
This review provides an estimate of the relative risk
for CHD that can be attributed to the “metabolic syn-
drome.” It also summarizes the guidelines recently
released by the third Adult Treatment Panel (ATP) III3

on detection and treatment of the syndrome.

Metabolic syndrome
A desirable content of body fat for men ranges from

12% to 20% of total body weight. For women it ranges
from 20% to 30%. Accordingly, obesity is defined as a
body fat content >25% or >33% of total body weight in
men and women, respectively.4 This means that obesity
is characterized by excess fat weight; body mass index
(BMI) is used as an alternative measure of body fat. BMI
(calculated as weight in kilograms/height in meters
squared) has been used extensively in epidemiologic
studies to assess the relationship between fat weight
and mortality. The relationship has a U or J shape.1,2

Low BMIs are associated with high mortality rates, prin-
cipally from pulmonary and gastrointestinal diseases. In
contrast, high BMIs impart a high risk of mortality from
cardiovascular disease, diabetes mellitus, hypertension,
dyslipidemia, stroke, and cancer.1,2 High BMIs are also
associated with gallstone disease, sleep apnea, and
osteoarthritis.1,2 These conditions compromise signifi-
cantly a person’s quality of life and ability to work. For
this reason it is desirable to monitor BMI as part of the
routine clinical assessment of patients.

The term “metabolic syndrome” describes a cluster of
metabolic alterations associated with excess fat weight.
The typical abnormalities include impaired glucose tol-
erance, dyslipidemia, insulin resistance (hyperinsulin-
emia), hypertension, upper body obesity, coagulation
abnormalities, hyperurecemia, and polycystic ovary syn-
drome in women. To have a “metabolic syndrome,” an
individual must have excess fat weight and at least 2
comorbidities such as dyslipidemia and hypertension or
dyslipidemia and impaired fasting glucose.3 The excess
fat must be truncal rather than gynoid. Typical features
of the metabolic syndrome are summarized in Table I.

Impaired fasting glucose
An elevated fasting blood sugar or a high postprandial

glucose level 2 hours after ingestion of 75 g of glucose
(Table I) is a common feature of the metabolic syn-
drome. The levels of glucose are intermediate between
desirable ranges and the levels that define type 2 dia-

The prevalence of overweight and obesity has in-
creased significantly in the United States1 and world-
wide.2 In the United States alone, >97 million adults are
obese, and more than half the population is overweight.
The incidence of obesity is also increasing at alarming
rates in the pediatric population.1 At the turn of the
21st century, overweight and obesity have reached epi-
demic proportions.1,2 Both pediatric and adult popula-
tions are at increased risk of morbidity from chronic dis-
eases, and it is projected that the cost of treatment of
obesity-related diseases will increase proportionally.1,2

The impact of obesity-related diseases on medical care
and disability costs is a major concern. In 1995 it was
estimated that spending for the treatment of obesity
represented about 5.7% of the national health costs. The
total cost of obesity care was $99.2 billion; 51% of this
amount was devoted to medical costs associated with
diseases attributable to obesity. The highest cost associ-
ated with medical treatment of obesity was diabetes
mellitus ($32.4 billion), followed by coronary heart dis-
ease (CHD) ($7 billion). The prevalence of diabetes mel-
litus has increased by 33%, and CHD will likely follow
this trend. The health care community thus needs to
make major efforts to contain the epidemic of obesity
and overweight. For example, multiple risk factor man-
agement that includes weight control should be consid-
ered for patients with established CHD or conditions
with equivalent risk. For patients at risk for CHD, it is
necessary to establish programs of public education that
include lifestyle modification.

