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Abstract

Introduction: We sought to evaluate the ability of various metabolic syndrome definitions in predicting primary
cardiovascular disease (CVD) outcomes in a vast multiethnic U.S. cohort.
Methods: This study included 6,814 self-identified men and women aged 45–84 years enrolled in the Multi-
Ethnic Study of Atherosclerosis (MESA) study. Gender-stratified analyses were performed to calculate hazard
ratios of CVD, stroke, and mortality associated with various metabolic syndrome definitions and their individual
constructs.
Results: The hazard ratios [95% confidence interval (CI)] for all-cause CVD in men were 2.90 (2.18–3.85), 2.64
(1.98–3.51), 2.16 (1.62–2.88), 2.56 (1.91–3.44), 1.82 (1.35–2.46), and 2.92 (2.15–3.95) for the National Cholesterol
Education Program (NCEP), American Heart Association (AHA), World Health Organization (WHO), Inter-
national Diabetes Federation (IDF), European Group for the Study of Insulin Resistance (EGIR), and the newly
defined consensus criteria. Hazard ratios in women were 2.11 (1.41–3.15), 2.17 (1.45–3.27), 2.04 (1.37–3.06), 1.91
(1.27–2.88), 1.85 (1.23–2.79), and 2.08 (1.37–3.14), respectively. Metabolic syndrome was strongly associated with
stroke risk only in males. In men, all constitutive metabolic syndrome components were continuously and
strongly associated with CVD. In women, high-density lipoprotein and triglycerides did not appear to be
associated with short term CVD risk.
Conclusion: We found the newly defined consensus criteria for metabolic syndrome to be similarly predictive of
cardiovascular events when compared to existing definitions. Significant gender differences exist in the asso-
ciation between metabolic syndrome, its individual components, and CVD.

Introduction

Metabolic syndrome has been shown to be associated
with increased cardiovascular disease (CVD) morbid-

ity and mortality in previous studies.1,2 In the last decade,
there has been a deluge of metabolic syndrome defini-
tions proposed by various international bodies, including
the National Cholesterol Education Program (NCEP),3

American Heart Association (AHA),4 World Health Orga-
nization (WHO),5 International Diabetes Federation (IDF),6

European Group for the Study of Insulin Resistance (EGIR),7

and the American Association of Clinical Endocrinologists.
More recently, these bodies met to resolve differences be-
tween definitions and proposed a common consensus met-
abolic syndrome criteria.8 Because the primary utility of
metabolic syndrome in clinical practice is to predict CVD

events, including mortality, the various metabolic syn-
drome definitions are graded by their ability to forecast the
same.

Prior studies have compared definitions in predominantly
homogeneous populations, but little is known about the
prognostic value of the newer ‘‘consensus ‘‘criteria. To our
knowledge, this is the first study to compare and contrast the
newly proposed metabolic syndrome definition in a vast
multiethnic community–based cohort of healthy U.S. adults
with no prior history of CVD.

The aims of this study were to: (1) Ascertain the preva-
lence of and correlation between seven currently used met-
abolic syndrome definitions; (2) assess the ability of these
definitions to predict various cardiovascular end points in a
gender-stratified analysis, the primary end point being
all-cause CVD (CVDA); (3) explore the association between
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individual metabolic syndrome components (introduced as
continuous variables) and various study end points, and
examine how these associations differ by gender.

Methods

Study population

Multi-Ethnic Study of Atherosclerosis (MESA) is a multi-
center, longitudinal cohort study designed to investigate the
risk factors and progression of sudden cardiac arrest (SCA)
in a population free of CVD at baseline. A total of 6,814
asymptomatic, self-identified men and women (52.85%) aged
45–84 years, including Caucasians, Chinese, African Ameri-
cans, and Hispanics, were enrolled between July, 2000, and
August, 2002, from six U.S. communities. Details of the study
design, recruitment, and cohort examination procedures
have been published elsewhere.9 This study was approved
by our Institutional Review Board and performed on the
limited-access dataset of MESA obtained from the National
Heart Lung and Blood Institute.

All participants with baseline measures of waist circum-
ference (WC), body mass index (BMI), blood pressure, fast-
ing blood sugar, serum insulin, triglycerides, high-density
lipoprotein (HDL), and antihypertensive and hypoglycemic
medication use were included in the analysis. A total of 44
subjects with missing information were excluded. Thus, the
final analysis comprised of 6,770 healthy individuals with no
history of CVD.

