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Abstract
Background and Purpose—Although both general and abdominal adiposity are well-established
risk factors for coronary heart disease, their associations with stroke are less well characterized,
particularly in generally lean Asian populations.

Methods—We evaluated associations of body mass index (BMI), waist-hip ratio (WHR), waist
circumference (WC), and waist-height ratio (WHtR) with stroke risk in the Shanghai Women’s
Health Study, a population-based, prospective cohort study of 74 942 Chinese women aged 40–70
years with anthropometric measurement taken at recruitment in 1996–2000. For this analysis, we
included 67 083 women with no prior history of stroke, coronary heart disease, rheumatic heart
disease, cardiac surgery, or cancer at recruitment. Incident stroke was ascertained by biennial home
visits and linkage with vital statistics registries.

Results—Cutpoints for the highest quintiles of BMI, WHR, WC, and WHtR among this cohort
were 26.6 (kg/m2), 0.85 (cm/cm), 84.1 (cm), and 0.54 (cm/cm), respectively. During a mean follow-
up of 7.3 years, 2403 incident stroke cases were identified. All selected anthropometric measurements
were positively and significantly associated with risk of total, ischemic, and hemorrhagic stroke in
a dose-response manner (all P values for trend <0.01). The multivariable-adjusted hazard ratios (95%
confidence intervals) for total stroke comparing the highest vs. lowest quintiles of these
measurements were 1.71 (1.49–1.97), 1.59 (1.37–1.85), 1.77 (1.53–2.05), and 1.91 (1.61–2.27) for
BMI, WHR, WC, and WHtR, respectively.

Conclusion—Increasing levels of general or abdominal adiposity consistently predict increased
risk of stroke in predominantly non-obese Chinese women.
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Both general adiposity, measured by body mass index (BMI), and abdominal adiposity,
measured by waist-hip ratio (WHR), are well-documented risk factors for coronary heart
disease;1–3 their associations with stroke, however, are less well characterized. Several studies
have shown a significant positive association between BMI and risk of stroke,4–6 while others
suggest that high WHR, but not BMI, is associated with an increased risk of stroke.7, 8 These
findings are primarily related to ischemic stroke. The association between BMI or WHR and
risk of hemorrhagic stroke remains largely unclear.

Most epidemiologic investigations of adiposity and fat distribution in relation to stroke have
been conducted in Western populations, where overweight and obesity are highly prevalent.
Few studies to date have evaluated stroke incidence associated with excess adiposity,
particularly abdominal obesity, in Asian populations, which are generally on the lower end of
the BMI spectrum. Given the observation that some Asian populations develop vascular risk
factors, including type 2 diabetes, hypertension, and dyslipidemia, at relatively lower levels of
BMI, as compared with their Western counterparts,9, 10 it is important to examine whether
high levels of general and abdominal adiposity contribute to the development of stroke in Asian
populations.

We examined associations of BMI, WHR, and other measures of abdominal adiposity,
including waist circumference (WC) and waist-height ratio (WHtR), with risk of total stroke
and major stroke subtypes in a large cohort of Chinese women with an average BMI of 23.9
at the time of enrollment in the Shanghai Women’s Health Study (SWHS).

METHODS
Study population

The SWHS is a population-based, prospective cohort study of adult Chinese women. The study
methods have been described in detail elsewhere.11 Briefly, all eligible women 40 to 70 years
of age and living in seven typical urban communities of Shanghai were invited to participate
in the study. Between December 1996 and May 2000, a total of 74 942 women were enrolled,
with a participation rate of 92.7%. Baseline surveys and anthropometric measurements were
conducted at participants’ homes by trained interviewers. Structured questionnaires were used
during the surveys to obtain information on demographics, diet and other lifestyle habits,
menstrual and reproductive history, use of oral contraceptives and hormone therapy, medical
history, and other characteristics. The food-frequency and physical-activity questionnaires
used in the SWHS have been validated.12, 13

Anthropometry
Participants were asked to wear light indoor clothing when they were measured for weight,
height, and circumferences of the waist and hips by trained interviewers who were retired health
professionals. Measurements were taken uniformly according to a standard protocol. Weight
was measured to the nearest 0.1 kg, using a digital weight scale that was calibrated every 6
months. Waist circumference was measured at 2.5 cm above the umbilicus and hip
circumference at the level of maximum width of the buttocks with the subject in a standing
position. Circumferences and height were measured to the nearest 0.1 cm. All measurements
were taken twice. A tolerance limit of 1 kg was set for weight measurement and 1 cm for height
and circumference measurements. A third measurement was taken if the difference of the first
two measurements was greater than the tolerance limit. Using the average of the two closest
measurements, BMI (weight in kilograms divided by the square of height in meters), WHR
(waist circumference divided by hip circumference), and WHtR (waist circumference divided
by height) were then calculated for the analysis.
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Outcome ascertainment
The primary outcome for the present analysis was incident stroke, defined as the first nonfatal
stroke or stroke death that occurred after the baseline survey. Participants were followed
through biennial home visits and record linkage to the Shanghai Cancer Registry and the
Shanghai Vital Statistics Registry. During the biennial home visits, trained study interviewers
conducted an in-person interview using a structured questionnaire that captured information
on newly diagnosed major chronic diseases. For deceased subjects, an adult family member
(next of kin) was interviewed to complete the disease outcome survey. The occurrence of stroke
was ascertained by asking the following question: “Since our last visit, have you suffered a
stroke that was confirmed by a doctor?” For each positive response, information on the date
and hospital of first diagnosis was obtained. Information on major stroke subtypes, including
ischemic stroke and intracerebral hemorrhage, was also collected through in-person interviews
starting with the second follow-up. In addition to biennial home visits, disease outcomes and
deaths were also ascertained through record linkages. The underlying cause of death was
determined on the basis of death certificates and information gathered from the next of kin.