Because of the increased morbidity and mortality asso-
ciated with obesity, the condition has recently been
reclassified as a disease.1,2 The first stages of the disease
include metabolic changes; there are also neuroen-
docrine changes that worsen the metabolic balance. If
untreated, the disease progresses from asymptomatic
metabolic alterations to clinical manifestations of
chronic diseases such as hypertension, dyslipidemia,
and diabetes mellitus.
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betes mellitus. The role of impaired glucose in athero-
genesis remains unclear; however, a large body of data
supports the contention that prolonged elevation of
plasma glucose can induce alterations in plasma pro-
teins and lipoproteins. An example of such alterations
can be found in an increased concentration of glyco-
sylated hemoglobin. Some investigators suggest that
high blood glucose levels induce a nonenzymatic modi-
fication of plasma proteins and that the end products of
the reaction are called advanced glycosylated end prod-
ucts (AGE).5 These glycosylated proteins and lipopro-
teins may be involved in organ damage and in the
atherogenic process5; however, determining the role of
AGEs in atherosclerosis will require a prospective study
in humans that examines the relationship of AGEs and
CHD risk.

Dyslipidemia
The prevalent lipoprotein phenotype of the meta-

bolic syndrome includes moderate elevation of plasma
triglycerides and reduced high-density lipoprotein
(HDL) cholesterol levels.3 Levels of low-density lipopro-
tein (LDL) cholesterol are not markedly elevated in indi-
viduals with the metabolic syndrome (Table I). How-
ever, LDL has abnormal physicochemical properties. A
fraction of the LDL is typically “small” and “dense”
because it has a low content of total cholesterol. Conse-
quently, each component of dyslipidemia imparts a risk
for CHD as detailed below.

Triglyceride and CHD risk. Epidemiologic studies
show a linear association between levels of plasma
triglyceride and CHD risk.6 Increasing levels of plasma
triglyceride are often associated with accumulation of
remnant lipoproteins typically characterized by a high
ratio of cholesterol to triglyceride. The remnants con-

sist of partially lipolyzed very-low-density lipoprotein
(VLDL), intermediate-density lipoprotein (IDL), and
chylomicrons. These lipoproteins can induce foam cell
formation once they are internalized by “scavenger”
receptors located on the surface of macrophages.
Therefore elevation of remnant lipoproteins can be as
atherogenic as high levels of LDL.

Small, dense LDL and CHD risk. Normally VLDL is a
metabolic precursor of LDL. However, when VLDL rem-
nants accumulate in blood, fewer lipoproteins are con-
verted to LDL. This leads to lower LDL cholesterol lev-
els. In addition, remnants become precursors of small,
dense LDL through the action of hepatic lipase. The
enzyme seemingly mediates the formation of small,
dense LDL. There is an inverse relationship between
LDL size and hepatic lipase levels.7 Once formed, dense
LDL is more prone to oxidative damage than is buoyant
LDL. Oxidized LDL is taken up by macrophages once
the lipoproteins bind to “scavenger” receptors located
on the surface of macrophages. Excess influx of these
lipoproteins into macrophages also can lead to foam
cell formation and local inflammation. These processes
facilitate plaque formation.

A few methods have been developed to quantify rem-
nants and small, dense LDL. These are not currently
standardized as required for clinical practice but they
are likely to be fully developed in the near future. How-
ever, the total amount of small, dense LDL and remnant
cholesterol can be estimated by use of accepted meth-
ods of β-estimation or β-quantitation in which total cho-
lesterol and HDL cholesterol are measured. Accord-
ingly, for plasma triglycerides ranging between 200 to
499 mg/dL, the difference between total cholesterol
and HDL cholesterol levels is the sum of all atherogenic
lipoprotein cholesterol. This difference is designated

Parameter Metabolic syndrome range Desirable range

Impaired glucose tolerance
Fasting plasma glucose (mg/dL) ≥110 and <126 <110 
2-h Postprandial glucose (mg/dL) ≥140 and <200 <140

Dyslipidemia (mg/dL)
Triglycerides ≥150 <150
High-density lipoprotein cholesterol Men <40, women <50 Men >40, women >50
Low-density lipoprotein cholesterol* 100-159 ≤100*

Hypertension (mm Hg)
High normal 130-139/85-89 Optimal: <120/<80
Stages 1, 2, 3 ≥140/≥90-99 Normal: < 130/ < 85

Central obesity (waist circumference in cm [inches])
Men >102 (>40) ≤102 (≤40)
Women >88 (>35) ≤88 (≤35)

Fat weight (% of total weight)
Men >20 12-20
Women >30 20-30

*See Table IV for ATP III recommendations.

