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Abstract

Background and Purpose—More than 47 million individuals in the United States meet the
criteria for the metabolic syndrome. The relation between the metabolic syndrome and stroke risk in
multiethnic populations has not been well characterized.

Methods—As part of the Northern Manhattan Study, 3298 stroke-free community residents were
prospectively followed up for a mean of 6.4 years. The metabolic syndrome was defined according
to guidelines established by the National Cholesterol Education Program Adult Treatment Panel I11.
Cox proportional-hazards models were used to calculate hazard ratios (HRs) and 95% Cls for
ischemic stroke and vascular events (ischemic stroke, myocardial infarction, or vascular death). The
etiologic fraction estimates the proportion of events attributable to the metabolic syndrome.

Results—More than 44% of the cohort had the metabolic syndrome (48% of women vs 38% of

men, P<0.0001), which was more prevalent among Hispanics (50%) than whites (39%) or blacks

(37%). The metabolic syndrome was associated with increased risk of stroke (HR=1.5; 95% Cl, 1.1
to 2.2) and vascular events (HR=1.6; 95% Cl, 1.3 to 2.0) after adjustment for sociodemographic and
risk factors. The effect of the metabolic syndrome on stroke risk was greater among women (HR=2.0;
95% Cl, 1.3 to 3.1) than men (HR=1.1; 95% Cl, 0.6 to 1.9) and among Hispanics (HR=2.0; 95% ClI,
1.2 to 3.4) compared with blacks and whites. The etiologic fraction estimates suggest that elimination
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of the metabolic syndrome would result in a 19% reduction in overall stroke, a 30% reduction of
stroke in women; and a 35% reduction of stroke among Hispanics.

Conclusions—The metabolic syndrome is an important risk factor for ischemic stroke, with
differential effects by sex and race/ethnicity.
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The metabolic syndrome is a highly prevalent constellation of vascular risk factors, including
elevated blood pressure, elevated blood glucose, obesity, and dyslipidemia. Since Reavenl
first described the metabolic syndrome in 1983, attempts have been made to reach a consensus
on its definition.1=3 The National Cholesterol Education Program Adult Treatment Panel 111
guidelines for the metabolic syndrome have become the most widely used definition because
of its ease of use and relation to increased risk of coronary artery disease.3

Data from the National Health and Nutrition Examination Survey 111 estimate that >47 million
persons in the United States have the metabolic syndrome.4 The metabolic syndrome is
associated with increasing risk of cardiovascular morbidity and mortality, with risk estimates
ranging from 1.4 to 4.5.5-13 The risk of stroke associated with the metabolic syndrome is less
well established, with few prospective cohort studies including ischemic stroke as a rigorously
defined outcome measure. In the prospective Framingham cohort, both diabetes and the
metabolic syndrome were powerful risk factors, with a 10-year risk of ischemic stroke
associated with diabetes of 14% in men and of 10% in women compared with 8% and 6% in
nondiabetic men and women, respectively, with the metabolic syndrome alone.12 Women and
minorities have a high prevalence of the metabolic syndrome and may be particularly
vulnerable to vascular risks.13 In the Atherosclerosis Risk in Communities study, the metabolic
syndrome was a significantly greater stroke risk factor for women than men.14 However, there
remains a paucity of data from prospective population-based cohorts examining the relation
between the metabolic syndrome and ischemic stroke by sex and race/ethnicity. The aim of
this study was to investigate the relation between the metabolic syndrome and risk of ischemic
stroke and vascular events in an urban community—based, multiethnic, prospective cohort.

Subjects and Methods

The Northern Manhattan Study (NOMAS) is a prospective, population-based, cohort study
documenting stroke incidence, risk factors, and prognosis in a multiethnic urban community.
Based in northern Manhattan, an area of <260 000 people with 104 000 >39 years of age, this
study has a unique race/ethnic distribution of ~63% Hispanic, 20% black, and 15% white
residents. NOMAS is strongly representative of the underlying ethnic mix in this community.
Methodfslogy for the NOMAS study has been described previously and will be summarized
briefly.