Data collection

Information about age, gender, ethnicity, and medical and
medication history were obtained using questionnaires.
Smoking and alcohol use was defined as current, previous,
or never use. Total intentional exercise was presented as the
number of MET-hours (metabolic equivalent tasks) per week.
A complete physical exam was performed for anthropo-
metric measurements. This included measurement of the
body mass index (BMI) using the formula weight (kg)/
height2 (mt2). The WC and hip circumference were measured
using a Gulick II anthropometric tape at the level of the
umbilicus and the maximum circumference of buttocks, re-
spectively, with the participant standing. Blood pressure was
measured three times using the Dinamap model Pro 100
automated oscillometric sphygmomanometer (Critikon,
Tampa, FL); the last two measurements were averaged for
analysis. Blood was drawn at the baseline visit to measure the
fasting lipid panel, glucose, and insulin; details of methods
are provided elsewhere.10 The homeostatic model assessment
(HOMA) method was used to quantify insulin resistance (IR)
using the formula11: Insulin (mU/mL) · glucose (mg/dL)/
405. Studies in the past have varied with regard to inclusion
of diabetics. In our primary analysis, we included diabetics,
but repeated secondary analysis after excluding individuals
with clinical diabetes mellitus (n = 677, 10%).

Metabolic syndrome

Seven existing definitions of metabolic syndrome were
used, including the old NCEP,12 AHA,4 WHO,5 IDF,6 EGIR,7

and the recently published consensus criteria8 with IDF or
AHA cutoffs for europids. The last two definitions are re-
ferred to as consensus (Con)-IDF and Con-AHA criteria in
the manuscript. Details have been tabulated in Table 1. It is

worth noting that the IDF and consensus criteria provide a
lower race-specific cutoff for the Chinese (men > 90 cm and
women > 80 cm) compared to higher cutoff for whites and
African Americans (men > 94 cm and women > 80 cm). IDF
also suggests lower cutoffs (90/80 cm) for ethnic Central and
South American populations, but makes no specific recom-
mendation for Hispanics in the United States. Given the
dearth of data for this population, we used these lower
cutoffs for the Hispanics included in this study. The top most
quartile of HOMA (cutoff, 8 mU/L) and fasting insulin
(cutoff, 1.837) in the nondiabetic population were used to
describe IR for the WHO definition and EGIR definition,
respectively. Specific treatment for dyslipidemia associated
with metabolic syndrome was defined as the use of fibrates
or niacin but not statins.

Clinical end point assessment

Participants were contacted by a telephone interviewer
every 9–12 months in addition to the three MESA follow-up
visits to obtain information about hospitalizations, cardio-
vascular events, or deaths. Self-reported end points were
verified by obtaining medical records. In the case of outpa-
tient deaths, next-of-kin interviews were conducted and
death certificates were reviewed. Hospital records were ob-
tained for an estimated 98% of hospitalized cardiovascular
events and 96% of outpatient diagnoses. Clinical end points
used for analysis included: (1) CVDA, a composite of myo-
cardial infarction (MI), resuscitated cardiac arrest (RCA),
definite angina, probable angina (if followed by revascular-
ization), stroke, stroke death, coronary heart disease (CHD)
death, other atherosclerotic and cardiovascular death; (2) all-
cause coronary heart disease (CHDA), including MI, RCA,
definite angina, probable angina, and CHD death; (3) stroke;
and (4) all-cause mortality (ACM).

Statistical analysis

All covariates were tested for normality by visual in-
spection using frequency distribution curves and Q-Q plots.
Normal variables (Table 2) are presented as mean and
standard deviation (SD), and variables with skewed distri-
bution as median and interquartile ranges. Categorical var-
iables, such as the prevalence of various metabolic syndrome
definitions (Table 3), are presented as percentages.

Agreement between the various metabolic syndrome
definitions was determined using the kappa (k) statistic.13

The level of agreement was classified based on the k as fol-
lows: < 0.20 poor, 0.20–0.40 fair, 0.40–0.60 moderate, 0.60–
0.80 substantial, and > 0.80 very good.

All analyses were gender stratified. Effect modification by
race and age (continuous) was examined using interaction
terms. Univariate and multivariate Cox proportional-
hazards regression analyses14 were performed to test the
association between individual metabolic syndrome com-
ponents and cardiovascular outcomes (Table 4). Metabolic
syndrome components were treated as continuous variables,
and hazard ratios (HRs) were calculated for each SD rise in
the component. Confounding variables were identified by a
literature search. Three statistical models were devised to test
the effect of each set of cofounding variables on association
with outcomes: (1) The crude model; (2) model 1 was ad-
justed for demographic factors (age and race), health be-
haviors (smoking and voluntary activity), and socioeconomic
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factors such as income and education which are known
powerful confounders based on previous studies; (3) model 2
was adjusted in addition for the remaining metabolic syn-
drome components, however, there was evidence of multi-
collinearity in this model. Association between metabolic
syndrome definitions and outcomes were tested in a similar
fashion. The final model presented in Table 6 (below) was
adjusted for age, race, income, education, physical activity,
cigarette smoking, and low-density lipoprotein (LDL). Two-
tailed P values < 0.05 were considered statistically sig-
nificant. All statistical procedures were performed using
Statistical Analysis Systems version 9.1 (SAS Institute, Cary,
NC) statistical software package.

Results

Baseline data

The study population consisted of 6,770 healthy individ-
uals (52.78% female). Participants were followed for an av-
erage period of 4.1 years. During this period, a total of 322
CVDA events, 232 CHDA, 89 strokes, and 224 ACM events

were noted. Of these deaths, only 46 (20.5%) were attributed
to cardiovascular causes.

