitivity to be key elements linking
the components of metabolic syndrome,10 it is surprising
that elevated fasting plasma glucose is the least common
component of the metabolic syndrome. However, fasting
glucose is a relatively insensitive measure of glucose and

Table 1. National Cholesterol Education Program (NCEP) Adult Treatment Panel III (ATP III) and World Health Organization
(WHO) Definitions of Metabolic Syndrome
NCEP/ATP III Definition2 WHO Definition5

Three or more of the following: Diabetes, IGT,a IFG,b or insulin resistance plus 2 or more of the following:
Waist circumference BMI > 30 kg/m2 and/or WHR > 0.90 in men, > 0.85 in women

> 102 cm (> 40 in) in men
> 88 cm (> 35 in) in women

Triglycerides ≥ 150 mg/dL Triglycerides ≥ 150 mg/dL and/or HDL-C < 35 mg/dL in men, < 39 mg/dL in women
HDL-C

< 40 mg/dL in men
< 50 mg/dL in women

BP ≥ 130/85 mm Hg BP ≥ 140/90 mm Hg
FPG ≥ 110 mg/dL Microalbuminuria (UAE ≥ 20 µg/min or albumin:creatinine ratio ≥ 30 mg/g)

aNormal fasting glucose plus plasma glucose ≥ 120 mg/dL 2 hours after 75-g glucose load.
bPlasma glucose ≥ 100 and < 110 mg/dL after overnight fast.
Abbreviations: BMI = body mass index, BP = blood pressure, FPG = fasting plasma glucose, HDL-C = high-density lipoprotein cholesterol,

IFG = impaired fasting glucose, IGT = impaired glucose tolerance, UAE = urinary albumin excretion, WHR = waist-to-hip ratio.

Figure 1. Age-Adjusted Prevalence of Metabolic Syndrome
Among 8608 Adult Participants in NHANES III by Sex and
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Figure 2. Age-Adjusted Prevalence of the Individual
Components of the Metabolic Syndrome as Defined by
NCEP/ATP IIIa
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insulin dysregulation. The important role of abnormalities
in glucose metabolism in the prevalence of metabolic
syndrome was recently reported by Alexander et al.11 In
NHANES III participants more than 50 years old, a clear
stepwise increase in the prevalence of metabolic syndrome
was found as glucose tolerance worsened, increasing from
26% in those with normal fasting glucose, to 33% in those
with impaired glucose tolerance and normal fasting glu-
cose, to 71% in those with impaired fasting glucose, to
86% in those with type 2 diabetes.

EVIDENCE OF INCREASED
MORBIDITY AND MORTALITY

The impact of metabolic syndrome on cardiovascular
morbidity and mortality as well as on the incidence of
new-onset diabetes has been shown in several studies. In
the NHANES III data analyses, metabolic syndrome was
associated with a significantly increased odds ratio for
self-reported myocardial infarction, stroke, and congestive
heart failure.6 In survey participants over 50 years old
without diabetes, the age-adjusted prevalence of coronary
heart disease (CHD) was increased from 8.7% to 13.9% by
metabolic syndrome.8 Prospective studies yield evidence
that is more convincing. In a study of families with type 2
diabetes, metabolic syndrome was associated with a rela-
tive risk of CHD, myocardial infarction, or stroke of 2.96,
2.63, and 2.27, respectively, during the median 6.9-year
follow-up (p < .001 for all values).12 The Kuopio Ischemic
Heart Disease Risk Factor Study followed a cohort of
Finnish men without a history of cardiovascular disease,
cancer, or diabetes at baseline for a median of 11.6 years.
The presence of metabolic syndrome was associated with
a 4.2-fold increased risk of CHD mortality (95% CI = 1.6
to 10.8). In addition, a 5.0- to 8.8-fold increase in the inci-
dence of type 2 diabetes was observed in those men with
metabolic syndrome during a 4-year follow-up study of

the original study population.13 Similar results were re-
ported for a retrospective analysis of the West of Scotland
Coronary Prevention Study in which baseline metabolic
syndrome in moderately hypercholesterolemic men was
associated with a relative risk of CHD of 1.76 (95%
CI = 1.44 to 2.15) and of new-onset diabetes of 3.51 (95%
CI = 2.47 to 4.98).1 Each component of the metabolic syn-
drome increased risk of CHD stepwise, while diabetes risk
was synergistically increased when at least 4 factors were
present (Figure 3).

