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Metabolic Syndrome Modifies the Cardiovascular Risk
Associated With Angiographic Coronary Artery
Disease in Women
A Report From the Women's I schemia Syndrome Evaluation

Oscar C. Marroquin, MD; Kevin E. Kip, PhD; David E. Kelley, MD; B. Delia Johnson, PhD;
Ledlee J. Shaw, PhD; C. Noel Bairey Merz, MD; Barry L. Sharaf, MD; Carl J. Pepine, MD;
George Sopko, MD; Steven E. Reis, MD; for the Women'’s Ischemia Syndrome
Evaluation Investigators

Background—The metabolic syndrome, which is characterized by a constellation of fasting hyperglycemia, hypertriglyc-
eridemia, low HDL cholesterol, hypertension, and/or abdominal obesity, isarisk factor for the development of coronary
artery disease (CAD) and cardiovascular events. The interrelationship between metabolic status and CAD on

cardiovascular risk in women is not known.

Methods and Results—We evaluated interrel ationshi ps between angiographic CAD, the metabolic syndrome, and incident
cardiovascular events among 755 women from the Women's Ischemia Syndrome Evaluation (WISE) study who were
referred for coronary angiography to evaluate suspected myocardia ischemia; 25% of the cohort had the metabolic
syndrome at study entry. Compared with women with normal metabolic status, women with the metabolic syndrome had
a significantly lower 4-year survival rate (94.3% versus 97.8%, P=0.03) and event-free survival from major adverse
cardiovascular events (death, nonfatal myocardial infarction, stroke, or congestive heart failure; 87.8% versus 93.5%,
P=0.003). When the subjects were stratified by the presence or absence of angiographically significant CAD at study
entry, in women with angiographically significant CAD, the metabolic syndrome resulted in significantly higher risk of
cardiovascular events than in women with normal metabolic status (hazard ratio 4.93, 95% CI 1.02 to 23.76; P=0.05),
whereas it did not result in increased 4-year cardiovascular risk in women without angiographically significant CAD

(hazard ratio 1.41, 95% CI 0.32 to 6.32; P=0.65).

Conclusions—These data suggest that in women with suspected myocardial ischemia, the metabolic syndrome modifies
the cardiovascular risk associated with angiographic CAD. Specifically, the metabolic syndrome was found to be a
predictor of 4-year cardiovascular risk only when associated with significant angiographic CAD. (Circulation. 2004,

109:714-721.)
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he metabolic syndrome is a constellation of lipid and

nonlipid factors of metabolic origin associated with
insulin resistance that places subjects at risk for diabetes and
cardiovascular events.22 It has recently been defined by the
Third Report of the National Cholesterol Education Program
Expert Panel on Detection, Evaluation, and Treatment of
High Blood Cholesterol in Adults (ATP-I11),3 which suggests
that the diagnosis be made when 3 or more of the following
characteristics are present: high fasting glucose, high blood
pressure, low HDL cholesterol, high triglycerides, and ab-
dominal obesity. Severa studies have shown an association

between the metabolic syndrome and increased cardiovascu-
lar events.2:24 Despite significant controversy, most experts
appear to believe that the increased cardiovascular risk seen
in these subjects is probably due to the clustering of known
cardiovascular risk factors. However, even though there have
been reports of an increased prevalence of coronary heart
disease (CHD) in these subjects, these reports have used
surrogate markers for CHD.5- In addition, the interrelation-
ship between the metabolic syndrome and presence or ab-
sence of CHD and its effects on cardiovascular risk remains
unknown. Accordingly, we sought to prospectively evaluate
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the potentia relationships between the metabolic syndrome,
presence of angiographically significant coronary artery dis-
ease (CAD), and incident cardiovascular eventsin a cohort of
women with chest pain referred for coronary angiography.