The prevalence of metabolic syndrome in this population,
which also included diabetics, ranged from 24.52% as de-
fined by the EGIR definition to 42.54% according to the
consensus IDF criteria. Gender- and race-stratified preva-
lence of individual metabolic syndrome definitions is pro-
vided in Table 3. It is worth noting that abdominal obesity as
defined by the IDF criteria had a prevalence of 86.87% in
women, whereas the WHO cutoff (based on waist-to-hip
ratio) similarly identified 84.11% of men as centrally obese.
These numbers appear to be higher as compared to previous
studies, but are not surprising given that the mean WCs were
99.31 cm and 97.14 cm in males and females respectively
(Table 2). The higher prevalence of metabolic syndrome as
defined by IDF and the consensus criteria can be explained
by the lower cutoffs for abdominal obesity.

Correlation among metabolic syndrome definitions

Correlational analysis as defined by the k statistic showed
that EGIR and WHO definitions correlated moderately with

Table 3. Gender- and Race-Stratified Prevalence of Various Metabolic Syndrome Definitions

Males Females

Definitions All
All

males Caucasians Chinese
African

American Hispanics
All

females Caucasians Chinese
African

American Hispanics

NCEP 33.10% 29.23% 28.67% 18.86% 29.34% 35.64% 36.56% 31.36% 31.31% 36.72% 48.25%
AHA 37.82% 33.87% 31.79% 33.85% 34.85% 38.97% 40.43% 33.88% 41.99% 41.47% 51.49%
WHO 31.58% 34.13% 27.43% 30.75% 37.96% 43.13% 29.30% 19.73% 26.39% 36.46% 38.03%
EGIR 24.52% 23.21% 22.65% 16.28% 27.90% 33.98% 22.08% 15.52% 16.95% 30.27% 31.31%
IDF 41.22% 39.58% 37.11% 25.84% 39.52% 51.32% 42.68% 35.77% 39.47% 44.29% 54.33%
Con-IDF 42.54% 42.04% 38.04% 33.59% 42.16% 53.40% 42.99% 35.99% 41.89% 44.39% 53.95%
Con-AHA 40.89% 39.51% 31.58% 33.59% 42.16% 53.40% 42.12% 33.70% 41.89% 44.39% 53.95%

NCEP, National Cholesterol Education Program; AHA, American Heart Association; WHO, World Health Organization, IDF, International
Diabetes Federation; EGIR, European Group for the Study of Insulin Resistance; Con, consensus.

Table 2. Baseline Characteristics Stratified by Gender

Characteristic Entire population Males Females

Number (%) 6770 (100%) 3197 (47.22%) 3573 (52.78%)
Age (years) 62.16 (10.23) 62.19 (10.21) 62.12 (10.25)
Smoking 878 (13.01%) 462 (14.5%) 416 (11.68%)
Alcohol 3727 (55.45%) 1996 (62.83%) 1731 (48.84%)
BMI (kg/m2) 28.33 (5.42) 27.86 (4.40) 28.74 (6.16)
Waist circumference (cm) 98.16 (14.39) 99.31 (12.21) 97.14 (16.02)
Hip circumference (cm) 105.61 (11.44) 103.49 (9.15) 107.5 (12.86)
WHR 0.93 (0.08) 0.96 (0.07) 0.90 (0.08)
Exercise ( ‡ 5 MET-h of intentional exercise/week) 70% 72.85% 67.45%
Fasting blood glucose 97.35 (30.24) 100.18 (32.84) 94.83 (27.47)
Fasting insulin (mU/L) 5.4 (3.5–8.5) 5.4 (3.5–8.5) 5.4 (3.6–8.5)
HOMA 1.24 (0.76–2.08) 1.28 (0.80–2.15) 1.21 (0.75–2.03)
Systolic blood pressure 126.59 (21.48) 126.03 (19.32) 127.09 (23.24)
Diastolic blood pressure 71.91 (10.26) 75.03 (9.4) 69.11 (10.19)
Triglyceride levels 131.69 (88.91) 135.47 (95.48) 128.32 (82.45)
HDL level 50.95 (14.83) 45.04 (11.77) 56.24 (15.27)
LDL level 117.20 (31.43) 116.63 (30.93) 117.7 (31.87)
Family history of heart attacks 42.71% 39.21% 45.80%
Income ( > $30,000 a year) 62.55% 69.19% 56.60%
Education ( > high school) 82.92% 83.77% 80.26%

BMI, body mass index; WHR, waist-to-hip ratio; HOMA, homeostasis model assessment for insulin resistance; MET, metabolic equivalent
tasks; HDL, high-density lipoprotein; LDL, low-density lipoprotein.
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other definitions (k= 0.40–0.60). Correlation amongst the re-
maining definitions (AHA, NCEP, IDF, consensus IDF, and
consensus AHA) ranged from 0.69 to 0.98, and in general
ranked in the ‘‘very good’’ range (k > 0.80). The IDF criteria
was strongly associated with the AHA and NCEP criteria
(0.69 and 0.78 in males; 0.85 and 0.93 in females), most likely
secondary to predominance of central obesity in the MESA
cohort. Con-AHA and Con-IDF correlated well with the IDF
criteria in men (0.89, 0.94) and women (0.96, 0.98) and with
the NCEP (0.77 and 0.72 in men; 0.87 and 0.86 in women)
and AHA criteria (0.87 and 0.82 in men; 0.95 and 0.94 in
women).