CAUSES OF METABOLIC SYNDROME

The causes of metabolic syndrome are not well under-
stood but clearly involve many factors, including visceral
or central obesity and insulin resistance. Modifiable en-
vironmental factors, such as sedentary lifestyle, are in-
volved,14 as is genetic susceptibility, quite likely involving
multiple genes. Evidence of the genetic component comes
from family studies that have shown that components of
the metabolic syndrome are more likely to occur when
each parent has diabetes, hypertension, or both.15 Simi-
larly, twin studies have shown a higher coprevalence of
components of the metabolic syndrome in monozygotic
than in dizygotic twins.16 Visceral or central obesity and
insulin resistance, arising from either modifiable or ge-
netic factors, appear to be likely proximal causes of meta-
bolic syndrome.

Role of Central Obesity
Both the NCEP/ATP III and WHO definitions of meta-

bolic syndrome include parameters relating to central obe-
sity, with NCEP/ATP III using a waist circumference cut-
off of > 102 cm (> 40 in) for men and > 88 cm (> 35 in)
for women and WHO using a BMI of > 30 kg/m2 and/or a
waist-to-hip ratio of > 0.90 in men and > 0.85 in women.
Even for subjects with similar BMIs, waist circumference

Figure 3. Cardiovascular Disease (A) and Diabetes (B) Incidence According to Number of Metabolic Syndrome Componentsa
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is correlated with the risk for hypertension, diabetes, dys-
lipidemia, and metabolic syndrome. In a study utilizing al-
most 15,000 participants from NHANES III, Janssen and
colleagues17 found that for participants with a normal
BMI (18.5–24.9 kg/m2), the risk of hypertension, hyper-
cholesterolemia, hypertriglyceridemia, and metabolic syn-
drome was significantly higher for patients with high
waist circumference. A similar pattern was evident in par-
ticipants who were overweight (BMI of 25.0–29.9 kg/m2)
or class I obese (BMI of 30.0–34.9 kg/m2). The localized
compartmentalization of adipose tissue appears to be an
important factor in the development of insulin resistance.
In a study18 of 51 overweight or obese men, intraperito-
neal, anterior, and posterior subcutaneous fat mass was
assessed using magnetic resonance imaging and correlated
with metabolic parameters including insulin resistance
and triglyceride concentrations. Intraperitoneal fat mass
correlated best with insulin resistance, very-low-density
lipoprotein (VLDL)–apolipoprotein B (apoB) concentra-
tions, and VLDL production by the liver.

In an analysis utilizing data from 1087 nondiabetic pa-
tients enrolled in the Insulin Resistance Atherosclerosis
Study, 2 underlying “factors” were identified that con-
tributed to the intercorrelational nature of metabolic
syndrome.19 One factor was labeled the “blood pressure
factor” and included both systolic and diastolic blood
pressure. However, the authors suggested that this factor
was secondary to a “metabolic factor,” which included
variables such as insulin resistance, obesity, low con-
centration of HDL-C, and high triglyceride concentration.

Role of Dyslipidemia
Some of the factors that contribute to central obesity

(e.g., poor diet and insufficient exercise) also contribute to
the atherogenic dyslipidemia exhibited in the metabolic
syndrome. This dysregulated lipid profile is characterized

by factors including low serum concentrations of HDL-C,
high concentrations of serum triglycerides, and small low-
density lipoprotein cholesterol (LDL-C) particle size. Low
HDL-C concentrations have been linked to increased risk
for CHD, even when other risk factors are not present.
Data from the Prospective Cardiovascular Munster Study
indicated that the risk for developing CHD was 4-fold
higher in men over 40 years of age whose HDL-C was
< 35 mg/dL than in men whose HDL-C was ≥ 35 mg/dL.20