Methods
Study Design

Women were enrolled in the Women’s Ischemia Syndrome Evalu-
ation (WISE) study if they had suspected myocardial ischemia that
prompted clinical referral for coronary angiography at 1 of 4 sites
(University of Alabama at Birmingham; University of Florida,
Gainesville; University of Pittsburgh, Pittsburgh, Pa; and Allegheny
Genera Hospital, Pittsburgh, Pa).8 Each woman underwent evalua-
tion of demographic characteristics and medication use; quantitative
coronary angiography?; and blood sampling for measurement of
lipids, glucose, and inflammatory markers. All subjects provided
written informed consent that was approved by the institutional
review board at their local WISE clinical site. This report examines
755 WISE women in whom classification of metabolic status
(normal, metabolic syndrome without diabetes, or diabetes with
metabolic syndrome) was determined, as defined below.

Classification of Metabolic Status

The ATP-III criteria® were used to classify 784 WISE women as
being with or without the metabolic syndrome on the basis of the
presence or absence of =3 of the following factors: (1) waist
circumference >88 cm, (2) fasting triglycerides >150 mg/dL (mea-
sured by enzymatic assay at the WISE core lipid laboratory), (3)
HDL cholesterol <50 mg/dL, (4) hypertension (systolic blood
pressure =130 mm Hg, diastolic blood pressure =85 mm Hg or use
of antihypertensive drug therapy), and (5) fasting glucose =110
mg/dL. The subset of 430 women who met the definition of the
metabolic syndrome were subdivided into 2 study groups consisting
of those with treated diabetes (n=242; diabetes group) and those
without treated diabetes (n=188; metabolic syndrome group).
Treated diabetes was defined as past or current use of oral hypogly-
cemic agents or insulin. Among the remaining 354 women, 29 had a
history of diabetes but did not meet the definition of the metabolic
syndrome at study entry. These women were excluded from the
analysis, which left a third study group of 325 women with normal
metabolic status and a total study cohort of 755 women.

The homeostasis model assessment (HOMA) was calculated as a
measure of insulin sensitivity in the 311 subjects without diabetes
who had data on fasting insulin that was measured by standard
clinical techniques at the WISE core lipid laboratory. HOMA was
calculated with the formula HOMA score=[(fasting glucose in units
of mmol/L Xinsulin in units of wU/mL)/22.5]. Subjects with diabetes
were excluded from the cal culation because the score is not accurate
in such patients.1°

Measurement of Inflammatory Markers

Interleukin-6 (1L-6) levels were measured from plasma collected at
study entry with a commercially available ELISA kit (Quantikine hs
human IL-6, R&D Systems). The minimum limit of detection was
0.094 pg/mL, and the coefficients of variation of intra-assay and
interassay precision were 3.8% and 9.9%, respectively. To confirm
reproducibility, a random subset of 90 samples were assayed in
duplicate. 1L-6 levels in the duplicate samples had a correlation
coefficient of 0.98. C-reactive protein (CRP) was measured by a
high-sensitivity (hs) method on the Hitachi 911 anayzer with
reagents from Denka Seiken and previously validated techniques.1t

Assessment of Angiographic CAD

Quantitative analysis of coronary angiograms was performed offline
at the WISE angiographic core laboratory (Rhode Island Hospital,
Providence, RI) by investigators blinded to all other subject data.®
Luminal diameter was measured at all stenoses and at nearby
reference segments with an electronic cine projector—based cross-
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hair technique (Vanguard Instrument Corp). The presence of 1 or
more stenoses =50% in diameter was considered significant CAD,
maximum diameter stenosis 20% to 49% was considered minimal
CAD, and <20% stenosisin al coronary arteries was considered no
CAD.

Ascertainment of Cardiovascular Events

Follow-up for the occurrence of untoward cardiovascular events was
obtained by annua telephone and/or mail contact. The primary
clinical outcomes were death or the composite end point of major
adverse cardiovascular events (MACE; death, nonfatal myocardial
infarction, stroke, or congestive heart failure). Among the 715
women who did not die during 4-year follow-up, 87% had =1-year
follow-up, 81% had =2-year follow-up, 66% had =3-year follow-
up, and 39% had =4-year follow-up. The median length of follow-up
was 3.5 years (interquartile range 2.8 to 4.7 years) among the 715
subjects who did not die during 4-year follow-up (94.7% of the total
cohort) and 1.4 years for the 40 nonsurviving subjects (interquartile
range 0.45 to 2.6 years).