Outcomes

CVDA/CHDA. CVDA and CHDA trended in the same
direction for a majority of analyses given that CHDA con-
stituted a majority of events in the broader CVDA outcome
and are therefore presented together.

Males. As shown in Table 4, all metabolic syndrome
components including microalbuminuria showed significant
associations with CVDA/CHDA in crude and adjusted an-
alyses. The adjusted risk of CVDA and CHDA rose consis-
tently with each SD rise in WC (29% and 21%), log HOMA
(37% and 32%), triglycerides (12% and 13%), systolic blood
pressure (49% and 31%), and log urine albumin–creatinine
ratio (UAC) (40% and 27%) in men. HDL, on the other hand,
was associated with a 27% and 29% decrease in CVDA and
CHDA risk, respectively, with each SD increase. When ad-
justed in addition for other metabolic syndrome components,
only HDL (inversely), systolic blood pressure (SBP), and log
UAC appeared to be significantly associated with CVDA/
CHDA, whereas WC and log HOMA showed a trend toward

association. However, this model needs to be assessed cau-
tiously because there was evidence of collinearity between
the various components of metabolic syndrome.

As shown in Table 6 (below), AHA, NCEP, IDF, and the
consensus criteria showed similar adjusted HRs with respect
to CVDA and CHDA outcomes [odds ratio (OR) = 2.5–3). The
WHO and EGIR definitions, on the other hand, appeared to
be weaker predictors in comparison.

The unadjusted areas under the curve (AUCs) for CVDA
as defined by the NCEP, AHA, IDF, Con-IDF, and Con-
AHA definitions (0.619, 0.617, 0.613, 0.626, and 0.624, re-
spectively) were similar to each other but significantly
higher than the WHO, EGIR-defined metabolic syndrome
(0.595, 0.562). Likewise, the AUCs for CHDA were similarly
lower for WHO-metabolic syndrome and EGIR-metabolic
syndrome.

Females. In contrast to men, triglycerides and HDL did not
appear to be associated with CVDA or CHDA; even when
trends were observed, the effect sizes were modest at best.
The risk of CVDA and CHDA rose considerably with each
SD rise in WC (25% and 25%), log HOMA (26% and 28%),
SBP (38% and 24%), and log UAC (40% and 27%). In the final
model, when adjusted for all components of metabolic syn-
drome, only SBP and log UAC appeared to be significantly
associated with CVDA/CHDA (Table 5).

In women, metabolic syndrome appeared to be less
predictive of CVDA (adjusted HR, 1.85–2.20) and CHDA
(adjusted HR, 1.63–2.43) as compared to men (Table 6).
EGIR-metabolic syndrome was least predictive of both
CVDA and CHDA in women. The unadjusted AUCs for the
NCEP, AHA, WHO, IDF, Con-IDF, and Con-AHA defini-
tions in females were not statistically different (0.609, 0.619,
0.607, 0.605, 0.612, and 0.612, respectively), but were

Table 4. Hazard Ratios of Various Clinic Outcomes in Males Associated for Each Standard

Deviation Increase in Individual Tenets of the Metabolic Syndrome Definition

CVD (N = 206) CHD (N = 164) Stroke (N = 40) Mortality (N = 130)

Waist circumference (crude) 1.29 (1.11–1.51){ 1.21 (1.02–1.44)* 1.51 (1.10–2.06){ 1.06 (0.87–1.29)
Model 1 1.29 (1.11–1.50){ 1.21 (1.02–1.45)* 1.50 (1.09–2.07)* 0.93 (0.74–1.17)
Model 2 1.15 (0.97–1.36) 1.11 (0.91–1.34) 1.37 (0.95–1.97) 0.93 (0.73–1.19)

Log HOMA (crude model) 1.33 (1.17–1.52){ 1.32 (1.14–1.52){ 1.55 (1.16–2.06){ 1.02 (0.85–1.21)
Model 1 1.37 (1.20–1.57){ 1.34 (1.15–1.56){ 1.56 (1.16–2.09){ 1.00 (0.83–1.2)
Model 2 1.18 (1.00–1.40) 1.19 (0.99–1.44) 1.25 (0.87–1.79) 1.03 (0.82–1.29)

Triglycerides (crude model) 1.09 (1.01–1.18)* 1.1 (1.01–1.19)* 1.10 (0.94–1.30) 0.90 (0.74–1.10)
Model 1 1.12 (1.05–1.20){ 1.13 (1.05–1.21){ 1.14 (0.96–1.34) 1.01 (0.85–1.21)
Model 2 1.06 (0.96–1.17) 1.07 (0.97–1.18) 1.08 (0.86–1.36) 1.03 (0.86–1.24)

