
The condition known as the metabolic syndrome is
a constellation of risk factors for the development
of type 2 diabetes mellitus (DM) and coronary

heart disease (CHD). Many of these risk factors—in-
cluding abdominal obesity, atherogenic dyslipidemia,
hypertension, insulin resistance (with or without glu-
cose intolerance), and prothrombotic and proinflamma-
tory states—play an important role in the development
of this syndrome. These risk factors are commonly seen
in a particular subset of patients who, when the meta-
bolic syndrome is diagnosed, are at an even greater
risk for developing CHD when compared to people
who have only some or none of the risk factors. Be-
cause the metabolic syndrome consists of a number of
different conditions, a precise etiology for the syn-
drome remains elusive.1

A multitude of treatment options exist for the indi-
vidual components of the metabolic syndrome, and
many patients who have the syndrome will require mul-
tiple treatment modalities. With CHD being a leading
cause of death in the United States,2 the importance
and public health implications of the metabolic syn-
drome are unquestionable. Continued research is need-
ed to determine which medications are most effective
and to help in limiting the rate of polypharmacy in our
aging population. This article reviews the latest re-
search on the metabolic syndrome and provides sug-
gested interventions for affected patients based on the
currently available data.

The concept of the metabolic syndrome
In research studies, the term metabolic syndrome has
been synonymous with the terms syndrome X, insulin
resistance syndrome, and dysmetabolic syndrome. The
common findings of obesity, hypertension, hyperlipi-
demia, and DM were first described in the 1960s, and
the term metabolic syndrome was used first in the
1970s.1 Researchers have found atherosclerosis and
insulin resistance to be major underlying factors and
possible etiologies for the metabolic syndrome.1,3,4

Until the release, in 2001, of the Third Report of the
Adult Treatment Panel (ATP III) of the National Cho-
lesterol Education Program (NCEP),5 the definition and
guidelines for the metabolic syndrome generally fol-
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lowed a 1998 World Health Organization (WHO) report
(see “Diagnostic criteria for the metabolic syndrome,”
page 32). The WHO released this report in response to
the lack of current data supporting insulin resistance as
the cause of all components of the syndrome.5,6

In a study comparing the definitions set forth by
ATP III and the WHO report, the metabolic syndrome
was diagnosed in 23.9% of the participants using the
ATP III definition, compared to 25.1% when the WHO
definition was used.7 This difference has been attrib-
uted to the direct inclusion of people with insulin resis-
tance or as a result of the different criteria listed in the
WHO definition for diagnosing central obesity.

The purpose of the NCEP ATP III report was to
create a more simplistic approach for a diagnosis in
clinical practice, with characteristics such as measur-
ing only waist circumference to determine abdominal
adiposity. Measures of BP, cholesterol, and fasting
glucose are already standard in an office setting. All
of these factors permit the practitioner to evaluate,
diagnose, and treat metabolic syndrome more expedi-
tiously. 

Given the various comorbidities associated with the
metabolic syndrome, ATP III provides a guide by
stating that positive criteria for diagnosing the meta-
bolic syndrome include a previous diagnosis of hyper-
tension or DM, irrespective of current BP, glucose
levels, or medications the patient may be taking. Also,
prothrombotic and proinflammatory states, while not
part of the inclusion criteria for diagnosis, are risk fac-
tors for CHD and DM. These factors, when assessed,
contribute to a patient’s global risk for cardiovascular
disease (CVD).

The Framingham risk assessment tool—which is
available online at http://hin.nhlbi.nih.gov/atpiii/
calculator.asp?usertype=prof—was created to help
evaluate the global 10-year risk for MI and coronary
death. The categories in this scoring system include
age, total cholesterol, HDL cholesterol, systolic BP,
treatment for hypertension, and cigarette smoking.
The clinician evaluates the patient’s status for each of
the categories and assigns a point value. Then the sum
of the values for each category is determined, and the
patient is given a moderate, moderate-high, or high-
risk status for coronary heart disease. This helps clini-
cians define a patient’s current status and the level of
treatment needed. 