Among men and women over 50 years old from the
Framingham Heart Study, HDL-C concentration exhibited
a strong inverse relationship with the incidence of CHD in
both men and women, even among those subjects whose
LDL-C or triglyceride concentration was not elevated
(Figure 4).21 In fact, HDL-C may be a stronger predictor
of CHD development among patients with low LDL-C
concentrations. A pooled analysis of patients enrolled in
the Cholesterol and Recurrent Events and the Long-Term
Intervention With Pravastatin in Ischemic Disease studies
found that the occurrence of CHD events was almost 3
times higher among those patients who had the lowest
compared with the highest quintile of HDL-C concentra-
tion (28 vs. 50 mg/dL) and who had LDL-C levels of
< 125 mg/dL.22

In addition to HDL-C, serum triglyceride concentration
is associated with the development of and mortality asso-
ciated with CHD. The relative risk of CHD among men
and women in the Framingham Heart Study increased as
serum triglyceride levels increased, although relative risk
plateaued at roughly 300 mg/dL and higher (Figure 5).23

In addition, hypertriglyceridemia in patients with non–
insulin-dependent diabetes (NIDDM) is associated with
an increased risk of mortality due to CHD.24 The asso-
ciation between hypertriglyceridemia and diabetes has
long been recognized. For example, Olefsky and col-
leagues25 found that serum triglyceride concentrations
correlated closely with insulin response to oral glucose
tolerance tests. The mechanisms behind this association

Figure 4. Low HDL-C: Independent Predictor of Coronary
Heart Disease Risk, Even When LDL-C Is Lowa
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Figure 5. Risk of Coronary Heart Disease by Triglyceride
Level: The Framingham Heart Study (N = 5127)a
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are related to several aspects of triglyceride metabolism.
Howard and colleagues26 examined triglyceride metabo-
lism in matched diabetic and control patients and found
that those subjects with diabetes not only had higher mean
serum concentrations of triglyceride, but also exhibited re-
duced catabolism of triglyceride compared with controls.
Another study27 found that patients with NIDDM exhibited
an impaired ability of insulin to suppress the release of
large, triglyceride-rich particles from the liver.

Lewis and Steiner performed several studies that exam-
ined the association between serum triglyceride and insu-
lin. In one study28 of insulin-sensitive individuals, they
found that production of plasma free fatty acids (FFAs),
triglycerides, and apoB was suppressed in response to in-
sulin. When insulin-induced suppression of plasma FFA
levels was prevented, triglyceride production was still in-
hibited, although less than with insulin alone. The authors
concluded that insulin suppressed triglyceride production
in insulin-sensitive subjects partly by suppressing plasma
FFA levels and partly by a non-FFA mediated mechanism
such as suppression of VLDL secretion. Pont and col-
leagues29 examined the metabolism of different lipids in
female volunteers and found that insulin-resistant women
who had abdominal obesity but normal fasting triglyceride
levels exhibited increased serum lipid production (in-
cluding triglyceride) relative to control subjects. There-
fore, there are several mechanisms through which insulin
resistance, NIDDM, and serum triglyceride levels are
associated.

Role of Inflammation
More recently, inflammation has been suggested as a

risk factor in the development of atherosclerosis and, al-
though not part of the definition of the metabolic syndrome
per se, appears to be associated with each of the compo-
nents of the metabolic syndrome and the development of
NIDDM.30–32 In a subset of nondiabetic patients from the

Insulin Resistance Atherosclerosis Study, C-reactive pro-
tein (CRP) level, an indicator of inflammatory activity,
was correlated with several parameters, including BMI,
waist circumference, and insulin sensitivity.33 As the num-
ber of metabolic disorders (dyslipidemia, abdominal obe-
sity, insulin resistance, hypertension) present increased,
CRP levels increased in a linear fashion. In a large popula-
tion from the Women’s Health Study, CRP levels were
also found to increase with an increasing number of com-
ponents of the metabolic syndrome, such that median CRP
levels were over 8 times higher in subjects who exhibited
all 5 components of the metabolic syndrome compared
with subjects who exhibited no component.34 Further-
more, CRP levels of ≥ 3.0 mg/L afforded an additional
predictive value with respect to events related to cardio-
vascular disease over the presence of metabolic syndrome
alone (Figure 6).