Selection of Prospective Cohort

A total of 3298 subjects were recruited and enrolled between 1993 and 2001. Participants were
eligible if they (1) had never been diagnosed with an ischemic stroke, (2) were >40 years old,
and (3) resided for at least 3 months in a household with a telephone in northern Manhattan.
Subjects were identified by random-digit dialing, and interviews were conducted by trained
bilingual interviewers.16 The telephone response rate was 91% (9% refused to be screened).
This study was approved by the local governing institutional review board, and written consent
was obtained.
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Baseline Evaluation

Subjects were recruited from the telephone sample to have an in-person baseline interview and
assessment. The enrollment response rate was 75%, with an overall response rate of 68%
(telephone responsexenrollment response). Standardized questions were adapted from the
validated Centers for Disease Control and Prevention Behavioral Risk Factor Surveillance
System.17 We have published our findings on the validity of these questions in the northern
Manhattan cohort.18

Definition of Race/Ethnicity

Race and ethnicity were defined by self-identification based on a series of interview questions
modeled after the US census. Race was mutually exclusive and defined by 6 categories: “white,
black, Indian (American), Eskimo, Asian or Pacific Islander, and other.” Ethnicity was
subdivided as Hispanic or non-Hispanic based on the answer to the question: “Are you of
Spanish/Hispanic origin?” Race/ethnic groupings were mutually exclusive. All participants
responding affirmatively to being of Spanish origin or identifying themselves as Hispanic were
classified as Hispanic.

Definition and Assessment of Components of the Metabolic Syndrome

The Adult Treatment Panel I11 definition of the metabolic syndrome includes 3 or more of the
following: (1) fasting blood glucose >100 mg/dL; (2) elevated blood pressure, ie, >130/80 mm
Hg or a history of hypertension; (3) HDL cholesterol of <40 mg/dL for men and <50 mg/dL
for women; (4) triglycerides >150 mg/dL; or (5) a waist circumference of >40 inches for men
and >35 inches for women.< Participants reporting a definite history of diabetes were included
if they met the other criteria for the metabolic syndrome. Serum glucose was measured by
standard techniques, and HDL and triglyceride measurements were performed on plasma
samples as described previously.1

Covariate Definitions

Smoking was categorized as non, former, and current smoker. Moderate alcohol use was
defined as current drinking of >1 drink per month and <2 drinks per day. Cardiac disease was
defined as a history of angina, myocardial infarction (MI), coronary artery disease including
surgery, atrial fibrillation, or valvular heart disease. Physical activity was defined as engaging
in leisure activity during the past 10 days before enrollment. Social resources were defined by
educational level and health insurance status. Health insurance was separated into 3 mutually
exclusive groups: (1) individuals who had Medicaid or Medicaid/Medicare or no other
insurance, (2) individuals who had private insurance or private/Medicare insurance, and (3)
individuals with Medicare only (reference group). We combined the no-insurance group with
the Medicaid group based on similar risk ratio behavior in these groups, as well as the very
low prevalence (7%) of noninsured persons in this cohort.

Annual Prospective Follow-Up

Subjects were screened annually by telephone to determine any change in vital status, detect
neurologic and cardiac symptoms and events, review interval hospitalizations, and review risk
factor status, medication changes, and changes in functional status. The telephone interview
simple stroke screening tool (The screening question was “Since your last visit, have you been
diagnosed with a stroke?”) had a sensitivity of 92% and specificity of 95% when compared
with a clinical diagnosis of stroke, which included a review of medical records, physician
examination, and imaging when necessary. Subjects and family were continually reminded to
notify us in the event of stroke, MI, or death. Persons with positive screens were scheduled for
an in-person assessment, including chart review and examination by the study neurologists.
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Ongoing hospital surveillance of admission and discharge International Classification of
Diseases-9 codes provided current data on mortality and morbidity.

Outcome Classifications (Stroke, MI, and Vascular Death)

For these analyses, we had 2 outcome measures: first ischemic stroke and first vascular event,
defined as either first ischemic stroke, first MI, or vascular death. Ischemic stroke was defined
by World Health Organization criteria. Ischemic stroke subjects underwent standard diagnostic
tests, including brain imaging, that were used to confirm ischemic stroke subtype. All
hospitalizations were reviewed to verify details of any suspected events. More than 70% of
ischemic stroke cases were hospitalized at the Columbia University Medical Center. Two
neurologists classified the ischemic strokes independently after review of all data.

Other vascular outcomes included MI and vascular death. M1 was defined by criteria adapted
from the Lipid Research Clinics Coronary Primary Prevention Trial?0 and required at least 2
of the 3 following criteria: (1) ischemic cardiac pain determined to be typical angina, (2) cardiac
enzyme abnormalities defined as abnormal creatine phosphokinase-MB fraction or troponin
values, and (3) ECG abnormalities. For subjects who died, the date of death was recorded,
along with cause of death. Deaths were classified as vascular or nonvascular based on
information obtained from the family, physician, medical record, and death certificate. Causes
of vascular death included ischemic stroke, MI, heart failure, pulmonary embolus, cardiac
arrhythmia, and other vascular causes. Deaths were reviewed and validated by our team of
study cardiologists and neurologists.