Table I. Biochemical and physical features of the metabolic syndrome*
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“non–HDL cholesterol,”3 and it represents VLDL plus
IDL plus LDL cholesterol. In cases of moderate eleva-
tions of plasma triglyceride such as the metabolic syn-
drome, non–HDL cholesterol levels are probably supe-
rior to LDL cholesterol levels for risk assessment. This,
of course, remains to be proved with certainty.

Low levels of HDL and CHD risk. Reduced levels of
HDL cholesterol impart a risk for CHD independently of
LDL and triglyceride levels.8 The risk is increased by the
presence of high levels of LDL or increased plasma
triglycerides. Therefore low HDL can be an independent
risk factor for CHD or it can worsen the risk in the pres-
ence of other risk factors. Assmann et al9 have shown
that low HDL cholesterol is associated with 2 different
risk categories. First, isolated low HDL has a relatively
low risk for CHD. In the Prospective Cardiovascular
Munster Study (PROCAM) population,9 isolated low HDL
represents the 1st decile of the HDL cholesterol distribu-
tion. This fraction of the population includes subjects
who have a low HDL cholesterol level as the only risk for
CHD. The second risk category is low HDL in association
with a cluster of risk factors. This subgroup is repre-
sented by the upper 10th decile of the HDL distribution
for the PROCAM population. In this subgroup, low HDL
has a risk that is increased by 2- to 3-fold above the risk
for isolated low HDL. The data suggest that a low HDL
cholesterol level in association with other risk factors for
CHD imparts a greater risk than does isolated low HDL
alone; therefore low HDL levels should be treated to
reduce CHD risk.

A low level of HDL appears to be a persistent
lipoprotein phenotype of the metabolic syndrome
(Table I). In contrast, serum triglyceride varies widely;
it has a greater coefficient of physiologic variation
than does HDL. A low level of HDL cholesterol has
been previously defined as <35 mg/dL.10 Recently, the
definition was extended to HDL <40 mg/dL.3 In the
PROCAM study, the incidence of CHD was 3 times
greater in men who had HDL cholesterol levels <40
mg/dL compared with men with HDL cholesterol lev-
els ≥49 mg/dL.9 Still, low HDL cholesterol and the
clustering of other risk factors were prevalent in men
with HDL cholesterol levels <35 mg/dL. The risk for
CHD also was increased significantly. In addition,
there are sex differences in levels of HDL cholesterol
that should be considered in the definition of a low
HDL. An indication of an abnormal HDL in women
may be <50 mg/dL.3 This area is another that needs
more investigation.

Low levels of HDL cholesterol result from increased
levels of hepatic lipase,11 decreased production of
apolipoprotein A-I,12 deficiency of apolipoprotein C-
III,13 deficiency of the ABC-1 cassette,14 reduced levels
of lipoprotein lipase, or increased numbers of VLDL
particles that lead to enhanced activity of cholesterol
ester transfer protein.15 In the metabolic syndrome, it is

very likely that increased hepatic lipase and reduced
synthesis of apolipoprotein A-I account for persistently
low levels of HDL cholesterol.

The role of low HDL in atherosclerosis is not well
understood. Normally, HDL has a function in the cellu-
lar efflux of cholesterol that is part of its function in
“reverse cholesterol transport.” HDL also may play a
significant role as an antioxidant and as an anti-inflam-
matory agent. If these functions pertain to HDL, a low
HDL in the metabolic syndrome could be proathero-
genic. Few HDL particles would be available for reverse
cholesterol transport or for protection against oxidative
damage of remnants and LDL lipoproteins.