Statistical Methods

Differencesin baseline demographic and clinical characteristicswere
assessed by metabolic status (normal, metabolic syndrome without
diabetes, diabetes with metabolic syndrome) with the Mantel-
Haenszel ¥ test for trend for categorical variables and ordered
Jonckherre-Terpstra test for continuous variables. The latter non-
parametric method was used owing to the relatively high skew of
some baseline clinical variables, including inflammatory markers.
The Kaplan-Meier method was used to estimate 4-year cumulative
incidence rates of death and MACE, with the log-rank statistic used
to assess differences by metabolic status. Participants who did not
experience the clinical outcome of interest were censored at either 4
years or the last date of follow-up before 4 years. Proportional
hazards regression analysis was used to estimate adjusted 4-year
relative risks of death and MACE in relation to metabolic status.
Covariates in adjusted models included age and race, aswell asthose
with a probability value <0.20, as determined by backward stepwise
regression. In the initial variable selection process, inflammatory
markers (I1L-6 and hs-CRP) were not considered because they may be
intermediate in the causal pathway between metabolic status and risk
of cardiovascular events. However, after the final adjusted models
were constructed (model 1), the log of hs-CRP was added in a
separate model (model 2) to assess the extent to which the effects of
metabolic status were attenuated by systemic inflammation. The
proportional hazards assumption of invariant relative risk was tested
and found to be satisfactory for al models constructed.

Results

Demographics

The mean age of the 755 subjects was 58+ 12 years (range 21
to 86 years); 75% of the women were postmenopausal, 80%
were white, and 34% were using postmenopausal hormone
replacement therapy (HRT) at study entry.

Prevalence of Metabolic Factors by Metabolic Status
Among the 5 factors used to define the metabolic syndrome,
the prevalence of hypertension was highest in the study
cohort (79%), whereas fasting hyperglycemia was the |east
prevalent factor (40%; Table 1). With the exception of fasting
glucose =110 mg/dL, which was considered present in all
women with diabetes, the prevalence of the 4 remaining
metabolic factors was higher in those with the metabolic
syndrome than in those with diabetes. In women classified
with normal metabolic status, the prevalence of metabolic
factors ranged from 3% (fasting glucose =110 mg/dL) to
61% (hypertension).
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TABLE 1.

Prevalence of Metabolic Syndrome Risk Factors by Metabolic Status

Prevalence at Study Entry, %

Normal*  Metabolic Syndromet  Diabetest All
Metabolic Syndrome Risk Factor n (n=325) (n=188) (n=242) (n=755)
Waist circumference >88 c¢cm 711 33.8 85.7 84.8 61.7
Triglycerides >150 mg/dL 720 16.6 75.0 57.2 43.3
HDL cholesterol <50 mg/dL 718 20.9 70.4 59.3 447
Systolic BP =130 mm Hg or diastolic BP =85 mm Hg or 747 61.2 91.8 92.3 78.7
recent use of antihypertensive agents
Fasting glucose =110 mg/dL or history of treated diabetes 755 3.1 255 100.0 39.7

BP indicates blood pressure.
*Women without the metabolic syndrome.

tWomen without treated diabetes yet with at least 3 of the 5 following factors present: (1) waist circumference >88 cm; (2)
triglycerides>150 mg/dL; (3) HDL <50 mg/dL; (4) systolic BP =130 mm Hg or diastolic BP =85 mm Hg or recent use of

antihypertensive agents; (5) fasting glucose =110 mg/dL.

FWomen with the metabolic syndrome and a history of treated diabetes, defined as use of oral agents and/or insulin. Note: 29
women with treated diabetes did not meet the definition of the metabolic syndrome and were excluded from the analysis.