Role of Psychological Status
In addition to the more obvious physical parameters as-

sociated with the metabolic syndrome, it is likely that sev-
eral other parameters relating to emotional status, includ-
ing hormones, behavioral status, and stress, contribute to
the components of metabolic syndrome. For example, in a
population of nondiabetic Finnish men, testosterone levels
were significantly lower in men with the metabolic syn-
drome (WHO definition).35 Even after adjustment for age
and BMI, testosterone was inversely associated with con-
centrations of insulin, glucose, triglycerides, and CRP.
Men with the lowest testosterone levels were almost 3
times more likely to have the metabolic syndrome and al-
most 2 times more likely after adjusting for BMI. The rela-
tionship between psychological state and metabolic health
is even more evident in women. A cohort of 425 women
was followed for over 7 years and assessed for several
psychological factors and components of the metabolic
syndrome.36 Women who exhibited high scores on the

Figure 6. C-Reactive Protein Adds to Prediction of Cardiovascular Disease in Metabolic Syndrome (MS) in U.S. Womena

aReprinted with permission from Ridker et al.34
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Beck Depression Inventory at baseline had a greater risk
for developing the metabolic syndrome during follow-up
(Figure 7). Conversely, women who exhibited the meta-
bolic syndrome at baseline had a greater mean increase in
Spielberger Trait Anger and Trait Anxiety scores during
follow-up. These results are not surprising considering the
vast literature examining the association between psycho-
logical health, stress, and eating disorders.

Even among children and adolescents, psychological
health may contribute to future metabolic status. A study37

utilizing a cohort of 134 children assessed whether hostil-
ity at study entry predicted the appearance of metabolic
syndrome risk factors an average of 3 years later and
found that children who exhibited high hostility scores at
baseline were likely to exhibit the metabolic syndrome at
the follow-up.

Some of the association between psychological state
and metabolic syndrome may be related to chronic stress
responses. In a study of working men aged 45 to 63 years,
metabolic syndrome was associated with higher levels of
urinary cortisol and catecholamine output and higher lev-
els of CRP.38 Interestingly, subjects who had formerly ex-
hibited the metabolic syndrome had cortisol output similar
to control subjects, suggesting that some changes associ-
ated with psychological contributions to the development
of the metabolic syndrome might be reversible.

RELEVANCE TO PSYCHIATRY

An association between several psychiatric disorders
and the prevalence of metabolic syndrome and its compo-
nents has been reported. For example, abdominal obesity,
elevated fasting glucose, and impaired glucose tolerance
were associated with an increase in depressive symptoms
in men.39 In women, an increased waist-hip ratio is re-
ported to be associated with an increase in anxiety and de-

pression.40 The directionality of this association is not es-
tablished; a recent prospective study41 of 2123 subjects
≥ 50 years old suggests that obesity at baseline is signifi-
cantly associated with incident depression 5 years later,
but depression at baseline was not associated with incident
obesity during the same 5-year period. Another recent pro-
spective study36 showed that middle-aged women with
high scores for depression, anger, anxiety, and tension at
baseline had an increased risk of developing metabolic
syndrome during the 7-year follow-up period. Interest-
ingly, metabolic syndrome at baseline was a risk factor for
increasing anxiety and anger. Depression may also be as-
sociated with disorders of glucose metabolism and has
been shown to be more common in patients with type 2
diabetes than in those without diabetes.42 At least one pro-
spective study43 indicated that depression at baseline pre-
dicted the development of type 2 diabetes over a 13-year
follow-up period. It is not clear whether all of the in-
creased cardiovascular morbidity and mortality observed
in subjects with anxiety disorders or depression can be ex-
plained by these associations with components of the met-
abolic syndrome.44,45

Recent studies of bipolar patients have found higher
rates of obesity compared with reference control subjects.
Elmslie and colleagues46 studied 89 euthymic bipolar
(DSM-IV) patients and compared them with 445 reference
subjects matched for age and sex and found higher rates
of obesity in both male and female bipolar patients, with
a significantly larger waist-hip ratio in both men and
women. McElroy and coworkers47 compared 644 bipolar
patients in the Stanley Foundation Bipolar Treatment Out-
come Network and found that both men and women
had higher rates of obesity than those observed in the
NHANES III study. Of interest in the present discussion
is the observation that the prevalence of hypertension
and diabetes was significantly associated with increasing
BMI, suggesting an increased prevalence of metabolic
syndrome.