Statistical Analyses

Results

The prevalence of sociodemographic characteristics, conventional vascular risk factors, and
other baseline variables was calculated. Age, sex, race/ethnicity, education, and insurance
status were considered sociodemographic factors. We included cardiac disease, smoking,
physical inactivity, and alcohol consumption as confounding vascular risk factors. A Kaplan—
Meier curve capturing survivors free of ischemic stroke was estimated. Cox proportional-
hazards regression models examined the association between the metabolic syndrome and
incidence of events after adjusting for other confounding factors. Time to first event was
analyzed as outcome with censoring at the time to either a nonvascular event or last follow-
up. Stratified analyses were performed by race/ethnicity and sex.

The adjusted etiologic fraction (EF) due to the metabolic syndrome was estimated for outcome
events, overall and by sex and race/ethnicity. Statistical analyses were performed with SAS
(version 8.2). The EF estimates the proportion of events (ie, stroke, vascular outcomes) that
could be reduced if a particular risk factor (ie, metabolic syndrome) could be eliminated. Our
goal in estimating the EF for the metabolic syndrome was to provide a public health impact
factor for this syndrome with regard to risk of stroke.

A cohort of 3298 community residents was enrolled. The mean age at baseline was 69+10
years; 63% were women; and 21% were white, 24% were black, and 53% were Hispanic (Table
1). More than 44% of the cohort met the criteria for the metabolic syndrome (48% of women
vs 38% of men, P<0.0001; Table 2). The metabolic syndrome was more prevalent among
Hispanics (50%) than whites (39%) or blacks (37%, P=0.003). Among the components of the
metabolic syndrome, women were more likely than men to be obese (defined by waist
circumference, P=0.03). Hispanics had lower HDL levels than blacks or whites (P=0.001), and
Hispanics and whites had higher triglycerides than blacks (P=0.05).
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Incidence of Ischemic Stroke and Vascular Outcomes

Of the 3298 enrolled in the baseline cohort, 4 were lost to follow-up. The median follow-up
was 6.4 years and maximum follow-up was 12 years. We detected 176 incident ischemic
strokes, 157 Mls, and 282 vascular deaths. Figure 1 illustrates the Kaplan—Meier survival curve
for ischemic stroke and baseline metabolic syndrome. This figure includes only members of
the cohort eligible for follow-up. Participants who died or were not yet eligible for a particular
follow-up were not included in the “at-risk” numbers. The metabolic syndrome was
significantly associated with increased risk of ischemic stroke (HR=1.5; 95% Cl, 1.1 to 2.2,
P<0.03) as well a vascular event (HR=1.6; 95% ClI, 1.3 to 2.0, P<0.005) after adjusting for
age, race/ethnicity, sex, education, insurance status, physical inactivity, cardiac disease, and
current smoking (Table 3). In the multivariable model stratified by sex, the effect of the
metabolic syndrome on ischemic stroke risk was greater among women (HR=2.0; 95% ClI, 1.3
to 3.1, P<0.003) than men (HR=1.1; 95% Cl, 0.6 to 1.9, P<0.67; sex interaction <0.002; Table
3). In adjusted stratified models, the metabolic syndrome conferred a greater ischemic stroke
risk on Hispanics (HR=2.0; 95% CI, 1.2 to 3.4) than either blacks (HR=1.3; 95% Cl, 0.7 to
2.3) or whites (HR=1.3; 95% Cl, 0.6 to 2.5). The sexxmetabolic syndrome interaction was not
included in these stratified models as the interaction term was not significant, likely due to
decreased power.

The overall EF of the metabolic syndrome was similar for ischemic stroke (19%) and vascular
events (22%, Table 3). The metabolic syndrome accounted for 30% of all ischemic strokes
among women compared with 4% among men. The impact of the metabolic syndrome differed
by race/ethnicity: the EF for Hispanics was 35% compared with 8% for blacks and 4% for
whites. Figure 2 compares the HR and EF for the metabolic syndrome and its components
separately.