Baseline Characteristics by Metabolic Status
Compared with women with normal metabolic status, those
with the metabolic syndrome or diabetes were significantly
older, were less likely to be white and current users of HRT,
and were more frequent users of aspirin and antihypertensive
drugs (Table 2). Women with diabetes were more likely to be
taking statin therapy than nondiabetic women. Markers of
systemic inflammation were lower in women with normal
metabolic status than in those with the metabolic syndrome
and diabetes. Interestingly, both the proinflammatory cyto-
kine IL-6 and the nonspecific marker hs-CRP were as high in
women with the metabolic syndrome as in women with
diabetes (Table 2).

Prevalence of Angiographic CAD by Metabolic Status
At study entry, the prevalence of significant angiographic
CAD (= 50% stenosis) was intermediate in women with the
metabolic syndrome (33%) compared with women with
normal metabolic status (26%0) and those with diabetes (57%;
Table 2; Figure 1). Similarly, 45% of women with normal
metabolic status and 40% of women with the metabolic
syndrome were considered to have no angiographic disease at
study entry, compared with only 23% of women with
diabetes.

Metabolic Status and Cardiovascular Outcome

Women with the metabolic syndrome had a significantly
lower 4-year survival rate than women with normal metabolic
status (94.3% versus 97.8%, P=0.03), whereas the rate was
nonsignificantly higher than in those with diabetes (94.3%
versus 89.4%, P=0.07; Figure 2, top). Similarly, when the
composite end point of 4-year MACE was used, the event-
free survival rate of 87.8% in women with the metabolic
syndrome was lower than that observed in women with
norma metabolic status (93.5% P=0.003) but significantly
higher than in women with diabetes (76.5%, P=0.03; Figure
2, bottom). Thus, 4-year event-free surviva rates in women
with the metabolic syndrome were intermediate between
those with normal metabolic status and those with diabetes.

Interaction Between Metabolic Status,
Angiographic CAD, and Cardiovascular Outcome
Four-year survival rates in relation to metabolic status were
evaluated by the absence or presence of significant angio-
graphic CAD at study entry (Figures 3 and 4). Among women
with significant angiographic CAD at study entry, 4-year
survival rates were essentially identical between women with
the metabolic syndrome and those with diabetes (86.2%
versus 85.9%, P=0.77) and substantialy lower than the
4-year survival rate of 96.9% observed in women with normal
metabolic status (Figure 3, top). Similar results were ob-
served with the composite end point of MACE (Figure 3,
bottom). Thus, the 4-year risk of cardiovascular events in
women with prevalent angiographic CAD at study entry was
modified (substantially elevated) by the presence of the
metabolic syndrome.

Among women without significant angiographic CAD at
study entry, a different pattern of risk was observed in that
those with the metabolic syndrome had similar survival as
those with normal metabolic status (96.9% versus 98.1%,
P=0.65) and similar 4-year freedom from MACE (91.4%
versus 94.3%, P=0.21; Figure 4). There was a nonsignificant
suggestion of lower event-free survival in women with
diabetes compared with those with the metabolic syndrome
(91.8% versus 96.9%, P=0.16), as well as lower rates of
event-free MACE (85.8% versus 91.4%, P=0.26). Thus, in
women without angiographic CAD at study entry, the 4-year
risk of cardiovascular events in women with the metabolic
syndrome was similar to the risk in women with normal
metabolic status and was not statistically different from the
risk in women with diabetes.

Adjusted Risk Estimates

Figure 5 presents 4-year adjusted hazard ratios (HRs) for
death and MACE by metabolic status and presence or
absence of angiographic CAD. As seen, among women with
significant angiographic CAD at study entry, the adjusted
4-year risk of death for women with the metabolic syndrome
(plotted on a logarithmic scale) was nearly 5-fold compared
with women with normal metabolic status (HR 4.93, 95% CI
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TABLE 2. Baseline Characteristics by Metabolic Status