Patients with schizophrenia have a high prevalence of
the components of metabolic syndrome, and a recent study
suggests that the prevalence of metabolic syndrome is
37% in patients with schizophrenia.48 However, because
most patients are drug-treated, it is difficult to separate
abnormalities associated with the disease from those that
may be drug-induced. However, several studies suggest
that schizophrenia patients may have metabolic abnor-
malities associated with metabolic syndrome prior to
beginning drug treatment. For example, Ryan et al.49 stud-
ied 26 patients experiencing their first episode of schizo-
phrenia. Compared with an age- and sex-matched control
group, this drug-naive patient group had a higher preva-
lence of impaired fasting glucose (15.4% vs. 0%, p < .02)
and a higher level of insulin resistance as assessed by
homeostasis model assessment (p < .01). However, waist
circumference and plasma triglycerides were similar in

Figure 7. Psychological Symptoms and the Risk of Metabolic
Syndrome During 7-Year Follow-Up in Postmenopausal
Womena
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the 2 groups. Other investigators have reported that
drug-free and drug-naive schizophrenia patients have
more than 3 times as much intra-abdominal fat as control
subjects.50

Patients with schizophrenia have a higher rate of mor-
tality from cardiovascular disease compared with the
general population,51 and many think that atypical anti-
psychotic drugs may contribute to this increased risk. In-
deed, drug-induced weight gain, new-onset diabetes and
changes in glucose metabolism, and lipid dysregulation
have all been reported with this class of pharmacotherapy.
However, these metabolic changes are not equivalent
among different antipsychotic agents. Four national orga-
nizations recently published a consensus statement re-
garding the metabolic liability profile of several antipsy-
chotics and found that the risk for weight gain, diabetes,
and dyslipidemia was not uniform among antipsychotics,
but that certain drugs (e.g., clozapine and olanzapine)
were associated with greater weight gain and risk for dia-
betes and dyslipidemia than aripiprazole and other newer
atypical antipsychotics.52–57

TREATMENT OF METABOLIC SYNDROME

No treatment algorithm for metabolic syndrome cur-
rently exists, and current recommendations are to treat the
individual abnormalities with an emphasis on lifestyle
modification to reduce weight in overweight or obese
individuals.58,59 Because overweight and obesity are also
risk factors for hypertension and dysregulation of glucose
metabolism, reducing weight can positively influence
many components of the metabolic syndrome.59,60 Two
recent studies61,62 have shown that intensive lifestyle mod-
ification focusing on diet and exercise in overweight
subjects with impaired glucose tolerance can reduce the
incidence of diabetes, one of the major consequences
of metabolic syndrome (Figure 8). More aggressive ap-
proaches, including drug and surgical therapy for obesity,
may be indicated for those patients unable to lose
weight.59

Treatment Goals
Treatment goals for patients with the metabolic syn-

drome should take into consideration each of the compo-
nents of the syndrome: for patients with coronary artery
disease (CAD) or CAD equivalent risk (e.g., patients with
diabetes), LDL-C levels should be brought below 100
mg/dL; for patients with multiple risk factors, LDL-C
should be brought to < 130 mg/dL. Serum triglycerides
should be brought below 150 mg/dL, blood pressure
should be 120/80 mm Hg or less, plasma glucose should
be below 110 mg/dL, and HDL-C should be raised to at
least 40 mg/dL. Reaching these goals will require signifi-
cant lifestyle changes for many patients and may require
pharmacologic interventions as well.