It is a common misconception that the diagnosis of
metabolic syndrome carries an automatic high-risk for
CVD.8 Only patients with a history of DM before the
diagnosis of metabolic syndrome are automatically
placed in the high-risk category. These persons are at
an increased risk for developing CHD within 10 years,
but it is important to evaluate other patients using the

Framingham risk assessment to determine the level of
treatment needed.

Other characteristics that have helped define the
risk for developing CHD have included body mass in-
dex (BMI), cigarette smoking, socioeconomic status,
and income. All of these factors are linked to an in-
creased prevalence of the metabolic syndrome but are
not considered criteria in the diagnosis.9

Understanding etiology
There is no clear consensus regarding the etiology or
pathophysiology of the metabolic syndrome. Research
has shown strong correlations between the syndrome
and both obesity and insulin resistance as the major
underlying components. Minor associations include hy-
pertension and inflammatory responses. Insulin resis-
tance causes abnormalities in cellular and metabolic
pathways that affect several organ systems. The inci-
dences of obesity, glucose intolerance, atherogenic dys-
lipidemia, hypertension, and a prothrombotic state are
higher in persons with the metabolic syndrome than in
the general population, but the etiology for this syn-
drome remains unknown.10-12

Increased adipose tissue and physical inactivity have
long been known to decrease HDL cholesterol levels
and increase LDL cholesterol and triglyceride levels,
increasing the risk for atherosclerosis and CHD.13

Studies now show that intra-abdominal (visceral) adi-
pose tissue, evaluated by CT scan, may play a more
important role than subcutaneous fat in the etiology of
insulin resistance and the metabolic syndrome.14-17

These results are important when applied to a patient
with dyslipidemia and relatively no peripheral or sub-
cutaneous fat. In other words, patients who are not
obese can still have the metabolic syndrome.

The association between visceral adipose tissue and
insulin resistance originated in a study that used the
hyperinsulinemic-euglycemic clamp to show that in-

KEY POINTS in this article

ä The metabolic syndrome is a conglomeration of
individual risk factors for the development of type 2
diabetes mellitus and coronary heart disease. 

ä These risks include high BP, dyslipidemia, in-
creased fasting glucose levels and an increase in cer-
tain adipose tissue known as visceral adiposity.
These risks usually occur together in a subset of pa-
tients.

ä The primary underlying components for the devel-
opment of this syndrome are increased visceral adi-
pose tissue and insulin resistance 

ä The cornerstone of treatment is weight manage-
ment and increased physical activity. 

www.jaapa.com JAAPA VOL.18, NO. 3  MARCH 2005 31



sulin resistance increases the amount of insulin secret-
ed. The glucose clamp is a technique that utilizes arter-
ial and venous catheters to maintain a constant blood
glucose level by perfusion or infusion of glucose or
insulin. Subsequent studies have shown that insulin
resistance will diminish and plasma insulin levels will
decrease when calorie restriction and physical activity
are used to reduce intra-abdominal fat.16,17 Thus, where
genetic predisposition was once thought to be the
cause of insulin resistance, visceral fat and physical in-
activity are now thought to play a key role as well.

Visceral adipocytes are generally larger than periph-
eral adipocytes and have been shown to release fatty
acids more readily.16 With an increase in adipose tissue,
nonesterified fatty acid levels in the bloodstream will
also rise. These fatty acids inundate the liver, causing
an increase in hepatic lipase activity. This creates an
atherogenic dyslipidemia characterized by a decrease
in HDL cholesterol and an increase in LDL cholesterol

and triglyceride levels.14,17-19 These fatty acids are also
transported into the portal vein and will be deposited
in muscle tissue. The lipotoxicity that develops at this
level will decrease glucose oxidation, inhibit glucose-
induced insulin secretion, and worsen insulin resist-
ance.16,20

In essence, when patients have excess adipose tis-
sue, particularly in the visceral fat distribution, they
will have elevated plasma fatty acid levels. As a result
of this excess, there will be a disruption in normal cell-
ular and vascular processes in a variety of different tis-
sues in the body. This effect predisposes patients to
insulin resistance and the metabolic syndrome, which
increases the risk of CHD.14

