The Metabolic Syndrome: An Emerging
Health Epidemic in Women

Suzanne R. Steinbaum

The metabolic syndrome is a compilation of factors
characterized by insulin resistance and the identi-
fication of 3 of the 5 criteria of abdominal obesity,
elevated triglycerides, decreased high-density li-
poprotein (HDL) level, elevated blood pressure, and
elevated fasting plasma glucose. According to cen-
sus data from 2000, these criteria have lead to the
diagnosis of approximately 47 million Americans
with the metabolic syndrome, correlating with the
61% increase in the incidence of obesity between
1991 and 2000.

Insulin resistance occurs when target tissues
cannot respond properly to normal concentrations
of insulin. The results are hypercoagulability, endo-
thelial dysfunction, inflammation, and eventually
coronary artery disease.

Treatment involves lifestyle modification, includ-
ing diet and exercise, to treat obesity and prevent
the development of diabetes. Patients who meet
the criteria for the metabolic syndrome may also be
treated with insulin-sparing and insulin-sensitizing
medications that help to improve endothelial func-
tion, vascular reactivity, and vascular inflammation.
Ultimately, treatment goals are to prevent cardio-
vascular disease by both altering the risk factors
that are components of the syndrome, and treating
the lifestyle issues inherent to the disease process,
such as caloric restriction and increased physical
activity.

There are 2 million more women than men in the
United States categorized as being obese, with the
trend of obesity and diabetes increasing. In the last
decade there has been a 74% increase in obesity,
mostly in women. This epidemic needs to be un-
derstood and managed to prevent further morbidity
and mortality owing to diabetes and cardiovascular
disease.
© 2004 Elsevier Inc. All rights reserved.

he metabolic syndrome is a compilation of
factors characterized by insulin resistance
combined with other risk factors associated with

coronary artery disease. These risk factors include
those outlined by The Third Report of the Na-
tional Cholesterol Education Program Expert
Panel on Detection, Evaluation, and Treatment of
High Blood Cholesterol in Adults (ATPIII) guide-
lines, such as hypertension, obesity, hypertriglyc-
eridemia, and low high-density lipoprotein (HDL)
cholesterol. The metabolic syndrome is the iden-
tification of 3 of the following 5 risk factors: ab-
dominal obesity, elevated triglycerides (>150 mg/
dL), decreased HDL levels (<40 mg/dL in men
and <50 mg/dL in women), elevated blood pres-
sure (>130/85), and elevated fasting plasma glu-
cose levels (>110 mg/dL). According to census
data from 2000, these criteria have led to the di-
agnosis of approximately 47 million Americans
with the metabolic syndrome, correlating with the
61% increase in the incidence of obesity between
1991 and 2000.12

The Centers for Disease Control and Preven-
tion (CDC) performed a study based on surveys
conducted with 195,005 adults by telephone.
These telephone surveys indicated that 21 million
men and 23 million women living in the United
States are obese. There has been an increase in the
prevalence of obesity among U.S. adults from
19.8% in 2000 to 20.9% in 2001. In turn, the
prevalence of diabetes has also increased. This
trend of obesity has increased by at least 74% in
the last decade; more women than men have this
condition.? Obesity has been clearly linked to car-
diovascular disease and is becoming an alarming
public health issue. The distinction has been made
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between overweight, with a body mass index
(BMI) of greater than 25, and obesity, with a BMI
of greater than 30. Obesity kills approximately
300,000 Americans per year, with an estimated
expense of $117 billion each year.# The increased
incidence of type 2 diabetes is not only explained
by the increase in obesity, but also by the increase
in sedentary lifestyle. Lifestyle issues besides obe-
sity and a sedentary lifestyle include a diet of
which greater than 60% of the total caloric intake
are carbohydrates, and has been demonstrated to
be another reversible contributor to the metabolic
syndrome. These lifestyle trends translate to a
greater percentage of people exhibiting the com-
plications associated with these multiple risk fac-
tors, such as coronary artery disease.

Data from the Third National Health and Nutri-
tion Examination Survey (NHANES III) from
1988 to 1994 define the metabolic syndrome. The
metabolic syndrome, through that study, is de-
fined as having 3 or more of the following criteria:
abdominal obesity, hypertriglyceridemia, low
HDL cholesterol, high blood pressure, and high
fasting glucose. Based on data from the 8814 par-
ticipants, it is approximated that roughly 22% of
U.S. adults have the metabolic syndrome. This
increases with age, with the age-adjusted preva-
lence being 6.7% for those 20 to 29 years old, and
42% for those 60 to 69 years old. Among African
Americans, women have a 57% higher prevalence
than men.!

The Framingham study also provides data re-
garding the population at risk for cardiovascular
disease, including diabetes and obesity. With the
growing incidence of both these risk factors, the
role of the metabolic syndrome in the develop-
ment of cardiovascular disease becomes a public
health concern.® The ATPIII is the first report to
detail the metabolic syndrome, including the def-
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Fig 1. Typical clinical course
of type 2 diabetes including
the progression of glycemia
and the development of
complications and the usual
sequence of interventions.
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inition and its implications for coronary disease.
These initial data, collected between 1988 and
1994, do not reflect this increasing incidence of
obesity, and allow one to only speculate the cur-
rent growth in the prevalence of this disease clus-
ter.”:8

In 2001, the National Cholesterol Education
Program (Adult Treatment Panel III) included
into the guidelines type 2 diabetes as a cardiovas-
cular risk equivalent. Patients with type 2 diabetes
have a 2- to 5-fold greater risk of developing car-
diovascular disease, and essentially 75% of these
patients will die of some form of cardiovascular
event. Manifestations of diabetes actually precede
the diagnosis and the diabetes itself, and may in
fact begin with subdiabetic levels of hyperglyce-
mia early in the disease process. It has been shown
that there is a delay of 4 to 7 years in diagnosing
type 2 diabetes, which leads to approximately 20%
of these patients already having a microvascular or
neurologic manifestation by the time of diagnosis
(Figure 1).° Macrovascular complications, such as
coronary artery disease, account for 80% of the
mortality in patients with type 2 diabetes.? Statis-
tics from the American Diabetes Association from
1993 revealed that 4 out of 5 patients with coro-
nary artery disease will die of cardiovascular
causes and have a significantly worse prognosis
than those patients without diabetes.!!'! Insulin
resistance, a prediabetic state, is associated with
many of the factors that are also implicated in the
development of atherosclerosis such as hyperten-
sion, sedentary lifestyle, obesity, left ventricular
hypertrophy, dyslipidemia, and impaired fibrino-
lysis. All of these factors are both associated with
the metabolic syndrome and with the develop-
ment of atherosclerosis, and subsequent cardio-
vascular events.'>!3 Glucose intolerance and in-
sulin resistance have become important in the
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treatment goals of preventing development to di-
abetes and further cardiovascular incidents.