Hypertension and CHD risk
Subjects with the metabolic syndrome are likely to

have high blood pressure (BP) (Table I). A desirable BP
is <120/<80 mm Hg. That this is a desirable range is
partially supported by the results of the Hypertension
Optimal Treatment (HOT) Study,16 which involved
18,000 subjects with hypertension who were treated to
3 targets of diastolic BP. The study showed that sub-
jects reaching a goal of 83 mm Hg had the lowest inci-
dence of cardiovascular events. Among patients with
diabetes mellitus recruited for the study, it was shown
that those attaining a diastolic BP <80 mm Hg had a
51% reduction in cardiovascular events.

A number of epidemiologic studies show that hyper-
tension is associated with risk factors such as dyslipi-
demia and central obesity.17 It is still unclear how excess
body weight leads to hypertension. However, hyperten-
sion and dyslipidemia are associated with stroke or tran-
sient ischemic attacks, and hypertension in the presence
of diabetes mellitus leads to nephropathy. In individuals
≥60 years old, hypertension is associated with peripheral
arterial disease. Moreover, a combination of hyperten-
sion and smoking leads to heart disease.

It is possible that elevated BP may be responsible for
organ damage. Hypertension in the presence of dyslipi-
demia most likely leads to increased filtration of small
lipoproteins across the capillaries. If so, this would
result in an increased concentration of atherogenic
lipoproteins in the interstitial fluid. In turn, this would
lead to increased deposition of cholesterol in the artery
wall and in macrophages. However, more work needs
to be done to determine the mechanisms of atheroscle-
rosis during hypertension.

Central obesity and excess fat weight
Excess fat weight is a requirement for the metabolic

syndrome (Table I). Abdominal obesity precipitates dys-
lipidemia, hypertension, or high fasting blood sugar lev-
els. The current guidelines on obesity1 define over-
weight as a BMI of 25 to 29.9 kg/m2 and obesity as a
BMI ≥30 kg/m2. However, a criterion for fat weight
based on percent of total weight has been included in
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the current review as an index of the metabolic syn-
drome (Table I). BMI is a practical tool for assessment of
fat weight, but it must be recognized that this instrument
has limitations. A direct assessment of fat weight may be
a more sensitive indicator of excess fat weight than is
BMI, particularly in populations at high risk for CHD.

Waist circumference is used to estimate abdominal fat
content, and a large circumference is typical of the
metabolic syndrome (Table I). Waist circumference cor-
relates with abdominal fat content (visceral and subcu-
taneous). This type of fat distribution is associated with
a high risk for CHD. However, more sensitive indicators
of central obesity than a waist circumference measure
are still needed; biochemical markers of increased
abdominal obesity would be preferable to the measure
of waist circumference.

Prevalence of risk factors for CHD in
overweight and obese subjects

The National Heart, Lung, and Blood Institute and the
World Health Organization have introduced a weight
classification for BMI. According to their classification,
a normal weight range is a BMI of 18.5 to 24.9 kg/m2,
overweight ranges from 25.0 to 29.9, and obesity is a
BMI ≥30 kg/m2. There are 3 classes of obesity—class 1:
30.0 to 34.9, class 2: 35.0 to 39.9, and class 3 > 40
kg/m2. Recently, Must et al18 used data from the third
National Health and Nutrition Examination Survey
(NHANES III) to determine the prevalence of comor-
bidities associated with obesity (Table II). These
authors observed a strong association between excess
fat and type 2 diabetes mellitus or hypertension.18 The
prevalence ratios of these 2 comorbidities is notewor-
thy, given that overweight is prevalent in the United
States. The study also showed that the frequency of
having 2 or more diseases increased with increasing
weight, regardless of sex or ethnicity.18

CHD risk imparted by the metabolic
syndrome

Algorithms for estimation of CHD risk have been
developed from longitudinal trials such as the Framing-

ham Heart Study19 and the PROCAM study.20 The Fram-
ingham risk factor assessment includes age, total or LDL
cholesterol, HDL cholesterol, BP, and the presence or
absence of type 2 diabetes mellitus or smoking. CHD
risk estimation is sex specific.19 The PROCAM algo-
rithm includes age, LDL cholesterol, HDL cholesterol,
triglycerides, smoking, type 2 diabetes mellitus, and
family history of CHD.20 The equation is predictive of
CHD risk in men.