Dietary Approaches
The relationship between abdominal obesity and the

other components of the metabolic syndrome makes sen-
sible weight loss a critical requirement for many patients.
There are several common-sense considerations with re-
gard to developing a dietary approach in the treatment of
the metabolic syndrome, the first of which is to develop
or follow a plan that designates a list of foods to eat (or
avoid), specifies times and places for consumption, and
controls the number and size of servings. Changing habits
to emphasize eating foods lower in sugars, saturated fats,
and calories and introducing regular physical activity are
also important. There are several dietary approaches that
have been assessed for their ability to modify different
components of the metabolic syndrome.

The Dietary Approaches to Stop Hypertension (DASH)
study assessed the effects of maintaining a diet rich in
fruits, vegetables, and low-fat dairy products on blood
pressure and found that systolic and diastolic blood pres-
sure could be reduced in normotensive and hypertensive
patients with the study diet compared with a usual U.S.
diet.63 Additional studies64,65 found that by restricting so-
dium levels in addition to following the dietary guidelines
of the DASH study, blood pressure could be further re-
duced, with the greatest reductions evident when combin-
ing the DASH diet with a sodium limit of 1.5 g/day.

Other studies have assessed the Mediterranean diet,
which typically features abundant fresh fruit and vegeta-
bles and moderate amounts of cheese, yogurt, fish, poul-
try, and wine; utilizes olive oil as a fat source (total fat,
25%–43%); and is low in sugar and red meats. The Lyon
Diet Heart Study found that a Mediterranean-type diet was
associated with a reduced incidence of all-cause mortality,
cardiac mortality, and nonfatal myocardial infarction.66,67

Figure 8. Lifestyle Changes to Prevent Type 2 Diabetes
Among Subjects With Impaired Glucose Tolerancea
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aReprinted with permission from Tuomilehto et al.61 Data shown are
for the Finnish Diabetes Prevention Study Group, 522 middle-aged,
overweight subjects with impaired glucose tolerance. The
intervention consisted of individualized counseling aimed at reducing
weight and intake of total and saturated fat, increasing intake of fiber,
and performing physical activity.
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Other studies examined the role of dietary fat source in
metabolic parameters. Mensink and Katan68 conducted a
meta-analysis of 27 controlled trials to calculate the effect
of changes in carbohydrate and fatty acid intake on serum
lipid and lipoprotein levels and found that replacing satu-
rated fat with monounsaturated or polyunsaturated fats
was associated with reductions of 10% to 12% in LDL-C
concentrations, as well as smaller reductions in LDL-C
concentrations. Other trials have assessed different ways
of replacing saturated fat and noted significant reductions
in cholesterol and cardiovascular disease. For example,
when saturated fats are replaced with monounsaturated
or polyunsaturated fats from vegetable oils, LDL-C
decreases, and, equally important, the ratio of LDL-C
to HDL-C decreases, leading to reduced cardiovascular
disease.69

The comparative benefits of dietary plans are subject to
substantial debate, although some studies have assessed
different dietary plans in parallel. For example, a diet fea-
turing moderate fat intake was compared with a low-fat
diet over 18 months in a population of overweight men
and women.70 Patients in the moderate-fat group exhibited
significantly greater reductions in body weight, BMI, and
waist circumference compared with the low-fat group.
Furthermore, patient retention was better in the moderate-
fat group. Another study71 assessed the effects of a low-
carbohydrate, high-protein, high-fat diet versus a conven-
tional (low-calorie, high-carbohydrate, low-fat) diet and
found that patients on a low-carbohydrate diet lost more
weight than subjects on the conventional diet at 3 and 6
months, but not at 12 months. However, at 12 months, pa-
tients on the low-carbohydrate diet exhibited significantly
greater reductions in serum triglycerides and greater in-
creases in HDL-C. There were no significant differences
between the groups at month 12 for percentage change in
total cholesterol or LDL-C.