Treatment involves lifestyle modification, in-
cluding diet and exercise to treat obesity and pre-
vent the development to diabetes. Patients who
meet the criteria for the metabolic syndrome may
also be treated with insulin-sparing and insulin-
sensitizing medications, which help to improve
endothelial function, vascular reactivity, and vas-
cular inflammation. Ultimately, treatment goals
are to prevent cardiovascular disease by both al-
tering the risk factors that are components of the
syndrome, and treating the lifestyle issues inher-
ent to the disease process, such as caloric restric-
tion and increased physical activity.!*

Pathophysiology

Impaired glucose tolerance arises from 2 possible
defects: either impaired insulin action on the tar-
get cells, or impaired B-cell function leading to
decreased insulin secretion. Insulin resistance oc-
curs when target tissues cannot respond properly
to normal concentrations of insulin. Initially, as
the cells fail to respond, pancreatic B-cells secrete
increased amounts of insulin. As insulin resis-
tance worsens, insulin secretion continues to in-
crease. Insulin resistance, along with overproduc-
tion of glucose by the liver, impaired peripheral
glucose utilization, and increased lipolysis leading
to elevated free fatty acids are all hallmarks of the
insulin resistance found in the metabolic syn-
drome.2 In time, the B-cells are unable to maintain
high rates of insulin secretion. Then, there is an
increase in hepatic glucose output in both the
fasting and postprandial states, and the develop-
ment of decreased glucose absorption. This pro-
cess eventually leads to type 2 diabetes. Insulin
resistance may be demonstrated within families,
and in fact, may be present in patients with normal
glucose tolerance who are relatives of patients
with type 2 diabetes.? Abnormal fatty acid metab-
olism, with an increase in abdominal adiposity,
leads to an increase in glucose production. The
visceral adipose tissue is insensitive to the actions
of insulin, and therefore undergoes lipolysis, lead-
ing to the development of free fatty acids. In the
liver, free fatty acids increase glucose production
and form triglycerides. Impaired glucose tol-
erance, hyperinsulinemia, hypertriglyceridemia,
and visceral adiposity are components of the met-
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abolic syndrome, which ultimately become part of
what is implicated in the development of coronary
disease.

The proposed mechanism of hyperinsulinemia
in association with cardiovascular disease has po-
tentially been due to an increase in the hyperco-
agulable state, and the effect of insulin on throm-
bosis. With impaired glucose tolerance and
hyperinsulinemia, there is impaired fibrinolysis,
as seen with elevated levels of plasminogen acti-
vator inhibitor-1 antigen (PAI-1) and tissue plas-
minogen activator antigen (t-PA).'> PAI-1 pre-
vents clot dissolution by inhibiting actions of
t-PA. In general, it has been shown that, in fact,
women have a greater fibrinolytic potential than
men, but with the development of insulin-resis-
tant diabetes, this fibrinolytic potential is signifi-
cantly reduced.'® Many studies have demon-
strated that in patients with elevated insulin levels
and normal glucose tolerance, as in the metabolic
syndrome, these factors were elevated. In addi-
tion, these factors have been implicated in increas-
ing the risk for CAD, even in patients who are not
diabetic.!7-18 In fact, elevated markers of impaired
hemostasis have been shown to precede an acute
infarction.'*-2! The conclusion is that the acute
thrombosis that occurs with glucose intolerance
and insulin resistance is due to ineffective fibrino-
lysis because of the increased levels of PAI-1 and
t-PA.

The Framingham Offspring Study conducted
between January 1991 and June 1995 stratified
1331 men and 1631 women by glucose tolerance,
adjusted hemostatic factor levels, obesity, lipid
levels, and traditional cardiovascular disease risk
factors. This study also demonstrated the correla-
tion between elevated levels of fasting insulin and
impaired fibrinolysis and hypercoagulability.2!

Other factors such as fibrinogen, factor VII, and
von Willebrand factor, along with PAI-1 and t-PA
antigens, show a strong positive association be-
tween levels of fasting insulin and viscosity in
both men and women (Figure 2).'* Elevations in
fibrinolytic factors causing hypercoagulability are
also associated with elevated markers of inflam-
mation and endothelial dysfunction, and are com-
monly seen in atherosclerosis, as well as insulin
resistance and glucose intolerance.?> With im-
paired hemostasis, there is also potential for un-
stable plaque formation, and chronic inflamma-
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Fig 2. Association of hemostatic factors with fasting insulin levels by sex and glucose tolerance category.

tion also eventually leading to the process of
atherosclerosis.!*

The metabolic abnormalities associated with
insulin resistance favor proliferation, inflamma-
tion, and plaque formation. Insulin effects 2 es-
sential cell pathways. The first is the phosphati-
dylinositol 3-kinase pathway (PI3), which is
associated with the metabolism of insulin causing
glucose transport, glycogen synthesis, and lipid
metabolism. The second is the mitogen-activated
protein (MAP) kinase, which is associated with
cell growth and proliferation. With insulin resis-
tance, there is a reduced effect of the PI3 kinase—
mediated pathways, while the MAP kinase activity
stays the same. This leads to proliferation of cells
and increased inflammation.