HDL (crude model) 0.79 (0.65–0.95)* 0.76 (0.61–0.95)* 0.82 (0.54–1.26) 1.10 (0.90–1.36)
Model 1 0.73 (0.60–0.88){ 0.71 (0.57–0.89){ 0.78 (0.51–1.20) 1.00 (0.81–1.25)
Model 2 0.81 (0.65–0.99)* 0.77 (0.61–0.98)* 0.94 (0.61–1.47) 1.00 (0.78–1.27)

Systolic blood pressure (crude) 1.65 (1.45–1.88){ 1.46 (1.25–1.70){ 2.44 (1.87–3.18){ 1.37 (1.15–1.63){

Model 1 1.49 (1.29–1.71){ 1.31 (1.11–1.55){ 2.17 (1.63–2.90){ 1.05 (0.87–1.26)
Model 2 1.45 (1.25–1.68){ 1.29 (1.09–1.53){ 2.05 (1.52–2.77){ 1.05 (0.87–1.27)

Log UAC (crude model) 1.48 (1.35–1.63){ 1.36 (1.21–1.52){ 1.86 (1.57–2.21){ 1.54 (1.38–1.73){

Model 1 1.40 (1.26–1.55){ 1.27 (1.12–1.44){ 1.77 (1.47–2.13){ 1.37 (1.20–1.56){

Model 2 1.26 (1.12–1.41){ 1.15 (1.00–1.32)* 1.49 (1.21–1.84){ 1.37 (1.20–1.56){

Model 1, race, age, cigarette smoking ( current, ever, never), exercise ( > 5 METS/h every week), income and education; model 2, model 1 +
other metabolic syndrome components (WC, HOMA, HDL, Trig, SBP).

*P < 0.05.
{P < 0.01.
{P < 0.001.
CVD, all cardiovascular disease events; CHD, all coronary heart disease events; UAC, urine albumin–creatinine ratio; MET, metabolic

equivalent; WC, waist circumference; HOMA, homeostasis model assessment; HDL, high-density lipoprotein; Trig, triglycerides; SBP,
systolic blood pressure.
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uniformly higher than EGIR-metabolic syndrome (0.575).
AUCs for CHDA followed a similar trend.

Stroke. Males. The adjusted risk of stroke rose signifi-
cantly with each SD rise in WC (50%), log HOMA (56%),
SBP (117%), and log UAC (77%) (Table 4). The wider con-

fidence intervals seen reflect the relatively smaller number
of events noted in the population. When adjusted for all
metabolic syndrome components together in the final
model, only SBP and abdominal obesity showed a trend
toward association. In men, stroke risk was predicted to a

Table 5. Hazard Ratios of Various Clinic Outcomes in Females Associated for Each Standard

Deviation Increase in Individual Tenets of the Metabolic Syndrome Definition

CVD (N = 116) CHD (N = 68) Stroke (N = 49) Mortality (N = 94)

Waist circumference (crude) 1.29 (1.11–1.51){ 1.30 (1.07–1.58){ 1.24 (0.98–1.57) 1.17 (0.99–1.40)
Model 1 1.25 (1.05–1.49)* 1.25 (1.00–1.57)* 1.13 (0.85–1.50) 1.19 (0.97–1.46)
Model 2 1.18 (0.98–1.43) 1.19 (0.93–1.52) 1.03 (0.76–1.41) 1.16 (0.94–1.45)

Log HOMA (crude model) 1.28 (1.08–1.53){ 1.29 (1.02–1.62)* 1.32 (1.01–1.73)* 1.18 (0.97–1.44)
Model 1 1.26 (1.04–1.53)* 1.28 (1.00–1.65) 1.33 (1.00–1.79)* 1.14 (0.92–1.41)
Model 2 1.11 (0.88–1.40) 1.14 (0.84–1.55) 1.26 (0.88–1.81) 1.06 (0.82–1.37)

Triglycerides (crude model) 1.10 (0.96–1.27) 1.12 (0.95–1.32) 1.10 (0.89–1.35) 0.97 (0.77–1.22)
Model 1 1.13 (0.94–1.34) 1.17 (0.96–1.42) 1.18 (0.88–1.57) 0.94 (0.72–1.23)
Model 2 1.07 (0.85–1.35) 1.15 (0.90–1.46) 1.08 (0.74–1.58) 0.84 (0.61–1.17)

HDL (crude model) 0.88 (0.73–1.06) 0.93 (0.74–1.19) 0.83 (0.62–1.12) 0.90 (0.74–1.11)
Model 1 0.85 (0.69–1.04) 0.87 (0.67–1.14) 0.82 (0.60–1.14) 0.91 (0.73–1.14)
Model 2 0.92 (0.73–1.16) 0.99 (0.74–1.32) 0.89 (0.62–1.27) 0.90 (0.70–1.17)