To counter the theory that body mass is the underly-
ing factor for the comorbidities associated with the
metabolic syndrome, a relationship has been shown to
exist between hyperinsulinemia and essential hyper-
tension, irrespective of body mass.21 One explanation is
that higher levels of insulin affect blood vessels by
causing direct vasodilation. To compensate, the sympa-
thetic nervous system is activated, resulting in vaso-
constriction, sodium absorption, and increased cardiac
output; the net effect is elevated BP.10,20 Untreated pa-
tients with primary hypertension exhibit higher levels
of plasma insulin compared to normotensive patients.
A genetic predisposition is often necessary for this
characteristic to occur, because offspring of these pa-
tients can have altered glucose metabolism and be nor-
motensive. Also, this effect of increased insulin and BP
is not seen in secondary hypertension.

Another link between the cofactors of the metabolic
syndrome was discovered after factor analysis of the
Cardiovascular Health Study. A subclinical inflamma-
tion shows a possible connection to the insulin resis-
tance syndrome through associations with body mass.22

Adipose tissue has been linked to an increase in levels
of tumor necrosis factor, protein kinase C, and inter-
leukin 6. These cytokines, principally found in the liver,
endothelium, and fat deposits, can derail the insulin-
signaling pathway.16,23 Combined with an increased
level of insulin, these cytokines can also increase the
production of plasminogen activator inhibitor-1 (PAI-
1), which is produced in the vascular endothelium.
When combined with plasminogen activator, PAI-1 will
increase clotting by decreasing fibrinolytic activity.
With increased clotting, endothelial function is disrupt-
ed, thus increasing the propensity for atherogenic
plaque formation and ultimately increasing morbidity
and mortality.

Stress has been said to induce the release of these
cytokines, creating the inflammatory response and re-
sulting in insulin resistance, type 2 DM, and the meta-
bolic syndrome.23 Treatment for this inflammation and

Metabolic syndrome  

32 JAAPA VOL.18, NO. 3  MARCH 2005 www.jaapa.com

Diagnostic criteria for the metabolic
syndrome
According to the National Cholesterol Education Pro-
gram’s Adult Treatment Panel III, persons who meet
three or more of the following five criteria have the
metabolic syndrome:1
• Abdominal obesity with a waist circumference

greater than 40 inches (102 cm) in men and 35 inch-
es (88 cm) in women

• Triglyceride levels of 150 mg/dL or higher
• HDL cholesterol levels of less than 40 mg/dL in men

and less than 50 mg/dL in women
• BP of 130/85 mm Hg or higher
• Fasting blood glucose of 110 mg/dL or higher*

The World Health Organization defines the metabolic
syndrome as diabetes mellitus, impaired glucose toler-
ance, impaired fasting glucose or insulin resistance,
plus two or more of the following:2
• BP of 160/90 mm Hg or higher
• Hyperlipidemia: triglyceride levels of 150 mg/dL or

higher and/or HDL cholesterol levels of less than 35
mg/dL in men or less than 39 mg/dL in women

• Central obesity: waist-to-hip ratio greater than 0.90
in men or greater than 0.85 in women, or a body
mass index greater than 30 kg/m2

• Microalbuminuria: urinary albumin excretion rate
greater than 20 mg/min or an albumin-to-creatinine
ratio greater than 20 mg/g. 

*The American Diabetes Association has lowered the threshold for
fasting blood glucose levels to 100 mg/dL. 

1. Third Report of the National Cholesterol Education Program (NCEP)
Expert Panel in Detection, Evaluation, And Treatment of High Blood
Cholesterol in Adults (Adult Treatment Panel III). Available at:
http://www.nhlbi.nih.gov/guidelines/cholesterol/atp3full.pdf.
Accessed February 2, 2005.

2. Ford ES, Giles WH. A comparison of the prevalence of the
metabolic syndrome using two proposed definitions. Diabetes
Care. 2003;26:575-581.



clotting disorder is aspirin, 81 to 325 mg daily, in pa-
tients with no contraindications.20 However insulin re-
sistance occurs, it will accelerate glucose intolerance
because of the constant stimulatory effects on the β-
cells of the pancreas. This will result in exhaustion and
a decrease in insulin production.