An estimate of the risk for CHD can be made by use
of the algorithm developed from the Framingham Heart
Study.19 To estimate CHD risk, a score sheet has been
developed19; this score sheet was used in the current
review to construct a plot of 10-year risk for CHD for
the “metabolic syndrome” in men at an age range of 30
to 74 years (Figure 1). The score was calculated for an
LDL in the range of 100 to 159 mg/dL, an HDL <40
mg/dL, a BP ranging from 140 to 159/90 to 99 mm Hg,
either a positive or negative history of smoking, and no
history of type 2 diabetes mellitus. These criteria are
typical of the metabolic syndrome (Table I). The risk
for CHD for an individual with the metabolic syndrome
is compared with the low risk for CHD calculated for a
person of the same age who has a BP in the range of
<120/80 mm Hg, an LDL cholesterol in the range of 100
to 129 mg/dL, and an HDL cholesterol >45 mg/dL for
men or 55 mg/dL for women, as detailed by Wilson et
al.19 The 10-year risk associated with aging alone ranges
from 3% to 14% over a 44-year life span (low-risk pro-
file, Figure 1, curve C). In contrast, the 10-year risk for
CHD for the metabolic syndrome starts at 11% to 47%
for smokers over the same life span (Figure 1, curve A).
That is, the risk is greatly increased because smoking
contributes significantly to overall risk. If smoking is
not part of the risk score for the metabolic syndrome,
then the risk is still much higher than is the low-risk
profile (Figure 1, curve B).

Recently, ATP III introduced a new version of the
Framingham score sheet for risk assessment.3 With use
of the new score table, risk for the metabolic syndrome
differs in absolute value compared with the original
Framingham score table (Figure 1, B, curves B vs D).
Curve D represents the estimated risk for the metabolic
syndrome according to the revised Framingham score.

Type 2 diabetes High total serum 
BMI (kg/m2) CHD mellitus cholesterol High BP

18.5-24.9 8.84 2.03 26.63 23.47
25.0-29.9 9.6 4.93 35.68 34.16
30.0-34.9 16.01 10.1 39.17 48.95
35.0-39.9 10.21 12.3 34.01 65.48
≥40 13.97 10.65 35.63 64.53

Percent of men = 6987.

Table II. Prevalence of risk factors in men from the NHANES III study according to BMI classification18
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The difference between curves B and D results from
the subtraction of the baseline risk for aging alone (Fig-
ure 1, B). That is, the estimated 10-year risk is adjusted
for baseline risk associated with aging.

Both versions of the Framingham score sheets for risk
assessment of the metabolic syndrome are limited
because neither algorithm includes fat weight, triglyc-
erides, or glucose in the scoring system. Similarly, the
PROCAM risk assessment is not directly applicable to
the metabolic syndrome because it does not take into
account fat weight or glucose. In addition, neither algo-
rithm (Framingham or PROCAM) weighs the clustering
of 2 or more risk factors. Grundy et al21 have addressed
this limitation in a recent review, and Wilson et al22

recently examined the “clustering of metabolic factors”
and CHD risk (Table III). These authors defined meta-

bolic risk factors in terms of quintiles for their distribu-
tion. The factors included the lowest sex-specific quin-
tile for HDL cholesterol and the highest quintiles for
BMI, systolic BP, triglycerides, glucose, and serum cho-
lesterol. Data were based on a prospective community
sample of 2569 women and 2406 men, ranging from 18
to 74 years of age. Clusters of 3 or more risk factors
were associated with 2.39 and 5.90 times greater CHD
risk in men and women, respectively (Table III). In the
same study it was noted that an increase of 2.25 kg in
weight over a 16-year period markedly increased the
risk factor sum in men and women.