Systolic blood pressure (crude model) 1.69 (1.47–1.95){ 1.48 (1.22–1.80){ 1.91 (1.55–2.36){ 1.40 (1.18–1.65)
Model 1 1.38 (1.17–1.63){ 1.24 (0.99–1.56) 1.48 (1.15–1.91){ 1.10 (0.91–1.33)
Model 2 1.36 (1.15–1.61){ 1.19 (0.95–1.50) 1.48 (1.14–1.91){ 1.10 (0.90–1.33)

Log UAC (crude model) 1.61 (1.41–1.85){ 1.56 (1.30–1.87){ 1.70 (1.40–2.07){ 1.75 (1.52–2.01){

Model 1 1.44 (1.23–1.69){ 1.42 (1.15–1.74){ 1.51 (1.20–1.89){ 1.57 (1.33–1.84){

Model 2 1.31 (1.11–1.55){ 1.33 (1.06–1.66)* 1.33 (1.04–1.71)* 1.62 (1.36–1.94){

Model 1, race, age, cigarette smoking (current, ever, never), exercise ( > 5 METS/h every week), income, and education; model 2, model 1 +
other metabolic syndrome components (WC, HOMA, HDL, Trig, SBP).

*P < 0.05.
{P < 0.01.
{P < 0.001.
CVD, all cardiovascular disease events; CHD, all coronary heart disease events; UAC, urine albumin–creatinine ratio; MET, metabolic

equivalent; WC, waist circumference; HOMA, homeostasis model assessment; HDL, high-density lipoprotein; Trig, triglycerides; SBP,
systolic blood pressure.

Table 6. Gender-Stratified Multivariate Hazard Ratios of Clinical Outcomes

for Various Metabolic Syndrome Definitions

CVD (n = 206) CHD (n = 164) Stroke (n = 40) Mortality (n = 130)

Males N HR (95% limits) N HR (95% limits) N HR (95% limits) N HR (95% limits)

NCEP 106 2.90 (2.18–3.85)*** 84 2.87 (2.08–3.96)*** 22 2.96 (1.58–5.56)** 50 1.40 (0.96–2.03)
AHA 110 2.64 (1.98–3.51)*** 87 2.61 (1.89–3.60)*** 23 2.74 (1.45–5.17)** 53 1.29 (0.89–1.87)
WHO 107 2.16 (1.62–2.88)*** 82 1.99 (1.44–2.76)** 25 3.04 (1.58–5.85)** 57 1.23 (0.85–1.77)
IDF 125 2.56 (1.91–3.44)*** 97 2.37 (1.71–3.30)*** 28 3.51 (1.76–7.00)** 68 1.50 (1.04–2.16)**
EGIR 77 1.82 (1.35–2.46)** 61 1.80 (1.28–2.52)** 17 2.16 (1.14–4.10)* 41 1.20 (0.81–1.79)
Con–IDF 135 2.92 (2.15–3.95)*** 107 2.88 (2.05–4.04)*** 29 3.55 (1.75–7.18)** 68 1.35 (0.94–1.95)
Con–AHA 129 2.92 (2.16–3.93)*** 101 2.80 (2.01–3.92)*** 29 3.96 (1.95–8.05)*** 63 1.29 (0.89–1.87)

Females N CVDA (n = 116) N CHDA (n = 68) N Stroke (n = 49) N Mortality (n = 94)

NCEP 67 2.11 (1.41–3.15)*** 41 2.43 (1.43–4.16)** 26 1.65 (0.90–3.00) 36 0.89 (0.58–1.39)
AHA 72 2.17 (1.45–3.27)*** 43 2.46 (1.43–4.25)** 29 1.74 (0.95–3.18) 38 0.85 (0.55–1.31)
WHO 58 2.04 (1.37–3.06)** 34 2.17 (1.27–3.70)** 25 1.98 (1.08–3.62)* 35 1.03 (0.65–1.61)
IDF 73 1.91 (1.27–2.88)** 43 2.10 (1.21–3.62)** 30 1.59 (0.87–2.92) 38 0.70 (0.45–1.08)
EGIR 44 1.85 (1.23–2.79)** 24 1.66 (0.96–2.88) 19 1.81 (0.97–3.38) 27 1.20 (0.75–1.94)
Con–IDF 75 2.08 (1.37–3.14)** 45 2.45 (1.40–4.29)** 30 1.57 (0.86–2.89) 40 0.76 (0.49–1.17)
Con–AHA 74 2.10 (1.39–3.18)** 44 2.41 (1.39–4.20)** 30 1.67 (0.90–3.07) 40 0.79 (0.51–1.22)

*P < 0.05.
**P < 0.01.
***P < 0.0001.
Analysis is adjusted for age, race, income, education, activity, cigarette smoking, low-density lipoprotein cholesterol. N = number of index

events in the metabolic syndrome group.
CVD, all cardiovascular disease events; CHD, all coronary heart disease events; HR, hazard ratio; NCEP, National Cholesterol Education

Program; AHA, American Heart Association; WHO, World Health Organization, IDF, International Diabetes Federation; EGIR, European
Group for the Study of Insulin Resistance; Con, consensus.
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similar extent by all metabolic syndrome definitions
(OR = 3—4) except for EGIR, which exhibited a weaker as-
sociation (HR, 2.16) (Table 6).