Epidemiology: Prevalence is growing 
Data compiled by the third National Health and Nutri-
tion Examination Survey (NHANES III), a cross-sec-
tional study of 40,000 men and women from 1988 to
1994, produced the most recent database characterizing
individuals based on their metabolic status. Re-
searchers have used this database to show that approxi-
mately 20% of Americans have the metabolic syndrome
as defined by ATP III. At the time of NHANES III,
most people in the United States with the metabolic
syndrome were older, obese, Mexican-American, or
black. Other characteristics that are common among
people with the metabolic syndrome are smoking, low
income, high-carbohydrate diet, and physical inactivity.
The incidence of the metabolic syndrome among men
and women is roughly equal at 22.8% and 22.6%, re-
spectively.6,9

Among Americans, the prevalence of metabolic syn-
drome increases with age. Roughly 6.7% of people aged
20 to 29 years and 44% of people aged 50 years and
older have the metabolic syndrome.1 When these per-
centages are applied to the 2000 US census numbers,
approximately 47 million people have the syndrome.20

The epidemic of obesity and DM among the US popula-
tion suggests that the prevalence of metabolic syn-
drome is higher now than it was when the NHANES
III data were compiled.

The NHANES data also indicate that people aged 50
years and older with the metabolic syndrome and DM
have the highest risk for CHD. Diabetes without the
metabolic syndrome is uncommon in persons older than
50. Participants in NHANES III without the metabolic
syndrome or DM had the lowest CHD prevalence at
8.7%, and those with DM and the syndrome had the
highest prevalence at 19.2%. People who had diabetes
without the metabolic syndrome did not have an incre-

mental increase in CHD when compared with persons
who had neither disorder.10

The NCEP, the American Diabetes Association, and
the Joint National Committee on Prevention, Detec-
tion, Evaluation, and Treatment of High Blood Pres-
sure (JNC 7) continue to reevaluate and revise cut-off
points for diagnosing dyslipidemias, hypertension, and
DM. As a result, the prevalence of the metabolic syn-
drome will most likely rise.

Diagnosing the metabolic syndrome 
Measuring for abdominal obesity is one of the most
effective ways to detect the metabolic syndrome, where
even borderline measurements ranging from 35 to 40
inches can carry an increase in concomitant atherogenic
factors. Studies have shown that BMI and waist cir-
cumference (or waist-to-hip) measurements yield simi-
lar results when obesity is a factor. Both measurements
correlate with an increased risk of heart disease.24

Because insulin resistance is an important predictor of
the metabolic syndrome, McAuley and colleagues have
compared different methods for assessing insulin resis-
tance, including fasting insulin levels, the homeostasis
model assessment, and the Galvin method.25 That study
demonstrated that fasting insulin and triglyceride levels
in a normoglycemic person can accurately predict insulin
resistance.25 Although measuring fasting glucose in an
outpatient setting has been the standard for evaluating
glucose tolerance and DM, determining plasma insulin
levels has been shown to be more accurate, although
more costly and less available in common medical set-
tings and laboratories. If measuring fasting insulin lev-
els becomes more common, this would allow the practi-
tioner to begin treatment before DM develops. 

Those blood tests could be one way to screen for the
metabolic syndrome in a patient who has some risk fac-
tors but does not have high fasting glucose levels. This
is critical because, by the time hyperglycemia develops
into diagnosable type 2 DM, over half of these patients
will have some form of microvascular and macrovascu-
lar disease—although many people with insulin resis-
tance may be euglycemic and never develop type 2
DM.20 Microalbuminuria, a marker for renal damage,
has been seen in nondiabetic patients with some degree
of insulin resistance.21

Another means of evaluating glucose intolerance and
insulin resistance is the 2-hour glucose tolerance test.
Generally speaking, the patient is considered to have
insulin resistance when the fasting insulin concentra-
tion is above 15 µU/mL in normoglycemic persons.