The PI3 pathway also plays a role in the anti-
inflammatory effects of insulin and the release of
nitric oxide synthase, leading to vasodilation.!>-23
With elevated insulin, the PI3 pathway is blocked,
leading to adhesion of monocytes as well as cellu-

lar proliferation. There also occurs the associated
inflammation, which is seen by and in increase of
C-reactive protein (hs-CRP), which is an indepen-
dent predictor of cardiovascular events and is of-
ten elevated in type 2 diabetes.>* Prothrombotic
inflammatory cells, such as PAI-1, are increased,
leading to the formation of acellular thin-walled
plaques, which often lead to rupture and myocar-
dial infarction.?> In the development of athero-
sclerosis initial plaque, the adhesion of monocytes
and T cells begins an inflammatory cascade that
eventually leads to the development of foam cells
filled with oxidized low-density lipoprotein
(LDL) cholesterol.2¢ This is the beginning of
plaque formation. PAI-1, causing both inflamma-
tion and impaired hemostasis, is not only trig-
gered by elevated insulin, but also by an increase
in visceral fat. PAI-1 is released by hepatocytes,
endothelial cells, and adipocytes, particularly
those in the abdominal distribution, in the setting
of elevated glucose, insulin, and IV fat emulsion,
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although not IV insulin alone.?7-28 The association
of increased hip-to-waist ratio included in the
metabolic syndrome is partially due to the predis-
position of the visceral adipocytes to secrete
PAI-1. With elevated insulin, PAI-1, and t-PA an-
tigen in the setting of glucose intolerance and hy-
pertriglyceridemia, it could be surmised that
faulty fibrinolysis is due to the metabolic abnor-
malities associated with the metabolic syn-
drome.28 These markers of inflammation, includ-
ing PAI-1, plasma interleukin 6 (IL-6), and tumor
necrosis factor-a (TNF-a) are elevated in both
obese subjects and patients with type 2 diabetes.2°

The role of insulin resistance and obesity on
endothelial function has been established through
studies looking at endothelium-dependent vaso-
dilation, endothelium-independent vasodilation,
and insulin-mediated augmentation of endothe-
lium-dependent vasodilation. In the normal set-
ting, insulin mediates vasodilation by increasing
the release of endothelium-derived nitric ox-
ide.30-31 In patients with type 2 diabetes, as well as
those with insulin resistance, there was a blunted
response to methacholine intrafemoral arterial in-
fusions on the leg blood flow, demonstrating a
decreased response to endothelium-dependent
vasodilation.!> In this study, methacholine was
used to assess endothelium-dependent vasodila-
tion, nitroprusside was used to assess endotheli-
um-independent vasodilation, and verapamil was
used as a nitric oxide—independent vasodilator. In
patients with diabetes, forearm blood flow in-
creased only 6.4 £ 0.9 mI/min per 100 mL com-
pared to 10.1 £ 1 mI/min per 100 mL in nondia-
betic subjects (P < .05). Nitroprusside also
revealed a decreased vasodilator response in the
diabetic subjects, increasing blood flow by 4.6 =
0.6 mL/min in diabetics compared with 8.4 = 1
mL/min per 100 mL in nondiabetics. There were
no differences between the two in the verapamil
group. The study demonstrated that forearm
blood flow in patients with insulin resistance and
obesity is decreased in both situations where there
is endogenous nitric oxide and direct-acting exog-
enous nitric oxide given.3? In patients with eugly-
cemia and hyperinsulinemia, there was also fail-
ure of the normal augmentation in endothelial
vasodilation, owing to the effect of insulin on en-
dothelial function.?? After a period of forearm
ischemia, it has been shown that the postischemic
flow-mediated dilation is significantly decreased
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in the brachial artery in patients with both type 1
and type 2 diabetes.32:33

Endothelial dysfunction is also part of the met-
abolic syndrome. Abnormalities in endothelial
function are seen in dyslipidemia, causing a de-
crease in vasodilation and cellular proliferation,
which prevent plaque formation. In fat cells, insu-
lin causes lipolysis and a subsequent release of
free fatty acids. This process leads to a further
elevation of lipids, and causes worsening endothe-
lial dysfunction. This process leads not only to
endothelial dysfunction, but has a multifactorial
effect in leading to the development of coronary
artery disease.?

Ultimately, the damage that is done in the insu-
lin-resistant patient is due to the hyperinsuline-
mic state. Excess insulin has multiple deleterious
effects on several body sites. It causes further in-
sulin resistance by increasing glucose output from
the liver, and reducing glucose utilization by the
skeletal muscle.2 In the vascular tissues, insulin
may stimulate endothelial and cell growth. In the
kidney, insulin has been shown to cause renal
sodium reabsorption and activate the sympathetic
nervous system, both leading to hypertension.>*
In the ovaries, insulin resistance has been shown
to increase androgen release, as is seen in polycys-
tic ovary syndrome, where patients suffer with
hyperandrogenism, infertility, and insulin resis-
tance.3>-3¢

Obesity and Dyslipidemia

Insulin resistance is closely associated with obe-
sity. Central obesity measured by waist-to-hip ra-
tio and subscapular-to-triceps ratio is associated
with hyperinsulinemia and the development of
type 2 diabetes. The continuum of being over-
weight begins at a BMI of greater than 25, and
obesity being reached at a BMI greater than 30. In
obesity, the waist circumference is usually greater
than 40 inches or 102 cm for men and 35 inches or
88 c¢m for women.! Obesity is also a risk factor for
coronary artery disease, and is clearly associated
with insulin resistance. In one study, the relation-
ship of abdominal fat to insulin sensitivity was
measured by direct and indirect measurements of
fat by dual-energy x-ray absorptiometry (DEXA)
and anthropometry, and insulin sensitivity was
measured by an oral glucose tolerance test. Per-
centage of central abdominal fat was found to be a
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significantly stronger correlate of insulin sensitiv-
ity than any other region of fat. Increased abdom-
inal fat was associated with hyperinsulinemia, hy-
perlipidemia, and insulin resistance. In another
study, central obesity in obese women has been
associated with glucose intolerance, decline in in-
sulin sensitivity, altered lipid metabolism, an in-
creased risk of diabetes, and an increase in cardio-
vascular mortality. Central abdominal fat, as
measured by DEXA, is a significant correlate of
insulin resistance in both normal and overweight
women, independent of other risk factors for dia-
betes.?”