Isomma et al23 have also examined the morbidity and
mortality associated with the metabolic syndrome in
persons in Finland. The study showed that cardiovascu-
lar mortality was greatly increased in individuals with

Figure 1

Plot of age versus estimated 10-year risk for CHD in the metabolic syndrome. A, Framingham scoring scheme
1,19 curves A, B, and C. B, Framingham scoring scheme 1 (curve B) compared with scheme 23 (curve D). Curve
A, Metabolic syndrome plus smoking; curve B, metabolic syndrome minus smoking; curve C, risk from aging
alone in a nonsmoking population; curve D, metabolic syndrome minus smoking according to Framingham scor-
ing scheme 2.3

A

B
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the metabolic syndrome (12.0% vs 2.2%, P < .001). The
single most important marker of risk in those in the
Finnish population who have the metabolic syndrome
was microalbuminuria (relative risk 2.8, P = .002).
Clearly, more work is needed to define an algorithm for
CHD risk assessment of the metabolic syndrome that
can be used in a clinical setting. The algorithm should
be sex and age specific and should be extended to chil-
dren by at least including coefficients for patterns of
BMI, HDL cholesterol levels, or other risk factors within
families.

Putative role of nonesterified fatty
acids in the metabolic syndrome

An excess fat weight is associated with increased
release of nonesterified fatty acids (NEFAs) from the
adipose tissue.4 Increased serum levels of NEFAs are
likely an integral component of the metabolic syn-
drome. Still, the association of NEFAs with risk for
CHD is not well documented. In recent years more
attention has been given to the role of NEFAs in the
etiology of type 2 diabetes mellitus. A view has
emerged that dysregulation of NEFA release by the adi-
pose tissue, particularly abdominal adipose tissue,
induces steatosis (Figure 2). The hypothesis is that
with increasing fat weight abdominal adipose tissue
becomes less sensitive to the regulation of NEFA
release by insulin. This insulin insensitivity leads to
increased serum levels of NEFA and increased uptake
of NEFA by the liver, skeletal muscle, and pancreas
(Figure 2). Normally NEFAs entering these organs are
channeled to the mitochondria for oxidation. How-
ever, it has become apparent that in type 2 diabetes
mellitus and perhaps in the prediabetic state NEFAs are
channeled to triglyceride synthesis rather than to oxi-
dation. The result is an increased concentration of
triglyceride within organs that have low capacity for
storage or release of triglyceride. The accumulation of
triglyceride leads to steatosis (Figure 2). Evidence sup-

porting this contention has been obtained in animal
studies24 but its relevance to human disease remains to
be demonstrated. However, if NEFA dysregulation is a
“typical” feature of the metabolic syndrome, it will be
necessary to determine its relative contribution to the
clustering of metabolic factors. In addition, appropriate
therapies targeted to regulation of NEFA metabolism
will also be necessary.

Risk factor sum Prevalence (%) CHD events (%) Relative risk (95% CI)

Men (n = 2406)
0 33 18 1 (referent)
1 29 27 1.54 (1.01-2.35)
2 19 25 2.02 (1.31-3.12)

≥3 18 30 2.39 (1.56-3.66)
Women (n = 2569)

0 32 9 1 (referent)
1 30 13 1.21 (0.45-3.23)
2 19 23 2.89 (1.17-7.13)

≥3 19 56 5.90 (2.54-13.73)

Table III. Age-adjusted risk factor sum and 16-year CHD risk22

Figure 2

Metabolic scheme showing the relationship of truncal fat to
steatosis. Increased abdominal adipose tissue leads to
increased influx of nonesterified fatty acid (NEFA) into pan-
creas, muscle, liver, and kidney. Accumulation of triglyceride
occurs, most likely as a result of reduced NEFA oxidation.
Steatosis causes beta cell dysfunction in the pancreas and
abnormal glucose metabolism in liver, muscle, and kidney.
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Summary of ATP III guidelines for the
treatment of the metabolic
syndrome