Therapeutic lifestyle change
Since the end results of the metabolic syndrome are DM
and CHD, intervention is needed to improve lipid levels,

According to ATP III, when 
drug therapy is necessary for 
dyslipidemia, LDL cholesterol 

is the primary target.
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BP, and glucose levels in affected persons (see Table 1).
The cornerstone of treatment of the metabolic syndrome
is therapeutic lifestyle change (TLC), which consists of
healthful eating, weight loss, and increased physical
activity (see “The components of therapeutic lifestyle
change,” page 35). The Finnish Diabetes Prevention
Study and the Diabetes Prevention Program showed
that TLC was successful in preventing type 2 DM and
the metabolic syndrome. Interventions consisted of de-
tailed advice about how to decrease saturated fat intake
and increase fiber intake, weight reduction of 5% to 7%
or more, increased physical activity, and sessions with a
nutritionist or case manager.26-28

Dyslipidemia
According to ATP III, when drug therapy is necessary
for dyslipidemia, LDL cholesterol is the primary tar-
get. Statins, nicotinic acid, or bile acid sequestrants
should be used to achieve the optimal levels of LDL
cholesterol based upon a risk assessment. Once the
goal for LDL cholesterol has been reached (less than
100 mg/dL for patients with CVD), attention should
move to other lipid abnormalities. ATP III suggests
using nicotinic acid or fibrates to lower triglyceride lev-
els and raise HDL cholesterol levels as necessary.

Statins The Long-Term Intervention with Pravas-
tatin in Ischemic Disease (LIPID) trial has shown that

statins lower LDL cholesterol levels and reduce the
incidence of mortality associated with CHD in patients
with known CVD.29 Using a statin alone has been
shown to decrease LDL cholesterol levels by 35% and
to decrease very low-density lipoprotein (VLDL) lev-
els by 39%.14 Statins also lower the incidence of MI or
stroke by more than 33% in patients with coronary
artery disease (CAD). The greatest impact was shown
in persons older than 75 years. 

The NCEP recommends an LDL level of less than
100 mg/dL in patients with CAD. Continuing a statin
after patients have achieved that goal has reduced car-
diovascular events by 25%.20 The Heart Protection
Study reported a reduction in cardiovascular morbidity
and mortality regardless of baseline LDL cholesterol.
Therefore, patients with an elevated risk for CVD
should be using a statin regardless of their LDL choles-
terol level.30

Nicotinic acid Results of the Coronary Drug Pro-
ject showed that niacin was the most effective agent in
reducing cholesterol levels and the incidence of nonfa-
tal MIs.31 In fact, niacin has been shown to be one of the
most successful pharmacologic agents in raising HDL
cholesterol levels and improving all lipid abnormalities,
including lowering LDL cholesterol and triglyceride
levels. Niacin lowers LDL levels more effectively than
a statin, although not quite as well as a bile acid se-
questrant. Hyperglycemia occurs in a modest number
of niacin users, and approximately 10% to 30% of pa-
tients with diabetes will require adjustments in their
hypoglycemic medications.32

Fibrates The Veterans Administration HDL Inter-
vention Trial (VA-HIT) found that gemfibrozil in-
creased HDL cholesterol levels and decreased tri-
glyceride levels by approximately 30%. This study also
demonstrated that gemfibrozil can reduce death from
CHD or nonfatal MI in patients who do not have high-
risk LDL cholesterol levels.33 The Diabetic Atheroscle-
rosis Intervention Study (DAIS) looked at the effects
of fenofibrate on persons with type 2 DM and also
reported increased HDL cholesterol and decreased
triglyceride levels. The progression of CAD was also
reduced in this cohort.34

Insulin resistance
The Diabetes Prevention Program showed success with
the use of metformin, which can counteract insulin
resistance by increasing insulin sensitivity and decreas-
ing hepatic glucose production. Metformin can also
delay or even prevent the development of type 2 DM.
These results were seen in men and women and in all
races.28

Thiazolidinediones will improve glucose uptake by
adipose tissue and skeletal muscle, leading to a de-
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Screening

Weight 

BP measurement

Waist circumference measurements for abdominal girth

Blood testing for fasting glucose levels and a lipid profile

Treatment

Therapeutic lifestyle changes 

Pharmacologic
• Dyslipidemia: LDL cholesterol levels should be cor-

rected first; use statins as first-line agents; nicotinic
acid and fibrates can also be used