Discussion

In this multiethnic, prospective, population-based cohort study, we found a significant
association between the metabolic syndrome and ischemic stroke risk, independent of other
confounding factors including age, education, physical activity, alcohol use, and current
smoking. These are important findings, because the relation between the metabolic syndrome
and ischemic stroke in multiethnic populations has not been well characterized. In 1 study, the
metabolic syndrome was associated with a 2-fold history of stroke.19 In the National Health
and Nutrition Examination Survey, the metabolic syndrome was associated with stroke history
(odds ratio=2.2; 95% ClI, 1.5 to 3.2) among 15 922 subjects.13 Prospective studies including
Framingham and the Atherosclerosis Risk in Communities stud}l/ have recently demonstrated
that the metabolic syndrome is associated with ischemic stroke. 3,14

Our data demonstrate that the metabolic syndrome may be more potent among women. The
Atherosclerosis Risk in Communities data suggest that there may be risk differentials according
to sex for the metabolic syndrome as wel 1.15 Possible explanations for these differences include
disparities in the prevalence and potency of vascular risk factors. In Framingham, women with
3 or more “metabolically linked factors” had a relative risk of 5.9 (95% ClI, 2.5 to 13.7) for
coronary artery disease compared with a relative risk of 2.3 (95% CI, 1.6 to 2.4) in men.21
Data from the National Health and Nutrition Examination Survey identified more vascular risk
factors among women than men and among ethnic minority women than among white women.
4 However, in NOMAS, significant differences by sex in the prevalence of risk factors,
including hypertension and diabetes, are less prominent. Alternative explanations for possible
sex differences include a greater impact of the metabolic syndrome among postmenopausal
women. Our data on menopause and hormone use in NOMAS are incomplete. Clearly this
question warrants further investigation.
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In this study, we have demonstrated a greater prevalence, stronger HR, and significantly higher
EF for ischemic stroke among Hispanics with the metabolic syndrome. Hispanics have greater
rates of adiposity and higher prevalence and incidence rate of type Il diabetes.22 The greater
prevalence rates of low HDL and high triglycerides among Hispanics in our cohort may be
contributing to overall race/ethnicity-specific differences in risk with respect to the metabolic
syndrome.

Alternatively, sex and race/ethnicity may act as proxies for underlying differences in access to
social resources. In NOMAS, women and Hispanics were less likely to have completed high
school. Furthermore, these groups were more likely to be uninsured or have Medicaid.

Although these 2 indicators of social resource access were adjusted for in our models, continued
disparities in stroke by sex and race/ethnicity suggest that there may be a number of other social
resources, both at the individual level and population level, which need further exploration.23

We have demonstrated that the HR for the metabolic syndrome is essentially the same as for
each of its component factors (Figure 2). However, we argue that risk alone is not the only
important criterion in evaluation of the usefulness of the metabolic syndrome as a clinical
entity. We have demonstrated, using a measure of EF, that the public health impact is
significantly greater for the metabolic syndrome than for each of its components. We suggest
that the metabolic syndrome constitutes an important risk factor, as it allows the clinician to
identify high vascular risk patients earlier. Identification of persons with the metabolic
syndrome provides a broader delineation of high vascular risk patients who may not be
identified and treated by conventional vascular risk factor criteria. Furthermore, minority
populations with definite risk factors are historically not adequately treated or controlled. The
use of criteria for the metabolic syndrome may help to target these underserved population
earlier.

The strengths of our study include a prospective population-based design wherein baseline
exposures and outcomes were well documented. Our aggressive follow-up strategies resulted
in <1% loss to follow-up. Study participants were seen in person at both study entry and follow-
up to document outcome events. The inclusion of a large multiethnic, elderly, heterogeneous
cohort with similar geographic access to the medical center is generalizable to other multiethnic
urban populations and allows for more valid comparisons across race/ethnic categories.

The limitations of our study include the lack of specific data to measure insulin resistance, the
older age of our cohort, and the lack of repeated measures of metabolic syndrome components
in the entire cohort. Furthermore, we were unable to include only those who were free of
diabetes at study entry.

The metabolic syndrome constitutes a major public health burden as defined by its prevalence,
risk, and EF. With the obesity epidemic, the impact of the metabolic syndrome is likely to
increase. Greater emphasis needs to be placed on the early diagnosis and treatment of patients
at risk for vascular disease. Further understanding of gender and race/ethnic differences in
terms of their impact on the metabolic syndrome will help us effectively target populations at
increased risk of ischemic stroke.
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Figure 1.
Kaplan—Meier estimates of metabolic syndrome (Met Syn) risk for ischemic stroke.
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