It has been shown that visceral fat is more resis-
tant to the actions of insulin than other types of
fat.3® Visceral fat is less sensitive to insulin, caus-
ing the body to breakdown fat leading to the re-
lease of free fatty acids. Insulin-resistant fat cells
are unable to store triglycerides, which also re-
sults in the development of free fatty acids.3°

Fat cells themselves release free fatty acids that
can block the insulin signaling pathways by their
direct release into the portal circulation. These
free fatty acids not only decrease the action of
insulin, they also increase glucogenesis in the
liver.?® There are several hypotheses explaining
the mechanism by which free fatty acids block
insulin signaling. Recently, it has been shown that
free fatty acids stimulate protein kinase C iso-
forms, which interrupt the cellular mechanism of
insulin signaling and inhibit glucose transport ac-
tivity. When there is an impairment in insulin-
simulated glucose transport to the skeletal mus-
cle, there is the subsequent development of
insulin resistance.>®

In the liver there is synthesis of triglycerides
and very low-density lipoprotein (VLDL) choles-
terol with apolipoprotein B. With insulin resis-
tance, there is an exchange of cholesterol esters
from HDL and LDL to VLDL from triglyceride
molecules, which causes the HDL particles to be-
come completely ineffective in removing choles-
terol from peripheral cells. This pattern favors de-
velopment of smaller LDL particles, which is
shown to be associated with insulin resistance and
an increase in triglycerides.#>#! Reaven et al®
studied 100 subjects, revealing that patients with
small, dense LDL particle size had an associated
increase in insulin and glucose levels after a 75-g
oral glucose load. This pattern B type of small,
dense LDL particles is also associated with lower
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HDL levels. The LDL that is seen is enriched with
triglycerides, and is converted to small, dense LDL
particles. These types of particles are greatly
atherogenic because they are potentially easily ox-
idized.*? Oxidized LDL has been implicated in the
development of endothelial dysfunction, and the
progression of vascular inflammation leading to
development of the atherosclerotic plaque.

Fat cells, known as adipocytes, synthesize and
secrete several messengers that help to mediate
insulin action. TNF-a is associated with obesity
and the development of insulin resistance. In
obese subjects, elevated TNF-a also leads to in-
creased free fatty acid secretion, and decreased
effects of insulin signaling, leading to downregu-
lation of glucose transporters.? Adiponectin has
been shown to increase insulin activity, and is
decreased in patients with type 2 diabetes. It is
indirectly related to the amount of obesity, and in
fact, levels of adiponectin have been associated
with increased weight loss. It has been hypothe-
sized to interact with receptors at the muscle or
liver where it interrupts the action of other sub-
stances, such as TNF-a, eventually rendering in-
sulin ineffective. It has also been shown to en-
hance oxidation of intracellular fatty acids in the
muscle and liver, thereby decreasing muscle and
liver triglyceride content.

Other proteins are also associated with obesity.
Resistin is another recently discovered protein
specific to adipocytes found in mouse cells. This
substance is also associated with insulin resis-
tance, and has been shown to be reduced with the
thiazolidinediones. Although specifically seen in
rodents, there are related types of proteins seen in
fat cells in humans. Leptin has also been impli-
cated in insulin resistance. It contributes to appe-
tite regulation and effects insulin sensitivity.2

Coronary Artery Disease and the
Metabolic Syndrome

Many factors determine the risk of developing
coronary artery disease, many of which have also
been implicated in insulin resistance and the met-
abolic syndrome. Increases in inflammatory medi-
ators, stimulation of the sympathetic nervous sys-
tem, hypertension, and dyslipidemia are several
mechanisms contributing to the development of
both disease states. In patients with insulin resis-
tance, the dyslipidemia seen is manifested by an



THE METABOLIC SYNDROME

elevation in triglycerides and a decrease in HDL
cholesterol. Additionally, the LDL particles are
small and dense, more difficult to be effectively
cleared by the liver, and easily oxidized, increas-
ing their potential to lead to coronary artery dis-
ease.®

Several studies have shown the correlation be-
tween insulin resistance and coronary artery dis-
ease. In 1971, the Helsinki Policemen Study began
as one of the first prospective studies clearly show-
ing a correlation between hyperinsulinemia and
the risk of heart disease. This initial study in-
cluded 970 men, ages 34 to 64, who had no history
of coronary disease or diabetes. An oral glucose
tolerance test was performed, using the area under
the plasma insulin response curve as a reflection
of plasma insulin levels. Those men in the highest
area under the curve quintile—with the highest
insulin levels—were more likely to suffer from a
cardiovascular event. In the 22-year follow-up,
the study continued to show that elevated insulin
levels, as seen in insulin resistance, are positively
correlated with an increased risk of a major coro-
nary heart disease event. Hyperinsulinemia was
independent of other cardiovascular risk factors,
although through this study, other risk factors
including blood glucose, cholesterol, triglycer-
ides, blood pressure, obesity, smoking, and
physical activity were often prevalent along
with hyperinsulinemia, and contribute to the mul-
tifactorial causes of the increase in cardiovascular
disease.*3

The Paris Prospective Study, was an 11-year
study involving 7028 men, also showed a positive
correlation between insulin resistance and inci-
dence of CAD. In analyzing causes of death, there
was a clear correlation between the patients with
known diabetes and CAD mortality rates com-
pared with patients with newly diagnosed diabe-
tes, impaired glucose tolerance, or normal glucose
tolerance (P < .02). The study also demonstrated
a correlation between increased fasting insulin
and the prediction of CAD mortality.*

This same correlation between the insulin level
and risk of coronary artery disease was seen in
several prospective epidemiologic studies and
case-control studies. Because of these studies, in-
sulin resistance subsequently became a risk factor
independent of other cardiovascular risk fac-
tors.#* In other studies, there has been a clear
association between insulin resistance and evi-
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Fig 3. Seven-year incidence of type 2 diabetes by
baseline status for insulin resistance (HOMA IR surro-
gate for insulin resistance) and insulin secretion
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dence of atherosclerosis as seen by Doppler ultra-
sound of the coronary arteries.*>#¢ An association
between insulin resistance and coronary artery
disease has also been seen in studies utilizing cor-
onary angiography.*