There is substantial evidence that implementing life-
style and dietary changes can reduce the risk of develop-
ing NIDDM. In the Finnish Diabetes Prevention Study,
overweight patients were assigned either to an interven-
tion group, which received individualized counseling
aimed at reducing weight and total intake of fat, increasing
intake of fiber, and performing physical activity, or to a
control group.61 By the end of year 2, patients in the inter-
vention group experienced a mean weight loss of 3.5 kg,
compared with 0.8 kg in the control group. Most impor-
tantly, the risk for developing diabetes was reduced by
58% for the intervention group compared with control pa-
tients (Figure 8). Stampfer and colleagues72 assessed the
relationship between lifestyle risk factors and their asso-
ciation with CHD in a population of women participating
in the Nurses’ Health Study. Subjects were defined as low
risk if they were nonsmokers, had a BMI < 25 kg/m2, en-
gaged in moderate alcohol consumption, participated in
moderate-to-vigorous exercise for at least half an hour per

day, and scored in the highest 40% of the population for
consumption of a diet that included high fiber and folate
and a high ratio of polyunsaturated to saturated fat and was
low in trans fat. The risk of coronary events or stroke was
reduced by 51% for patients who met 3 of the 5 aforemen-
tioned criteria and by 74% for patients who met all 5 of the
criteria.

Pharmacologic Intervention
There are several guidelines and recommendations

regarding treatment of the individual components of the
metabolic syndrome. For example, the American Diabetes
Association has recommended specific options for the
treatment of diabetic dyslipidemia in adults.73 The recom-
mendations are based on the characteristics of the dys-
lipidemia, so, for example, if a patient exhibits elevated
LDL-C concentrations, the first-line pharmacologic treat-
ment choice is a statin, with bile acid sequestrants or
fibrates added as second-line therapy. Diabetic patients
with hypertriglyceridemia should first establish glycemic
control and then add a fibrate or a statin, particularly
if they also have elevated LDL-C. Raising HDL-C is
often difficult, but improvement may be achieved through
behavioral interventions or by using nicotinic acid or
fibrates.

The American Heart Association and the American Col-
lege of Cardiology published guidelines for the prevention
of heart attack and cardiovascular-related mortality in
patients with cardiovascular disease.74 The primary goals
of dyslipidemia management within these guidelines focus
on LDL-C, where an LDL-C concentration of < 100 mg/dL
is the treatment goal. For patients with LDL-C concentra-
tions of > 100 mg/dL, pharmacologic management should
begin with a statin or bile acid sequestrant, with a fibrate or
niacin added if patients exhibit low HDL-C or high tri-
glyceride levels. All interventions should include dietary
therapy and behavioral interventions.

Since NIDDM is often associated with hypertriglyceri-
demia, considerations should be given to interventions that
specifically target triglycerides. The National Cholesterol
Education Program Expert Panel recommended that for pa-
tients with triglyceride concentrations > 200 mg/dL, treat-
ment should begin with dietary and behavioral interven-
tions and can include pharmacologic interventions that
target specific lipid components.2

SUMMARY

Metabolic syndrome is a clustering of metabolic abnor-
malities that is associated with an increased risk of cardio-
vascular disease and NIDDM and is characterized by ab-
dominal obesity, elevated blood pressure, impaired glucose
metabolism, and dysregulation of plasma lipids. The dys-
lipidemia associated with metabolic syndrome features low
concentrations of HDL-C, high plasma triglycerides, and
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average to low concentrations of LDL-C. While the causes
of metabolic syndrome are not completely elucidated,
there can be several contributing factors, including vis-
ceral obesity, insulin resistance, chronic inflammation,
stress, and hormonal imbalances.

Metabolic syndrome is of particular importance in
the psychiatric community, because many psychiatric dis-
orders are associated with individual components of the
metabolic syndrome. In addition, many psychiatric medi-
cations adversely affect body weight and may adversely
affect plasma lipids and glucose regulation. Recognizing
that some antipsychotics, for example, may carry a meta-
bolic liability requires that clinicians consider the meta-
bolic risks before starting therapy with these agents, as
well as conduct regular monitoring when patients do re-
quire these medications. It is most important that the treat-
ment needs of the individual patient guide treatment.

Drug names: aripiprazole (Abilify), clozapine (Clozaril, Fazaclo, and
others), olanzapine (Zyprexa), pravastatin (Pravachol).
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