Metabolic Status at Study Entry

Normal* Metabolic Syndrome* Diabetes* P
Baseline Characteristic (n=325) (n=188) (n=242)  (Trend)
Age, y, median 57 60 59 0.008
White race, % 86 84 69 <0.0001
Postmenopausal, % 71 76 79 0.03
HRT, %

Ever 54 42 47 0.15
Current 40 31 28 0.002
Aspirin use, % 53 59 67 0.0008

Lipid-lowering statin use, % 23 21 35 0.002
Antihypertensive drug use, % 38 49 69 <0.0001
Cigarette smoking, % 0.22

Never 44 42 52

Former 35 35 30

Current 20 23 19
History of CHF, % 6 7 16 0.0005
Family history of CAD, % 64 70 67 0.45
Body mass index, kg/m?, median 26.1 30.2 31.3 NAT
Blood pressure, mm Hg, median

Systolic 129 139 140 NAT

Diastolic 75 79 78 NAT
Cholesterol, mg/dL, median

Total 188 197 191 NAT

HDL 56 47 47 NAT

LDL 108 106 102 NAT
Triglycerides, mg/dL, median 96 187 165 NAT
Inflammation, median

IL-6, pg/mL 2.5 35 3.6 <0.0001

hs-CRP, mg/dL 0.28 0.64 0.54 <0.0001
Angiographic CAD, % <0.0001

None (0-19% maximum stenosis) 45 40 23

Minimal (20-49% maximum stenosis) 28 27 20

Significant (=50% stenosis) 26 33 57

*As defined in Table 1.

TNo statistical test performed because the baseline characteristic is directly or indirectly part of the

definition for metabolic status.

1.02 to 23.76; P=0.05). Similar results were observed for the
composite end point of MACE (HR=4.93, 95% CI 1.16—
21.94; P=0.02). However, among women without significant
angiographic CAD, the presence of the metabolic syndrome
was not associated with increased risk of death (HR 1.41,
95% CI 0.32 to 6.32; P=0.65). A similar absence of height-
ened risk was observed for 4-year risk of MACE.

Given the higher levels of inflammatory markers at base-
line in women with the metabolic syndrome and diabetes
compared with norma metabolic status, we additionally
sought evidence that hs=CRP might modify the associations
seen between metabolic status and angiographic CAD in the
4-year adjusted HRs for death and MACE. In the model of
women without significant angiographic CAD, hs-CRP did
not significantly attenuate the effects of metabolic status on

mortality (HR 0.63, 95% CI 0.10to 3.74; P=0.61). Similarly,
in the model of women with significant angiographic CAD,
there was only marginal attenuation by hs-CRP on the effects
of metabolic status on mortality (HR 4.34, 95% CI 0.86 to
21.94; P=0.08). Similar results were observed when hs-CRP
was added to the model with the combined end point of
MACE.

Association Between Metabolic Status, Insulin
Resistance, and Cardiovascular Events

Given that insulin resistance has been implicated as the
underlying cause of the metabolic syndrome, we investigated
whether a commonly used measure of insulin resistance
(HOMA) was associated with the metabolic syndrome in the
present study population. As anticipated, the distribution of



Gzoz ‘T Afenuer uo Aq Blio'sfeuinofeye//:dny woly pspeojumod

718 Circulation February 17, 2004
Extent of CAD

% of - e
patients 0 None E Minimal M Significant
100%

80% -

60% -~

40% -~ P < 0.0001

20% -~

Dollﬂ T T
Normal Metabolic Diabetes
Syndrome
(N) (322) (187) (240)

Figure 1. Extent of angiographic CAD at study entry in women
with normal metabolic status (left), those with metabolic syn-
drome and without diabetes (middle), and those with both dia-
betes and metabolic syndrome (right).

HOMA scores was significantly higher in women with the
metabolic syndrome (median 2.2, interquartile range 1.4 to
3.1) than in those with norma metabolic status (median 1.2,
interquartile range 0.7 to 1.9; P<<0.0001). However, whereas
metabolic status predicted 4-year risk of death in a gradient
fashion (normal 2.2%, metabolic syndrome 7%, diabetic
10.6%), no such relationship was observed for the distribu-
tion of HOMA scores (lower tertile 3.4%, middle tertile
1.1%, upper tertile 5.8%).