In analyzing the development of coronary heart
disease, the San Antonio Heart Study assessed the
2 types of abnormalities that occur in the predia-
betic state: those with decreased insulin secretion
due to B-cell dysfunction and those that have in-
sulin resistance. In a 7-year follow-up study, an
analysis was performed to determine which met-
abolic abnormality, or both, would lead to the
atherogenesis often seen with coronary artery dis-
ease.? Of the 1734 subjects studied, 195 converted
to type 2 diabetes. These patients at baseline had a
higher BMI, greater waist circumference, higher
triglycerides, lower HDL levels, and higher blood
pressures. Analysis was then performed using a
homeostasis model assessment of insulin resis-
tance (HOMA IR = fasting insulin X fasting
glucose) and the ratio of early insulin increment to
early glucose increment during a glucose tolerance
test, over a 30-minute period (Al;y /AGs, o). Those
patients with insulin resistance had a high HOMA IR
and a high Al;, /AG;,, and those with a de-
creased insulin secretion demonstrated low values
for both of these variables*® (Fig 3). Those sub-
jects that did convert to type 2 diabetes had a
greater compilation of risk factors for coronary
artery disease, including higher triglycerides, ele-
vated BMI, increased systolic and diastolic blood
pressures, and lower HDL levels. Insulin resis-
tance and the prediabetic state have been clearly
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shown to increase the risk of atherosclerosis and
the risk for coronary artery disease.*

In a 6-year analysis of the Atherosclerosis Risk
in Communities Study, over 15,000 men and
women were examined to evaluate the etiology of
the atherosclerosis. The study examined arterial
stiffness; insulin, glucose, and lipid levels; and
cardiovascular risk factors. Arterial stiffness was
correlated with the development of hypertension,
a risk factor for coronary artery disease. The final
analysis demonstrated that increased fasting insu-
lin and glucose levels, and insulin resistance cor-
related with an increase in arterial stiffness in both
men and women.>° This correlation demonstrated
the association of insulin resistance as a risk factor
of coronary artery disease.

The different methods of clustering the vari-
ables by factor analysis revealed 3 types of factors.
The first factor, the central metabolic syndrome,
includes hyperinsulinemia, hyperglycemia, high
triglycerides, low HDL, high BMI, and high waist-
to-hip ratio. The second factor was defined as hy-
perinsulinemia and hyperglycemia, and the third
was hypertension.>!

In recent studies, factor analysis has been per-
formed, which includes intercorrelating variables
in statistical analyses, and has been used to study
the insulin resistance syndrome.'>-52 Between the
sexes, there are conflicting data regarding the as-
sociation between insulin and cardiovascular risk.
In several studies, the risk was observed in men,
but not women, and another showed no associa-
tion with men, only in women.>3

In a study of 1069 subjects from eastern Fin-
land, there were 151 CHD events during the
7-year follow-up period. In this particular study,
previous stroke, and low HDL and high triglycer-
ide levels portended greater risk than the insulin
resistance factors, as in relation to the factor anal-
ysis of the three types of factors depicted above.!3
Despite this separation of factors, there is clearly
an overlap between these distinctions, and the
individual criteria that make up the metabolic
syndrome and the risk of coronary artery disease.

Clearly, more studies need to be performed and
more women need to be included in the analyses.
The larges trials of coronary artery disease have,
thus far, been directed at men. In extrapolating
these data, we have surmised its effects on women.
Further large randomized trials need to be per-
formed to adequately evaluate and assess the role
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of the risk factors in the development of the met-
abolic syndrome, as well as coronary artery dis-
ease.

Treatment

Medication

Insulin resistance is seen in a patient who has an
ability to secrete insulin, which is relatively inef-
fective, although in the initial stages of its dys-
function does not lead to hyperglycemia. Overt
diabetes develops at the level of the B-cell in the
pancreas, where there are functional defects in
insulin secretion. At the level of the diagnosis of
diabetes, there is at least 50% loss of B-cell func-
tion. During the earlier stages of disease, when
there is some -cell function remaining, the treat-
ment strategies are more effective because they are
directed at B-cell function.? After hyperglycemic
stimulation, there is a sudden release of insulin,
followed by a steady secretion until the hypergly-
cemia is resolved. The first biochemical defect in
patients with type 2 diabetes is the loss of the
first-phase initial insulin secretion, which occurs
at a fasting glucose level as low as 115 mg/dL. The
normal insulin response is delayed, with the insu-
lin secretion occurring later and at lower levels.

In treating the metabolic syndrome, one of the
key goals is lowering endogenous insulin concen-
trations. The mainstay of therapy includes diet
and weight loss, exercise, and medical treatment
with medications that increase the body’s sensitiv-
ity to insulin.

In the initial stages of insulin resistance, where
patients secrete adequate amounts of insulin, a
thiazolidinedione and biguanide could be used.
The biguanide functions to decrease hepatic glu-
cose output. As the disease progresses and there is
a decrease in insulin secretion, a sulfonylurea
should then be added, which stimulates insulin
secretion.? Both the biguanide and the sulfonyl-
urea have the potential of lowering the glycosy-
lated hemoglobin by 1.5 percentage points.®

In a prospective, randomized study performed
in 1976 by the University Group Diabetes Pro-
gram, there was an increase in cardiovascular
events in patients who were treated with tolbut-
amide, a sulfonylurea, rather than placebo. The
concern about sulfonylureas is their mechanism
of action to lower glucose. They function to lower
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glucose by closing the adenosine triphosphate-
sensitive potassium channels causing an increased
secretion of insulin by B-cells in the pancreas,
ultimately leading to a reduction in glucose levels.
One of the negative manifestations may be the
development of arrhythmias through the closing
of the potassium channels, which may prolong
myocardial refractoriness. Sulfonylureas have
been also shown to be vasoconstrictive, leading to
greater endothelial dysfunction. In fact, in pa-
tients postangioplasty, it has been shown that sul-
fonylureas have been associated with an increased
risk of death in both elective angioplasty and an-
gioplasty for acute myocardial infarction.>* Sulfo-
nylureas also increase weight gain, and increase
insulin levels, leading to atherogenesis and car-
diovascular events, despite the reduction of the
glucose.!!

Thiazolidinediones have been shown to im-
prove insulin resistance and decrease plasma glu-
cose and insulin concentrations in patients with
type 2 diabetes.>> The drug inhibits the peroxi-
some proliferator-activated receptor-y, which is
implicated in the development of adipose tissue,
and also affects skeletal muscle and liver. This
medication functions by increasing peripheral
glucose uptake.