Females. Each SD increase in log HOMA, SBP, and log
UAC was associated with a 33%, 48%, and 51% increase in
strokes, respectively (Table 5). When adjusted for other
metabolic syndrome components, only SBP and log UAC
were noted to be associated with stroke. Stroke in females
was best predicted by the WHO (HR, 1.98) definition in this
study (Table 6).

Mortality. IDF-metabolic syndrome alone was associated
with a modest but significant increase in risk of death in
males (HR, 1.50). None of the usual metabolic syndrome
components or definitions appeared to be associated with an
increased risk of ACM in males or females in this study. It is
noteworthy that microalbuminuria, which is a basic tenet of
the WHO criteria, was associated strongly with all outcomes
including ACM (irrespective of gender), even after being
adjusted for other metabolic syndrome components.

Discussion

The data presented here allow us to draw the following
conclusions in a gender-stratified, healthy multiethnic U.S.
population:

1. The newer consensus criteria (Con-IDF and Con-AHA)
correlate very well with IDF and AHA criteria, sub-
stantially with the NCEP criteria, and moderately with
the EGIR and WHO criteria in both genders.

2. In men, all constitutive metabolic syndrome compo-
nents are continuously and strongly associated with
CVDA/CHDA on multivariate analyses. In women, on
the other hand, HDL and triglycerides did not appear to
be associated with short-term CVDA/CHDA risk.

3. Stroke risk in men is continuously associated with WC,
insulin resistance, and SBP. In women, this association
was noted only with insulin resistance and SBP.

4. Metabolic syndrome or any of its usual components
were not associated with an adjusted risk of short-term
all-cause mortality in either gender. The only exception
to this observation was the IDF definition in men.

5. Regardless of gender, microalbuminuria was continu-
ously and strongly associated with CVDA, CHDA,
stroke, and ACM.

6. All metabolic syndrome definitions, including the con-
sensus criteria, are more or less similarly associated
with a higher risk of CVDA and CHDA outcomes in
both genders, except the EGIR and WHO definition in
males and EGIR alone in females, which were less
predictive of events. Metabolic syndrome was noted to
be strongly associated with risk of stroke only in
males; a weaker but significant association with WHO-
metabolic syndrome was noted in women.

Prevalence of metabolic syndrome

Our study noted a higher prevalence of metabolic syn-
drome as compared to prior population-based studies.15,16

A previous study using the National Health and Nutrition
Examination Survey (NHANES) data (1988–1994), noted a
prevalence (NCEP-metabolic syndrome) of 21.8% and
23.7% in males and females, respectively, much lower than
the 29.23% and 36.56% noted in the MESA cohort. The

higher prevalence can be explained by the relatively older
population studied and the increasing trends in obesity and
WC in the U.S. population.17,18 In fact, the average WCs
noted in our study are similar to the NHANES data for the
year 2001–2002.18 It is also interesting to note that the
prevalence of metabolic syndrome was higher in females in
comparison to males in this study. Previous population-
based studies have shown a slightly higher prevalence of
metabolic syndrome in males. Studies have shown that
obesity has risen rapidly in females over the past decade,
with a 61% rise in obesity incidence between 1991 and
2000.19 The NHANES data for 1999–2001 showed an in-
crease prevalence of metabolic syndrome in females.20

Therefore, the higher prevalence might be indicative of a
nationwide obesity epidemic affecting females dispropor-
tionately. The higher prevalence of metabolic syndrome in
Hispanics, as noted our study, has been previously re-
ported.20,21 The Con-IDF criteria were associated with the
highest prevalence of metabolic syndrome.

Correlation between definitions

The agreement between metabolic syndrome definitions
noted in this study is higher as compared to prior studies.
The agreement between the serum insulin/HOMA-based
WHO/EGIR criteria and the NCEP/AHA/IDF criteria
(which do not require serum insulin/HOMA measurements)
was somewhat higher in comparison to previous studies by
Dekker et al.22 and Lin et al.23 performed in predominantly
white and Chinese populations, respectively. The newer
consensus criteria appeared to have excellent correlation
with other existing definitions in this multiethnic sample.
Correlation between definitions was typically better in fe-
males as compared with males, which is not surprising given
that the cutoff for central obesity in females has been defined
as a WC of 80 cm irrespective of race for a majority of met-
abolic syndrome definitions due to a dearth of race-specific
literature.