ATP III3 included the metabolic syndrome as a sec-
ondary target of risk reduction therapy along with treat-
ment of LDL cholesterol. The goal of treatment for LDL
cholesterol varies according to the severity of risk fac-
tors for CHD. Table IV summarizes the ATP III recom-
mendations on treatment for the metabolic syndrome.
Persons with the metabolic syndrome are considered
candidates for intensified therapeutic lifestyle changes.
The centerpiece of treatment is LDL cholesterol. The
goals of LDL treatment depend on the severity of risk
(Table IV). Accordingly, subjects with established CHD
or CHD equivalence may begin drug therapy in con-
junction with lifestyle modification. The second priority
of treatment is weight reduction along with institution of
moderate physical activity (Table IV); nonlipid risk fac-
tors such as hypertension should show improvement
and should be monitored progressively during treatment.
Finally, treatment of elevated triglycerides and low HDL
can be addressed to improve the lipoprotein profile as
needed. ATP III introduced a goal of cholesterol treat-
ment for subjects with triglycerides ranging between 200
to 499 mg/dL (Table IV). The goal of treatment is based
on non–HDL cholesterol levels for each of the 3 cate-
gories of CHD risk (Table IV). Non–HDL cholesterol is
the sum of VLDL + IDL + LDL cholesterol. As triglyc-
erides increase, levels of VLDL and IDL cholesterol
increase. These lipoproteins are as atherogenic as is LDL;
for this reason non–HDL cholesterol is a reasonable
index of all atherogenic lipoproteins.

The goal of treatment for low HDL was not defined in
ATP III because data on which to base recommenda-
tions were insufficient. However, low HDL cholesterol

is a risk factor for CHD, especially in association with
other risk factors, as was demonstrated in the Framing-
ham and the PROCAM studies. Treatment options
include lifestyle modification and drugs such as niacin.
Treatment of isolated low HDL or low HDL in the pres-
ence of the metabolic syndrome requires individual
assessment of the patient and his or her clinical history.
However, ATP III has recommended therapeutic
lifestyle changes in persons whose levels of triglyceride
are elevated and whose HDL cholesterol is low.

Prioritizing risk factor management
during treatment of the metabolic
syndrome

Because persons with the metabolic syndrome have a
cluster of risk factors, it is interesting to speculate
about how the treatment of these risk factors should be
prioritized. For example, for individuals with a 10-year
risk of >20%, instituting therapeutic lifestyle modifica-
tion and pharmacotherapy for dyslipidemia may be the
first priority. The target of treatment for dyslipidemia
may be non–HDL cholesterol because most persons
with the metabolic syndrome have serum triglycerides
between 200 and 499 mg/dL. The goal of treatment for
non–HDL cholesterol is to achieve a level of <130
mg/dL. For patients with a 10-year risk ranging from
10% to 20%, the goal of treating non–HDL cholesterol is
to achieve a level <160 mg/dL. How best to achieve
these goals is another question to consider. Physical
activity and diet modification are indicated for long-
term treatment of the metabolic syndrome. However,
therapeutic lifestyle changes require patient education
and commitment, and the treatment will probably
require a stepwise approach. Emphasis on physical

Goal

Treat LDL cholesterol first
CHD* and CHD risk equivalent (10-y risk for CHD >20%) <100 mg/dL
Multiple (2+) risk factors and 10-y risk ≤20% <130 mg/dL

Institute weight control –10% from baseline‡§
Institute physical activity 30 to 45 min/d for 3 to 5 d/wk§
Monitor treatment of hypertension <130/85 mm Hg
Treat elevated triglycerides and low HDL cholesterol†

Goal of non–HDL� cholesterol for patients with triglycerides High CHD risk: <130 mg/dL
≥200 mg/dL and ≤499 mg/dL Intermediate CHD risk: <160 mg/dL

Low CHD risk: <190 mg/dL

*CHD: ATP III recommends monitoring compliance to aspirin intake by patients with CHD.
†HDL cholesterol: ATP III does not specify goals of treatment for HDL cholesterol because data available at the time of the release of ATP III were insufficient to specify a goal of
therapy.
‡If the weight goal is achieved, additional weight loss can be attempted if indicated after clinical evaluation.
§Recommendations from Clinical Guidelines for Overweight and Obesity1 and cited in the ATP III executive summary.3
�Non–HDL cholesterol = VLDL + IDL + LDL cholesterol.

