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Abstract

The objective of this study was to prospectively examine the comparative importance of body mass
index (BMI) and metabolic syndrome (MS)-related risk factors in predicting future risk of
cardiovascular disease (CVD) in women. Among 25,626 women who were aged > 45 years and were
free of CVD, cancer, and diabetes at baseline in the Women’s Health Study, we classified all women
into six groups according to 3 BMI categories (<25 kg/m?, 25-29.9 kg/m?, and >30 kg/m?) and the
presence or absence of the MS as defined by a modified criteria of the National Cholesterol Education
Program’s Adult Treatment Program I1l. During a median of 10-year follow-up, 724 incident CVD
events were documented. Compared with lean women without the MS, the multivariate RRs of CVD
adjusting for age, physical activity, and other covariates were 2.40 (95% CI, 1.71-3.37) for lean
women who had the MS, 1.08 (95% CI, 0.87-1.33) for overweight women who had no MS, 3.01
(95% Cl, 2.30-3.94) for overweight women with the MS, 1.58 (95% ClI, 1.21-2.08) for obese women
without the MS, and 2.89 (95% ClI, 2.19-3.80) for obese women with the MS. Similar associations
were also evident for total coronary heart disease but were not significant for total stroke. Overall,
while CRP concentrations added additional prognostic information beyond BMI and the MS, CRP
did not fully account for the observed high risk of CVD associated with MS. In conclusion, MS may
largely account for the elevated risk of CVD associated with BMI among apparently healthy women.
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Body mass index (BMI), as a commonly used surrogate for overall adiposity, has been strongly
associated with increased risk of cardiovascular disease (CVD) 12 A clustering of related
metabolic abnormalities including insulin resistance or diabetes, hypertension, and
dyslipidemia, defined as the metabolic syndrome (MS), has been recognized as a major
contributor to the development of CVD 3-5 and is also thought to be an underlying mechanism
for the adverse consequences of ad|p05|ty . Although there is a well-defined gradient
relationship between the level of BMI and the probability of having MS 78 most obese
individuals do not have MS and, conversely, many individuals with the MS are not overweight
or obese 6.7 In this study we examined joint associations of BMI with individual MS-
associated risk factors and the MS as an entity in relation to the incidence of CVD over 10
years of follow-up of a large cohort of initially healthy women. We also investigated whether
subclinical inflammation, as measured by plasma C-reactive protein (CRP) concentrations,
could modify these associations.

The Women’s Health Study was a randomized, double-blind, placebo-controlled trial designed
to evaluate the balance of benefits and risks of low-dose aspirin and vitamin E in the primary
prevention of CVD and cancer 9. As described previously, participants provrded detailed
information on behavioral, lifestyle, and demographic risk factors at baseline 10 In total,
39,876 female health professionals aged 39 to 89 years who were free of coronary heart disease,
stroke, and cancer (except for non-melanoma skin cancer) have been followed up. Of them,
28,345 provided baseline blood samples. We excluded individuals with incomplete data on
individual metabolic syndrome components, which left 25,626 women for the analysis. All
participants in the Women’s Health Study provided written informed consent and the study
protocol was approved by the institutional review board of the Brigham and Women’s Hospital
(Boston, Mass).

Asdescribed previously 11,12, the primary end point for this analysis was incident CVD, which
included nonfatal myocardial infarction, stroke, percutaneous transluminal coronary
angioplasty, coronary artery bypass graft, and fatal C\VVD that occurred during the follow-up
period. Coronary heart disease was defined to include nonfatal myocardial infarction, fatal
coronary events, percutaneous transluminal coronary angioplasty, and coronary artery bypass
graft. Diagnoses were confirmed by a committee of cardiologists and one neurologist.

Blood samples for the Women’s Health Study were stored in liquid nitrogen and were thawed
before assay. As previously described 13 these samples underwent lipid analysis and

evaluation for high-sensitivity CRP in a core laboratory certified by the National Heart, Lung,
and Blood Institute/Centers for Disease Control and Prevention Lipid Standardization program.

The metabolic syndrome (MS) was defined using a modification of the criteria pr Eosed by
the Adult Treatment Program Il of the National Cholesterol Education Program Women
with 3 or more of the following conditions were defined as having the metabolic syndrome
(excluding obesity criterion): 1) triglycerols >150 mg/dL; 2) high density lipoprotein
cholesterol <50 mg/dL; 3) blood pressure >135/85 mm Hg; and 4) abnormal glucose
metabolism as defined by a fasting glucose > 110 mg/dL. Baseline waist circumference and
fasting glucose concentrations were not available. We instead used the diagnosis of incident
type 2 diabetes during an average of 8.8 years follow-up as an alternative measure of baseline
abnormal glucose metabolism. The valldrgy of self-reported diabetes has been confirmed by a
validation study, as previously reported