These medications have been effective in pre-
venting diabetes by increasing insulin sensitivity
and enhancing B-cell secretion. Thiazolidine-
diones have been shown to reduce intrahepatic
and visceral fat, and increase fat oxidation. In one
study, pioglitazone was shown to reduce visceral
fat and increase subcutaneous fat after 16 weeks of
treatment, demonstrating the beneficial role of
thiazolidinediones on changing the distribution
from central adiposity to peripheral fat.>® It has
been shown to decrease plasma free fatty acid lev-
els by preventing lipolysis at the level of the adi-
pocyte. In causing this, insulin-mediated glucose
uptake by the skeletal muscle, which is inhibited
by free fatty acids in the plasma, is better able to
perform its function.?® The increased sensitivity of
the adipose cells to insulin may, in fact, enable the
cells to again perform their function of storing
triglycerides. All of these mechanisms decrease
insulin resistance, and the factors implicated in
the metabolic syndrome.>” Not only have they
been shown to decrease the release of free fatty
acids from the adipocyte, the thiazolidinediones
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have been shown to prevent the release of inflam-
matory adipocytokines.

These medications are able to suppress inflam-
mation by decreasing inflammatory cells and mol-
ecules that have been shown to be part of the
development of coronary artery disease. There is
inhibition of the free oxygen radicals, which are
generated by polymorphonuclear leukocytes and
mononuclear cells. The thiazolidinediones also
decrease the major regulator of transcription of
the cytokines, TNF-«, and interleukin-6.2!-2° By
inhibiting transcription of these pro-inflamma-
tory markers, there is reduction in the plasma
concentration of C-reactive protein (CRP), intra-
cellular adhesion molecule-I, monocyte chemo-
tactic protein-1, and TNF-o.58 After beginning
this medical therapy, there is evidence in changes
of the inflammatory indices and insulin resistance
after 1 week. These benefits were not seen in the
patients with overt type 2 diabetes.?®

On the other hand, rosiglitazone has been ben-
eficial in patients with or without diabetes. It has
been shown to increase insulin-stimulated glu-
cose metabolism, and is effective also as an
anti-inflammatory agent.?° It has been shown
to improve peripheral adipocyte insulin respon-
siveness, and to enhance B-cell functioning, lead-
ing to increased insulin sensitivity.>® Within the
mononuclear cells, it prevents transcription of in-
flammatory hormones. There is shown to be a
decrease in tumor necrosis factor-1 and PAI-1, as
well as a 30% reduction in CRP.60-61 In a 26-week
study of patients with type 2 diabetes, there was
statistically significant decreases in percent reduc-
tion in mean CRP and MMP-9, matrix metallopro-
teinases, which have been implicated in the patho-
genesis of atherosclerotic plaque rupture (P <
.01).92 Theoretically, the reduction of CRP may
decrease the development to type 2 diabetes, and
subsequently decrease the progression to coro-
nary artery disease. The correlation between insu-
lin resistance, by high HOMA IR, and the inflam-
matory markers IL-6 and MMP-9, have shown this
relationship.®®> Changes in MMP-9 were corre-
lated with changes in CRP, IL-6, WBC, HbAlc,
fasting plasma glucose, insulin resistance, and
BMI.®3

In the location of the early developing plaque,
rosiglitazone may also have an effect on decreas-
ing the levels of the metalloproteinases, abundant
in the early and vulnerable plaque. Rosiglitazone
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Table 1. Blood Pressure, Insulin Sensitivity,
Rosiglitazone Treatment

and Cardiovascular Risk Factors Before and After

Week 0 Week 16 P Value

24-h mean ABPM

Systolic blood pressure (mm Hg) 138 = 2 134 =2 <0.01

Diastolic blood pressure (mm Hg) 852 80 £ 2 <0.0001
Daytime ABPM (0600-2300)

Systolic blood pressure (mm Hg) 141+ 2 137 £ 2 <0.05

Diastolic blood pressure (mm Hg) 87 £ 2 83 +2 <0.001
Nighttime ABPM (2300-0600)

Systolic blood pressure 131 £ 3 126 = 3 <0.02

Diastolic blood pressure (mm Hg) 80 £ 2 732 <0.0001
Fasting glucose (mg/dL) 83+2 82 +2 NS
Fasting insulin (units/mL) 16.1 = 1.4 125+ 0.9 <0.01
Basal hepatic glucose output (mg-kg™"*min~") 1.8 + 0.1 1.8 + 0.1 NS
Insulin-stimulated glucose disposal (mg-kg™"*min") 5.0 = 0.4 5.9 * 0.5 <0.001
Residual hepatic glucose output (mg-kg™'*min") 0.7 + 0.1 0.7 + 0.1 NS
Total cholesterol (mg/dL) 207 =7 187 = 8 <0.001
LDL cholesterol (mg/dL) 129 + 6 122 = 8 0.18
HDL cholesterol (mg/dL) 513 46 = 3 <0.05
Triglycerides (mg/dL) 134 + 16 89 +8 <0.04
CRP (mg/dL) 0.27 = 0.05 0.15 = 0.04 <0.002
PAI-1 (ng/mL) 16.7 + 1.5 11.1+15 <0.009

Data are means *+ SE.

has also been shown to suppress an essential com-
ponent in the conversion of molecular oxygen
into free radicals. In a comparison with glyburide,
rosiglitazone was more beneficial in reducing he-
moglobin A1C and increasing HDL levels.#? Its
beneficial effects on LDL was seen in a study by
Brunzell et al,®* which demonstrated, after an
8-week period, a slight increase in LDL particles,
with an alteration in the composition of LDL from
small and dense to large and buoyant, which have
less potential to lead to atherosclerosis.o*

One group of investigators observed the con-
nection between hyperinsulinemia, insulin resis-
tance, and hypertension. Raji et al®> determined a
subset of salt-sensitive essential hypertensive pa-
tients who are more insulin resistant than the sub-
jects with low-renin hypertension. This group is
called the nonmodulators owing to their inability to
regulate their blood pressure, renal plasma flow,
and responsiveness to angiotensin II when going
from a high- to low-salt diet. They hypothesized
that the nonmodulator subgroup of hypertensives
would receive greater improvement in insulin
sensitivity and reduction in blood pressure while
taking rosiglitazone compared to those patients
with high blood pressure and low renin, and there
would be a reduction in cardiovascular risk fac-
tors. The group concluded that, in fact, rosiglita-

zone improves insulin sensitivity and lowers
blood pressure in patients with essential hyper-
tension. There were also improvements in the car-
diovascular risk factors with the decline of triglyc-
erides, total cholesterol, PAI-1, and CRP. There
was no difference between the 2 groups, which
was felt to be due to both the fact that the study
was conducted with both groups on a low-salt diet
and that both groups were moderately over-
weight. Although in both groups there was a sig-
nificant relationship between the improvement in
insulin sensitivity and reduction in blood pres-
sure, surmising that the degree to which blood
pressure is elevated owing to insulin resistance, an
insulin sensitizer will cause a level of reduction in
blood pressure (Table 1).%5