Gender differences in outcomes

The adjusted association between metabolic syndrome
and CVDA/CHDA appeared to be somewhat stronger in
males as compared with females. Studies have been divided
with regard to gender differential in the association between
metabolic syndrome and outcomes. Some have shown a
stronger association in males,24 whereas others in females,25

and yet others have reported a comparable risk of CVD in
both genders.22,26 The meta-analysis of seven population-
based studies by Gami et al investigated gender disparities in
metaboic syndrome and noted a higher risk associated with
metabolic syndrome in women compared to men [relative
risk (RR) 2.63 vs. 1.98, P = 0.09).27 However, the majority of
included studies analyzed homogeneous populations except
for the Atherosclerosis Risk in Communities (ARIC) study,
which included a higher number of minorities. Metabolic
syndrome, irrespective of definition, was more strongly as-
sociated with stroke in men in our study. On the other hand,
only the WHO criteria were weakly predictive of stroke in
females. This is in contrast to the Framingham offspring
study, where both men and women with metabolic syn-
drome ran a higher risk of stroke, with a stronger association
noted in women.28
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Metabolic syndrome components

It is interesting to note that two of the five metabolic
syndrome components (triglycerides and HDL) were not
predictive of CVDA/CHDA events in females. This contrasts
with the findings of the British Women’s Heart and Health
Study, in which all components were associated with CVDA/
CHDA events.29 HDL and triglycerides did not predict stroke
risk in the MESA cohort; these findings are similar to the
Northern Manhattan Cohort Study (NOMAS), which inves-
tigated an identical population without history of CVD and
did not find an association with baseline lipids.30 This may be
explained in part by the use of lipid-lowering drugs in the
population, as suggested by the NOMAS investigators.

Abdominal obesity, insulin resistance, and hypertension,
on the other hand, are well-known risk factors for stroke.31–34

In our study, however, WC was found to be a predictor of
stroke in males but not in females when adjusted for other
risk factors.

Comparison of definitions in relation to outcomes

The San Antonio Heart Study, a large multiethnic pro-
spective study, noted that the NCEP, IDF, and WHO criteria
defined similar risks for CVD outcomes.21 The Hoorn study
investigators, on the other hand, noted that the HRs of fatal
and nonfatal CVD as defined by the EGIR and WHO criteria
were slightly lower in comparison to the NCEP definition. In
the present study, all metabolic syndrome definitions that do
not require measurement of IR (NCEP, AHA, IDF, and
consensus criteria) appear to be equally good at predicting
CVDA/CHDA.22 The EGIR definition, on the other hand,
showed weak associations with all outcomes in both gen-
ders, whereas the WHO definition showed strong associa-
tions with CVDA, CHDA, and stroke in women but weaker
associations in men. The recently proposed consensus criteria
appear to perform at least as well at predicting CVDA,
CHDA, and stroke events in comparison to existing definitions.

The San Antonio Heart Study investigators noted that
all-cause mortality was predicted significantly by NCEP-
metabolic syndrome (HR, 1.47) but not WHO-metabolic
syndrome.21 The meta-analysis by Gami et al., which in-
cluded 36 studies, showed a 60% increase in deaths associ-
ated with metabolic syndrome.27 In contrast to prevalent
data, none of the metabolic syndrome definitions (except IDF
in men) appeared to be predictive of short-term mortality in
our study. A previous study by Sundstrom et al. showed that
the mortality differential associated with metabolic syn-
drome became apparent only after a period of 10–15 years of
follow up.35 Therefore, the weak association noted might
plausibly be due to the relatively short follow-up in this
study (4.1 years).

Finally, the Botnia and Framingham offspring study
investigators noted a two-fold increase in risk of stroke in
individuals with metabolic syndrome.26,28 In a gender-
stratified analysis, the ARIC study investigators noted a 96%
increase in risk of stroke in women and a significant but
lower risk of in men with metabolic syndrome (42% in-
crease). In contradistinction, our study noted a three- to four-
fold higher risk of stroke in men, whereas in women, only
the WHO criteria significantly predicted stroke risk (HR,
1.98, 1.08–3.62). This finding probably reflects the inclusion
of microalbuminuria in WHO criteria, a parameter strongly
associated with stroke in our study.

Limitations and strengths

Potential limitations of our study include the relatively
small number of cardiovascular events in our study cohort,
resulting in wider confidence intervals for outcomes such as
stroke. With accrual of additional events, these associations
will likely strengthen and become more evident. Likewise,
the small number of events also limits our ability to make
race-specific recommendations. Studies on metabolic syn-
drome in the past have been varied with regard to inclusion
or exclusion of diabetics from the study population. In this
analysis, we did not exclude individuals with clinical diag-
nosis of diabetes, because our primary aim was to compare
the predictive value of existing and newer metabolic syn-
drome definitions with respect to cardiovascular risk, re-
gardless of diabetic status, in an attempt to broaden clinical
applicability to a community-based population.

The comprehensive head-to-head comparative assessment
of all existing definitions of metabolic syndrome vis-a-vis
cardiovascular risk in a large, multiethnic, representative
U.S. population may be viewed as a strength of our study.
The Northern Manhattan and San Antonio Heart Study
populations comprised a sizeable number of Hispanics, but
did not include Chinese. The availability of all parameters
required to define metabolic syndrome using various criteria,
the minimal attrition, and reliable definition of study end
points are other important assets of this study.

Conclusions

In this large multiethnic community-based population, we
found the newly defined consensus criteria for metabolic
syndrome to be equally predictive of cardiovascular events
when compared to existing definitions. We also noted im-
portant gender differences in the association between meta-
bolic syndrome definitions/components and cardiovascular
outcomes.
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