Each participant contributed follow-up time from the date of return of the baseline
questionnaire to the data of the first diagnosis of a CVD end point, death, or the latest date of
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adjudicated follow-up through March 31, 2004, whichever came first. Participants were
divided into six different groups according to levels of body mass index (BMI in kg/m?) (<25,
25-29.9, and >30), and the MS (yes/or no). We used Cox proportional hazards models to
estimate the hazard rate ratio (relative risks) and 95% confidence intervals (Cls) of developing
CVD. The first Model was adjusted for age (in years), and randomized assignments (aspirin
and vitamin E). The second multivariable model added total energy intake (quintiles), smoking
(current, past, and never), exercise (rarely/never, <1l/week, 1-3 times/week, and >4 time/week),
alcohol intake (rarely/never, 1-3 drinks/month, 1-6 drinks/week, and >1 drink/day),
postmenopausal hormone use (never, past, and current), use of multivitamin supplements
(never, past, and current), and parental history of myocardial infarction before age 60 (yes/no).
We made further adjustment for BMI or CRP in the second model to assess their potential
impacts on the observed associations.

Joint effects among BMI, MetS, and CRP were evaluated by performing the same analytic
approach as above by adding 11 comparison groups stratified by BMI (<25, 25-29.9, and >30),
the MetS (yes or no), and the concentrations of CRP (<3 mg/L and >3 mg/L) when compared
with women having a BMI<25, the absence of the MetS, and CRP concentrations <3 mg/L.
Additional joint effects were also evaluated according to BMI (<25, 25-29.9, >30) and the
presence of individual metabolic factors (yes vs. no) including baseline hypertension,
dyslipidemia (defined as low HDL and/or high triglycerols), and incident diabetes, or at least
1 or at least 2 factors. Further adjustment for other features of MetS in the models was made
for individual metabolic risk factors. All statistical analyses were conducted using SAS
(version 8.0; SAS Institute, Cary, NC). All P values were two-tailed.

Overall, the prevalences of the MS were 4.31% among lean women (BMI<25), 14% among
overweight women (BMI 25-29.9), and 31% among obese women (BMI>30). As expected,
women with the MS had a higher likelihood of having cardiovascular risk factors than those
without the MS within each BMI category (Table 1).

During a median of 10.2 years of follow-up (253,729 person-years), we identified 724 incident
cases of CVD: 468 coronary heart disease cases, and 256 stroke cases. In the age and
randomized treatment-adjusted model (Model 1), the presence of MS appeared to be more
strongly associated with increased risk of CVD as compared with the absence of MS within
each BMI category (Table 2). Such associations persisted even after further adjustment for
traditional cardiovascular risk factors (Model 2). After additional adjustment for BMI, the
relative risks for CVD became attenuated and remained significant for only women with the
MS regardless of BMI. Similar associations were shown for coronary heart disease. Elevated
risks of stroke were evident only among women with the MS but did not reach statistical
significance. Further adjustment for CRP in the multivariate models did not appreciably alter
these findings.

When further stratified by plasma CRP concentrations (<3 mg/L and > 3 mg/dl), the magnitude
of the risk of CVD was higher in those with high CRP than in those with low CRP, although
their 95% Cls were quite large and overlapping due to relatively small sample sizes (Figure
1). Overall, CRP added more prognostic values beyond BMI and the MS, which has been
carefully addressed in previous report in our cohort 14, Alternatively, within the same category
of CRP, the multivariate relative risks of CVD were significantly increased by the presence of
MS but not those without the MS. At every level of BMI, women with the presence of either
each individual risk factor or the number of MS components (>1 and >2 risk factors) tended
to have an elevated risk of CVD compared with same-weight women without them, but there
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was no obvious increasing trend in CVD risk across increasing BMI categories for women
without these metabolic risk factors (Figure 2).

Discussion

In this large prospective study of middle-aged and older US women followed over 10 years,
we found that the presence of traditional MS-associated risk factors, either individually or
jointly, predicted an increased risk of developing CVD independent of BMI. The excess risk
of CVD attributable to the MS was independent of other conventional CVD risk factors and
was not explained by elevated CRP concentrations.

Our study indicates that the cluster of metabolic risk factors as an entity largely reflects the
underlying metabolic consequences of adiposity that increase long-term risk of CVD.
Prospective data on the importance of BMI compared with the MS to predict CVD are very
limited and the results have been inconsistent. In a prospective study of 780 women referred
to angiography, the MS but not BMI significantly predicted 3-year risk of cardiovascular death
6 This cohort was at higher risk than the cohort in the present study, with suspicion for
myocardial ischemia and a 33% prevalence of the MS compared to the 24% prevalence of the
MS in our cohort. Recent data from the Framingham Offspring Study of 2902 individuals free
of diabetes or CVD followed for 11 years, Meigs et al. reported that individuals with MS or
insulin resistance, regardless of BMI, were at an approximately 1.6- to 2-fold increased risk of
CVD relative to those with normal weight and without MS or insulin resistance 16 Their
findings from both women and men are consistent with our results, although the prevalence of
MS among those with normal weight (7%) and those with obesity (37%) in the Framingham
community were higher than those in our WHS cohort of female health professionals (4% and
31%) 16 In contrast, in a 10-year prospective study of 19173 men with a relatively low
prevalence of MS (19.5%), Katzmarzyk et al. found that a higher risk of CVD mortality was
evident in obese men (BMI >30) either with or without MS as compared with normal weight
men (BMI: 18.5-24.9) without the MS 7 The discrepant findings from these studies may reflect
population differences in the distributions of some lifestyle and genetic factors as well as
baseline anthropometric variables.