Discussion

The results of this prospective study demonstrate that
metabolic status is associated with angiographic CAD and
cardiovascular risk in women with suspected myocardial
ischemia. Furthermore, women with the metabolic syn-
drome or diabetes and angiographically significant CAD at
study entry had significantly lower 4-year survival and
event-free survival rates compared with women with
normal metabolic status.

All Patients
Freedom from
Death (%)
100 Mg = = = = — m o o m e e e e

20

The present study supports previous reports suggesting that
the metabolic syndrome is associated with CHD.5 However,
in contrast to previous studies in which the presence of CHD
has been defined by self-report of myocardial infarction or
positive responses to the angina pectoris section of the Rose
Questionnaire, the present study confirmed this association
using angiographic CAD as the definition for CHD. In our
study, there was a trend toward higher prevalence of angio-
graphically significant CAD in women with the metabolic
syndrome compared with women with norma metabolic
status but lower than in women with diabetes. The results
from our study of women referred for coronary angiography
confirm prior reports that suggest that the risk of CHD that is
associated with the metabolic syndrome is intermediate be-
tween that of individuals with normal metabolic status and
that of those with diabetes.

In addition to predicting angiographic CAD, our study
shows that the metabolic syndrome is a predictor of signifi-
cant cardiovascular risk. Previous studies have suggested that
the metabolic syndrome is associated with increased cardio-
vascular and total mortality in predominantly male cohorts.12
The present study confirms this association in an exclusively
female cohort that is stratified by the presence or absence of
significant angiographic CAD. It appears that the risk of
mortality and 4-year MACE increased in a gradient fashion
across the metabolic continuum in our cohort of women, with
women with the metabolic syndrome having intermediate risk
compared with women with diabetes and women with normal
metabolic status. Importantly, 4-year survival and freedom
from MACE were significantly lower in women with the
metabolic syndrome compared with women with normal
metabolic status. However, when subjects were stratified by
the presence or absence of angiographic CAD at study entry,
a different pattern of risk was observed. Specificaly, in
women with significant angiographic CAD at study entry, the
4-year risk of death or MACE was significantly higher in
those with metabolic abnormalities as compared with those
with normal metabolic status. In contrast, in women without
angiographic CAD at study entry, the risk was low and not
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Metabolic Syndrome vs. Normal: P =0.03

70 Metabolic Syndrome vs. Diabetes: P = 0.07

60
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Diabet

{n=242)

Figure 2. Four-year Kaplan-Meier plots
of survival (top) and rates of freedom
from MACE (death, nonfatal myocardial
infarction, stroke, or congestive heart
failure; bottom) by metabolic status at
study entry.

Normal (n=325)
Metabolic Syndrome (n=188)

70 Metabolic Syndrome vs. Normal: P =0.003

Metabolic Syndrome vs. Diabetes: P = 0.03
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Year 1 Year 2 Year 3 Year 4
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significantly different among the 3 different groups. One
possible explanation for these findings is the effect of insulin
resistance on the coronary arteries. It is known that indices of
insulin resistance predict atherosclerosis independently of
other risk factors.’2 The present study confirmed that HOMA
correlates strongly with the metabolic syndrome. However,
our data suggest that the clinical definition of the metabolic
syndrome is a more powerful predictor of adverse cardiovas-
cular events than HOMA, which is a marker of insulin
sensitivity. These findings suggest that insulin resistance may
be the underlying cause of many, but not necessarily all, of
the cardiovascular risks attributed to the metabolic syndrome.

Our findings improve the understanding of the effect of
metabolic abnormalities on cardiovascular risk after stratifi-
cation for the presence or absence of angiographic CAD and
have important clinical implications. First, it appears that
women with the metabolic syndrome who already have
significant CAD are at very high risk of having adverse
cardiovascular outcome. The increased risk approaches the
cardiovascular risk conferred by diagnosed and treated dia-

Patients without Significant CAD

Freedom from

angiographic CAD at study entry (=1
lesion =50% stenosis), 4-year plots of
survival (top) and freedom from MACE
(death, nonfatal myocardial infarction,
stroke, or congestive heart failure; bot-
tom) by metabolic status at study entry.