Table IV. ATP III guidelines for treatment of the metabolic syndrome
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activity may be a reasonable first step. Physical activity
should promote a gradual weight loss; it also will likely
have an effect on serum triglycerides, HDL cholesterol,
and glucose. Pharmacotherapy of dyslipidemia is also
indicated in this high-risk group of subjects. Statins are
probably more appropriate than are bile acid seques-
trants for this patient population because the latter
increase hepatic secretion of VLDL and are likely to in-
crease the serum triglyceride level. Also, statins lower
LDL cholesterol and its precursors effectively. Most
statins produce a modest increase in HDL cholesterol;
however, statins are specific for LDL reduction as the
main mechanism of action. Therefore it is likely that
the preferred drug treatment may be a combination of a
statin and nicotinic acid or fibrate, in contrast to very
high doses of statins. Careful assessment of the patient
is required before a physician institutes polypharmacy
and decides the particular drug combinations to be
used. Lipid specialists should probably institute treat-
ment and determine the precise titration of drug regi-
mens.

The rationale for polypharmacy as opposed to
monotherapy is to target the metabolic pathways
affected by excess fat weight. Nicotinic acid may be
considered because it reduces NEFA release from adi-
pose tissue; it reduces hepatic secretion of VLDL and
increases HDL better than do the hypolipidemic drugs
currently available. The immediate-release and
extended-release forms of the drug seemingly have a
relatively safe profile when used in combination with
statins. The concern with this drug is its potential for
increasing basal glucose levels. However, low doses of
niacin can be considered for treatment. Fibrates effec-
tively reduce triglycerides and have other highly desir-
able mechanisms of action that include regulating the
expression of genes such as lipoprotein lipase and
apolipoprotein C-III and regulating fatty acid oxidation.
Fibrate monotherapy has been shown to reduce the
risk of CHD in persons whose characteristics fit the cri-
teria of the metabolic syndrome. Unfortunately, fibrates
in combination with statins require that patients be
carefully monitored for possible myositis.

For patients with a low 10-year risk, therapeutic
lifestyle modification may be the first indication, and
the target of treatment may be to reduce waist circum-
ference. Treatment of metabolic abnormalities in these
patients may be prioritized according to the clinical
presentation of the individual. However, the lipopro-
tein phenotype should also be a focus of treatment, and
the goal of treatment is a non–HDL cholesterol level
<190 mg/dL.

Conclusion
This review has summarized typical features of the

metabolic syndrome and presented estimates regarding

the relative risk for CHD in persons with this syndrome.
It is important to note that systematic work is still
required to develop algorithms specific for risk assess-
ment with respect to the metabolic syndrome. Wilson et
al22 have made a step in this direction by developing an
algorithm that includes traditional risk factors and BMI,
insulin, and glucose levels, but algorithms specific to the
metabolic syndrome are still needed. These new risk
equations must also be tested for specificity and sensitiv-
ity in a variety of populations with the metabolic syn-
drome. Studies that measure fat weight by dual-energy x-
ray absorptiometry or other direct methods of fat weight
quantitation are preferred to those that use BMI as an
alternative measure of fat weight.

This review has also presented evidence that indi-
cates the prevalence of the metabolic syndrome; this
evidence points to new areas that require investiga-
tion because they may be important to the etiology of
the syndrome and the rationale for its treatment. A
summary of the ATP III recommendations concerning
the diagnosis and management of the metabolic syn-
drome has been given, and the ranking of risk factors
in the treatment of this condition have been dis-
cussed. It is hoped that this brief review will help
physicians to advance their understanding of the
metabolic syndrome and assist them in their assess-
ment of therapeutic strategies for patients with this
complex disorder.
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