There are also several alternative explanations for the observed excess risk for CVD associated
with the MS independent of BMI. First, the MS may be a more important determinant in the
prediction of risk of CVD than is the assessment of overall obesity especially among older
people. Overall adiposity defined by BMI may not be a as strong a marker for metabolic risk
factors as body fat distribution because excess accumulation of visceral abdominal adipose
tissue was more strongly correlated with a higher prevalence of the MS across all BMI groups
for both men and women 7. Moreover, insulin resistance is thought to play a central role in
the development of the MS and is a possible link between adiposity and CVD. Overall adiposity
defined by BMI may not be an optimal marker for insulin resistance. Also, systemic
inflammation is a common correlate of the insulin resistance and is directly linked to the MS
18,19 central obesity has been suggested as a major determinant of CRP concentrations in
individuals with the MS 20 because visceral fat distribution rather than overall adiposity may
largely contribute to the production and release of cytokines from adipose tissue. The MS has
been more consistently associated with CRP concentrations than BMI. Nevertheless, while
CRP concentrations added additional prognostic information beyond BMI and the MS, CRP
did not fully account for the observed high risk of CVD associated with MS in our study.

Of note, we found that about 4% of normal weight women had the MS while 31% of obese
women had the MS in our cohort. On the one hand, it is likely that underlying adiposity might
have been misclassified using BMI. On the other hand, there are some women who are truly
lean and have the MS while some women are indeed obese but do not have the MS. They may
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be genetically predisposed or resistant to the development of MS and subsequent CVD,
although the precise mechanisms underlying the pathogenesis of metabolic abnormalities
remain to be determined. Given the natural history of obesity, individual with true obesity may
inevitably develop adverse metabolic consequences as they age. To fully address the temporal
sequences of BMI and adverse health consequences, further longitudinal data on weight
assessment and metabolic biomarker measurements at different time points are needed.

The strengths of our study include the prospective study design, large sample size, high follow-
up rate, long follow-up duration, reliable assessment of CVD endpoints, and detailed
assessment of lifestyle variables, metabolic and cardiovascular risk factors. Several limitations
should be considered, however. First, our reliance on all single measures of baseline markers
may introduce random measurement errors and may also not accurately reflect changes in
metabolic disorders over long periods. Second, the lack of baseline data on waist and hip
circumferences has limited our ability to determine the true metabolic risk profiles due to body
fat distribution. Third, our analyses may have relatively low statistical power to detect any
association with CVD death and stroke subtypes. Fourth, the lack of information on fasting
glucose or insulin concentrations at baseline did not allow for a standardized definition for the
MS. We also acknowledge that any existing MS definitions cannot reflect the predictive values
of homostatic, thrombolytic, or endothelial factors, which are not incorporated into the MS
definition but may confer additional prognostic values. Finally, because our study population
included solely female health professionals who were mostly white, results from the present
study may not be generalizable to men or to other ethnic groups.
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Figure 1.

Multivariate-adjusted relative risks of CVD during 10 years of follow-up according to BMI
(<25, 25-29.9, >30), the presence of MS (yes vs no), and plasma CRP concentrations (<3 mg/
L and >3 mg/L) at baseline. RRs were adjusted for age, randomized treatment assignment
(aspirin and vitamin E), smoking status, exercise, alcohol intake, total calorie intake,
postmenopausal hormone use, multivitamin use, and parental history of myocardial infarction
before 60 years.
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Figure 2.

Multivariate-adjusted relative risks of CVD according to BMI (<25, 25-29.9, >30) and the
presence of individual metabolic factors (yes vs no) including baseline hypertension,
dyslipidemia (defined as low high density lipoprotein cholesterol and/or high triglycerols), and
incident diabetes, or at least 1 or at least 2 factors. Analyses were adjusted for age, randomized
treatment assignment, smoking, exercise, total calories, alcohol use, multivitamin use,
postmenopausal hormone use, and parental history of myocardial infarction before 60 y.
Adjustment for dyslipidemia and incident diabetes were further made in the models for joint
associations with hypertension, baseline hypertension and dyslipidemia were controlled for
joint associations with incident diabetes, and hypertension and incident diabetes were adjusted
in the models for joint associations with dyslipidemia.
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