Normal (n=85)

Metabolic Syndrome (n=62)
Diabetes (n=137)

betes. One possible explanation for this observation is that
metabolic syndrome—associated inflammation may promote
destabilization of preexisting atherosclerotic coronary artery
plaques. Increased levels of inflammatory markers have been
associated with increased cardiovascular events.#11 The met-
abolic syndrome and diabetes are associated with systemic
inflammationt314 and a procoagulant state,’> which could
result in increased propensity to plaque rupture and throm-
bosis'®17 and cardiovascular events.

Second, our study suggests, consistent with published expert
opinions,8 that the absolute risk associated with the metabolic
syndrome is variable. Specifically, we identified that there are
metabolic syndrome patientswho are at very high risk of adverse
cardiovascular outcomes (such as the women with significant
CAD), as well asthose who are at only moderate or moderately
high risk (such as the women with no sgnificant CAD).
However, we fed that regardless of the different pattern of risk
based on the presence or absence of significant CAD in women,
aggressive preventive therapy is warranted in women with
metabolic abnormalities.

Normal (n=237)
Metabolic Syndrome (n=125)

Death (%)

100'%?-—--_-------—---—
20 - Diabet
80 -

Metabolic Syndrome vs. Normal: P =0.65
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MACE (%)
100
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70 Metabolic Syndrome vs. Diabetes: P = 0.26
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(n=103)

Figure 4. Among women without signifi-
cant angiographic CAD at study entry
(no lesion =50% stenosis), 4-year plots
of survival (top) and freedom from MACE
(death, nonfatal myocardial infarction,
stroke, or congestive heart failure) rates
(bottom) by metabolic status at study
entry.

Normal (n=237)
Metabolic Syndrome (n=125)

Diabetes (n=103)
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Study Limitations

The applicability of our results to the general population may be
limited because our study involved a cohort of women with
suspected myocardia ischemia that prompted coronary angiog-
raphy. Furthermore, our subjects tended to be obese, with ahigh
mean body mass index. This finding may explain the observa
tion that levels of inflammatory markersin our study population
were higher than those reported in some, but not al, previous
studies of apparently healthy women.11.1° Although subjects in
the present study tended to be obese, we did not control for body
mass index in the statistical analyses because obesity is a central
component of the definition of the metabolic syndrome. Rather,
analyses were performed to evaluate the effect of the metabolic
syndrome as awhole, not as the sum of its component factors. In
addition, the prevalence of CAD in our population should not be
used as an estimate of the prevalence of CAD in the genera
population because it is probably artificidly high, especially
compared with previous studies that used surrogate markers of
CAD.5 All of our subjects had chest pain and were referred for
coronary angiography, which may have introduced referrd bias.
However, we fed that rather than being a weakness, having
information on the prevaence of angiographic CAD, the “gold
gandard’ to diagnose CAD, is a Sgnificant srength of our study.

Conclusions

This study shows that the prevalence of angiographically
significant CAD and the incidence of MACE increase in a
gradient manner across the continuum of metabolic status
from normal to the metabolic syndrome to diabetes in
women with suspected myocardial ischemia. However, the
influence of metabolic status on cardiovascular risk ap-
pearsto depend on the presence or absence of angiographic
CAD at study entry. In women with angiographically
significant CAD at study entry, the metabolic syndrome
significantly increases the risk of adverse cardiovascular
outcomes, similar in magnitude to the effect of diabetes.

(no CRP, n=274)

(w/CRP, n=213)

No such effect was seen in women without angiographi-
cally significant CAD at study entry. This finding should
be hypothesis generating for future intervention studies
testing different strategies to improve the risk associated
with the metabolic syndrome in women both with and
without angiographically significant CAD.
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