Both troglitazone and rosiglitazone improve en-
dothelium-dependent flow-mediated vasodilation
of the brachial artery seen after ischemic condi-
tions. This benefit is seen relatively quickly after
beginning the medications, demonstrating its role
in the improvement of endothelial dysfunction.
Troglitazone is also effective in improving nitric
oxide—induced vasodilation, and therefore has a
role in the treatment of vasospastic angina.?® Ros-
iglitazone was shown to increase brachial artery
vasoactivity from 4% to 10% (P < .05) in a small
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study of 11 nondiabetic obese patients who re-
ceived the medication for 6 weeks.!

Along with its benefits in endothelial function,
this class of medications has also been shown to
decrease levels of PAI-1. In a comparison between
the effects of sulfonylureas alone or with rosigli-
tazone on PAI-1 levels in 114 patients with type 2
diabetes, after 26 weeks of treatment, there was a
21.8% decrease in PAI-1 antigen level and a 33.8%
decrease in PAI-1 activity, compared with an in-
crease in both on the sulfonylurea alone. Other
studies also compared the effects of troglitazone
with placebo for 26 weeks. In those receiving tro-
glitazone therapy, there also was found to be
lower levels of PAI-1 compared to those taking the
placebo.2942

Along with the thiazolidinediones, metformin
has also been shown to improve insulin resis-
tance. It reduces blood sugar by suppressing glu-
cose production by the liver, and therefore de-
creases insulin levels. It also has been shown to
cause weight loss, secondary to the anorexic effect
of the medication.!! Metformin has also demon-
strated improvement in endothelial function in
patients with type 2 diabetes. The study did not
include patients with the metabolic syndrome to
minimize the effects of the cardiovascular risk fac-
tors on endothelial dysfunction. After a 12-week
period, there was improvement in acetylcholine-
stimulated forearm blood flow in patients who
received 500 mg of metformin 2 times per day
compared with placebo. Forearm blood flow re-
sponses were determined using brachial arterial
infusions of the endothelium-dependent vaso-
dilator acetylcholine, the endothelium-inde-
pendent vasodilator sodium nitroprusside, and
the nitrate-independent vasodilator verapamil.
Along with vasodilation, homeostasis model ap-
proximation was assessed to determine the mea-
surement of insulin resistance. There was a 32%
drop in HOMA IR and a significant improvement
in endothelium-dependent vasodilator response.®®
These findings correlate with the understanding
that insulin resistance is directly associated with
endothelial dysfunction, and that improvement of
the endothelium will help in treating type 2 dia-
betes, insulin resistance, and therefore the meta-
bolic syndrome. The benefits of metformin and its
ability to improve endothelial function, decrease
insulin, and promote weight loss were demon-
strated in the United Kingdom Prospective Diabe-
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tes Study (UKPDS). The study consisted of 1293
obese patients with type 2 diabetes who were ran-
domized to receiving sulfonylurea, insulin, or
metformin. There was a 36% reduction in all-
cause mortality compared to the other cohorts.®”

Lifestyle Management and Risk Factor
Modification

Lifestyle management and behavior modification
have a definite role in the treatment of the meta-
bolic syndrome. The initial goal of treatment is
weight loss, which could be achieved by a low-
calorie diet along with exercise. A weight loss of
merely 5 to 10 pounds has been shown to decrease
elevated glucose levels to within the normal
range.®

A 2001 study by the National Institutes of
Health entitled the Diabetes Prevention Program
analyzed the effect of intensive lifestyle changes
with metformin in 3234 patients who had im-
paired glucose tolerance. In a study of 3234 pa-
tients without diabetes, but with elevated fasting
and postload glucose, lifestyle management
proved to be more effective than treatment with
metformin. The participants were randomly as-
signed to placebo, metformin (850 mg 2 times per
day), or a lifestyle modification program with the
objectives of having a 7% weight loss and 150
minutes of physical activity per week. The lifestyle
intervention included a 16-lesson curriculum on
diet and exercise individually taught during the
first 24 weeks of the program, and then occurred
on a monthly basis. The mean age was 51, with a
BMI of 34.0; 68% were women. After a 2.8-year
follow-up, the lifestyle management program de-
creased the incidence of developing diabetes
by 58%, and metformin by 31% compared to
placebo.8

Over 25,000 men were followed for 10 years to
determine the effect of low cardiovascular fitness
on the incidence of cardiovascular disease and
all-cause mortality in normal weight, overweight,
or obese men. Independent of other risk factors
such as diabetes, high cholesterol, hypertension,
smoking, or BMI, low cardiovascular fitness was
associated with a higher relative risk. In a small
cohort from this study, more than 1000 men with
type 2 diabetes were then evaluated over a 1-year
period to assess the correlation between physical
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activity and mortality. Low cardiovascular fitness
was associated with a 2-fold increase in the risk of
death compared to other men with type 2 diabetes
who were physically fit.+2.09

These same findings were seen in women by
looking at the maximal oxygen consumption
(VO51max)- Women with type 2 diabetes had a de-
creased VO,, .., which was compared with over-
weight and lean women without diabetes.”
Through this study, a clear correlation between
exercise and the prevention of type 2 diabetes was
established.®®

Besides increasing cardiovascular health, regu-
lar exercise promotes weight loss, and with the
loss of abdominal obesity, there is an improve-
ment in insulin sensitivity, therefore reducing the
development of type 2 diabetes. Not only is aero-
bic exercise recommended, but the addition of
strength training to the endurance activity has
effects in reducing body fat and improving insulin
sensitivity.”!