• Insulin resistance: Use metformin or thiazolidine-
diones to improve insulin sensitivity

• Hypertension: Use an ACE inhibitor or angiotensin
receptor blocker to reduce BP and aid in the preven-
tion of diabetes

Note: Vital signs and abdominal girth should be measured at every
visit. The National Cholesterol Education Program recommends a
fasting lipid profile at age 20 and every 5 years thereafter. Patients
with lipid abnormalities may require more frequent measurements.
As youth obesity rates increase, screening measurements for
glucose and lipid abnormalities should be initiated early. 

TABLE 1

Screening and treatment for the 
metabolic syndrome 



crease in insulin secretion. The Troglitazone in the Pre-
vention of Diabetes (TRIPOD) study showed an arrest
in the decline of β-cell function in women with prior
gestational DM.35 The Diabetes Prevention Program
discontinued the arm of its study that included troglita-
zone in the prevention of type 2 DM due to the drug’s
hepatotoxicity.

The thiazolidinediones that are available in the Unit-
ed States, pioglitazone and rosiglitazone, have a place
in the prevention and treatment of insulin resistance
seen in the early stages of the metabolic syndrome.36

They may also help with the dyslipidemia associated
with metabolic syndrome. 

Hypertension
The ACE inhibitor ramipril has been shown to improve
BP and aid in the prevention of DM. The Heart Out-
come Prevention Evaluation (HOPE) study of 5,720
nondiabetic patients with vascular disease compared
ramipril to a placebo. Diabetes developed in approxi-
mately 3.6% of the ramipril group, compared to 5.4% of
the placebo group. The incidence of primary prevention
of DM was reduced by 34% with the use of ramipril in
the HOPE study.20,37 ACE inhibitors work by decreas-
ing the loss of potassium and improving blood flow to
the pancreas through vasodilation, which improves 
β-cell perfusion and functioning.38 They also increase
insulin-mediated glucose uptake by muscle. 

ACE inhibitors and angiotensin receptor blockers
(ARBs) are also renal protective. The RENAAL study
reported a 28% reduction in albuminuria in diabetic pa-
tients using losartan, compared to 4% reduction in
those using a placebo. Within the first 6 months, end-

stage renal disease was reduced by 45% each time
urine albumin levels dropped by 50%.39 Patients with
albuminuria in excess of 1 g/24h should use whatever
antihypertensive medication is necessary to reduce BP
to 130/85 mm Hg or lower. 

The United Kingdom Prospective Diabetes Study
(UKPDS) was one of the first to include diabetic pa-
tients in BP research. The results of this study showed
that BP control in persons with diabetes is just as im-
portant as control of their glucose levels. Tight control,
with a BP of less than 150/85 mm Hg, produced a better
outcome than did controlling BP to less than 200/105
mm Hg. Overall, this study reported that there was no
level of control with which a patient finds a maximum
benefit. The lower the glycohemoglobin (A1C) and the
tighter the control of BP, the lower the risk of end-
organ complications.40

JNC 7 also recommends the use of an ACE inhibitor
or ARB for BP control in patients with diabetes to help
reduce the incidence of microalbuminuria and diabetic
nephropathy.37 Diuretics and β-blockers have been
associated with a deterioration in glycemic control and
the development of type 2 DM, although many clinical
trials have shown both medications to be effective in
long-term treatment.

Conclusion
The metabolic syndrome is a constellation of common
risk factors for CHD, and patients with this syndrome
face a 2- to 3-fold increased risk of coronary disease.41

Taken individually, each component of the metabolic
syndrome has long been known to increase the risk of
atherosclerosis. Addressing the metabolic syndrome
successfully requires clinicians, first, to screen for the
presence of its various components; second, to help pa-
tients adopt strategies that address the root causes of
overweight and obesity, physical inactivity, and the
closely associated insulin resistance; and finally to treat
directly, usually with pharmacotherapy, as many of the
underlying metabolic risk factors as possible. nn
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