In addition to exercise, diet can also be benefi-
cial in patients to prevent the development of type
2 diabetes and delay the progression to coronary
artery disease. The ideal diet for these patients is
one low in simple carbohydrates, low in saturated
fat, and high in fiber. A diet low in fats and high in
carbohydrates can lead to an elevation in glucose,
insulin, and triglyceride levels.” In altering the
diet to include monounsaturated or polyunsatu-
rated fats instead of saturated fats or carbohy-
drates, the lipid profile can be improved and this
can cause a resultant decrease in cardiovascular
events. It has been shown that there is an inverse
relationship between the consumption of polyun-
saturated fat and the incidence of coronary artery
disease, promoting the intake of vegetable oils
rich in linoleic acid. Diets high in polyunsaturated
fat have been shown to be more effective than
low-fat, high-carbohydrate diets in reducing cho-
lesterol and decreasing the incidence of coronary
artery disease. On the other hand, diets high in
trans unsaturated fat may increase the LDL cho-
lesterol levels, lower HDL cholesterol, increase
lipoprotein a [Lp(a)] metabolism, increase tri-
glyceride levels, and interfere with fatty acid me-
tabolism.”

Even in studies looking at medications to in-
duce weight loss, such as sibutramine, a combined
norepinephrine-serotonin reuptake inhibitor that
causes increased satiation, those subjects treated
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with medication along with exercise, achieved the
greatest benefit. Wadden et al’* demonstrated in a
study of 53 women, that the drug plus a lifestyle
intervention group (providing behavioral strate-
gies for achieving weight loss) had a greater
weight loss than those treated with diet alone.
This benefit was noted even at the end of 1 year of
study. In the group of drug along with lifestyle
intervention and a strict caloric reduction to 1000
kcal/d, there was a greater than 10% decrease from
the initial body weight at the end of the 12th
month compared to the drug along group.”#

In treating the metabolic syndrome, there are
three lifestyle issues—physical exercise, diet, and
weight control—that need to be assessed.!! In ad-
dressing the dyslipidemia that occurs in the met-
abolic syndrome, diet and exercise are important
components of treatment. The dyslipidemia char-
acterized in the metabolic syndrome includes an
increase in triglycerides, a decrease in HDL, and a
moderate increase in LDL. This triad is difficult to
treat and portends a worse diagnosis than an iso-
lated increase in LDL. After attempts are made to
decrease weight and change the cholesterol profile
without success, then medical therapy is recom-
mended. Along with statins, troglitazone and met-
formin have also been shown to alter the lipid
profile. Although LDL is not the worst offender in
patients with insulin resistance, statins have been
demonstrated to reduce the rate of cardiovascular
events if LDL is reduced to <100 mg/dL. In the
Scandinavian Simvastatin Survival Study (45), in
patients with diabetes there was a decrease of car-
diovascular events by 55% and all-cause mortality
by 43%.7°

A similar benefit was seen in the Cholesterol
and Recurrent Events (CARE) trial, where 4159
patients who suffered from a myocardial infarc-
tion with cholesterol levels that were relatively
normal (mean, 209 mg/dL), were analyzed. The
trial demonstrated a higher absolute risk of a car-
diovascular event in the diabetes cohort, regard-
less of being in the treatment or placebo group.
The patients were randomized to receive pravasta-
tin or placebo. In the 586 patients who were clas-
sified as diabetic, there was a 25% reduction in
major cardiovascular events and a 23% reduction
in the nondiabetic group. The benefits were also
more apparent in those patients with triglycerides
of =144 mg/dL, demonstrating the challenge in
treating those patients with diabetes or the dyslip-
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idemia prevalent in the metabolic syndrome.!!.7¢
The Helsinki Heart Study demonstrated the bene-
fits of gemfibrozil in the lipid disorder of an ele-
vated triglyceride level and low HDL level like that
seen in the metabolic syndrome and insulin resis-
tance.””

Niacin as a medication for lipid-lowering pos-
sesses many characteristics that are beneficial in
the insulin resistance syndrome. It has benefits in
improving HDL, triglycerides, small dense LDL,
Lp(a), fibrinogen, and plasminogen activator in-
hibitor-1. Along with all these positive attributes,
niacin also has the potential of increasing hyper-
glycemia, creating difficulty in treating and main-
taining glycemic control. Therefore, it is not the
drug of choice in diabetes or in those with elevated
glucose levels.!!

Hypertension is often associated with the met-
abolic syndrome. In the complex of attributes in
the metabolic syndrome, high blood pressure is
prevalent, along with insulin resistance, obesity,
sedentary lifestyle, and dyslipidemia. Along with
standard hypertensive medications, troglitazone
and metformin have been shown to decrease
blood pressure in patients with type 2 diabetes.”®
Angiotensin-converting enzyme inhibitors have
been shown to be beneficial in stabilizing coro-
nary plaques in patients with endothelial dysfunc-
tion.” In patients who are at high risk for devel-
oping coronary artery disease, as are patients with
insulin resistance and type 2 diabetes, B-blockers
have also demonstrated a decrease in mortality.°

Part of the metabolic syndrome is impaired fi-
brinolysis and elevated plasminogen activator in-
hibitor-1 levels. Aspirin decreases the incidence of
acute coronary events by reducing platelet-throm-
bus formation at the site of the ruptured plaque.
Aspirin is now indicated by the American Diabetes
Association for all patients with type 2 diabetes,
owing to the high risk of coronary artery disease.
Most effective doses for high-risk patients are be-
tween 165 and 325 mg/d.8! 82

The Future

Several trials are underway to assess the effects of
early treatment for type 2 diabetes, or prevention
of type 2 diabetes in impaired glucose tolerance
patients with thiazolidinediones. A Diabetes Out-
comes Progression Trial is a 4-year trial studying
the effects of early treatment of type 2 diabetes
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with the thiazolidinediones. There are three com-
parison medications including rosiglitazone, met-
formin, and glyburide with the primary end point
of the study being time to monotherapy failure,
based on loss of glycemic control. If there is a
delay in this with the rosiglitazone, then the pa-
tients with insulin resistance would derive greater
benefit from treatment. Other studies include the
Diabetes Reduction Assessment with Ramipril
and Rosiglitazone Medication (DREAM) and
the Rosiglitazone Evaluated for Cardiac Out-
comes and Regulation of Glycemia in Diabetes
(RECORD) trials with looks at both primary pre-
vention of diabetes in those patients with insulin
resistance and a head-to-head analysis of rosigli-
tazone, sulfonylurea, or metformin and the end
points of heart disease and glycemic control.
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