To evaluate the validity of stroke ascertainment via structured in-person interviews in this
cohort, medical records were obtained and reviewed by independent physicians for 225
participants who reported a first-ever stroke during follow-up interviews. Brain imaging,
including computed tomography or magnetic resonance imaging, was available for 95% of
these reported stroke cases. The diagnosis of stroke was confirmed according to the criteria of
the U.S. National Survey of Stroke, which requires evidence of sudden or rapid onset of
neurologic deficits that persist for more than 24 hours or until death, and have no apparent
nonvascular causes such as trauma, tumor, or infection.14 Based on review of clinical
information and imaging data, 203 (90.2%) stroke cases were confirmed, including 177 cases
of ischemic stroke, 22 intracerebral hemorrhage, and 4 subarachnoid hemorrhage. Nine (4.0%)
reported stroke cases did not meet the defined criteria for confirmation. Medical documentation
was lacking or insufficient to confirm the diagnosis for the remaining 13 (5.8%) cases.

Statistical analysis
For the present analysis, we excluded women who reported a prior history of stroke, coronary
heart disease, rheumatic heart disease, cardiac surgery, or cancer at baseline (n=7813). We also
excluded those who were pregnant (n=10), were lost to follow-up shortly after enrollment
(n=8), or had missing data for anthropometric measurements (n=39). After these exclusions
(not mutually exclusive), 67 083 women remained for the analysis. Women were categorized
according to quintiles of BMI, WHR, WC, and WHtR, with the lowest quintile serving as the
reference category. Cox proportional hazards models were used, with age as the time scale, to
estimate hazard ratios (HRs) of stroke associated with various anthropometric measures and
95% confidence intervals (CIs), and to adjust for potential confounders.15 Entry time was
defined as the age at enrollment, and exit time was defined as the age at stroke diagnosis, death
or censoring. Covariates included age (continuous); education level (four categories);
occupation (three categories); annual family income (four categories); menopausal status (pre-
or post-menopausal); use of oral contraceptives, hormone therapy, and aspirin (yes or no);
amount of regular exercise (hours/week, four categories); cigarette smoking (yes or no);
alcohol consumption (yes or no); and intakes of saturated fat, vegetables, fruits, and sodium
(continuous). Considering that hypertension, diabetes, and dyslipidemia are in the causal
pathway between adiposity and stroke, these factors were not adjusted for in primary analyses.
Tests for linear trend across categories of anthropometric measurements were performed by
using the median value for each category of the measurements and modeling them as
continuous variables. In addition, we evaluated the joint effect of BMI and WHR on stroke
risk. Finally, we calculated c statistics for various selected measures of adiposity to compare
their predictive values. Statistical analyses were performed using SAS statistical software
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(version 9.1; SAS Institute Inc., Cary, NC, USA). All statistical tests were based on two-sided
probability.

RESULTS
Table 1 presents selected characteristics of the study population. The mean age (standard
deviation [SD]) of the study population was 51 years (8.8) at baseline. The mean values (SD)
for BMI, WHR, WC, and WHtR were 23.9 (3.4) kg/m2, 0.81 (0.05) cm/cm, 77.4 (8.6) cm, and
0.49 (0.06) cm/cm, respectively. The prevalence of overweight or obesity (BMI ≥ 25 kg/m2)
was 33.7%, and the prevalence of obesity (BMI ≥ 30 kg/m2) was 4.6%. Very few women ever
smoked cigarettes, drank alcohol, or used hormone therapy. WHR was moderately correlated
with BMI (Pearson correlation, r=0.46), whereas the correlations of both WC (r=0.84) and
WHtR (r=0.83) with BMI were high.

During a mean follow-up of 7.3 years, we identified 2403 incident cases of stroke, including
2260 nonfatal strokes and 143 deaths from stroke. These cases were further classified as
ischemic stroke (n=1737), intracerebral hemorrhage (n=205), and undefined stroke (n=461).
Table 2 summarizes the HRs and 95% CIs of total stroke by quintiles of various measures of
adiposity. In both age- and multivariable-adjusted analyses, BMI, WHR, WC, and WHtR were
all positively and significantly associated with risk of total stroke in a dose-response fashion
(all P values for trend <0.0001). The multivariable-adjusted HRs (95% CIs) for total stroke
comparing the highest vs. lowest quintiles of these measurements were 1.71 (1.49–1.97) for
BMI, 1.59 (1.37–1.85) for WHR, 1.77 (1.53–2.05) for WC, and 1.91 (1.61–2.27) for WHtR.
Further adjustment for history of hypertension, diabetes, and dyslipidemia reduced the risk
estimates to 1.31 (1.14–1.51), 1.30 (1.12–1.51), 1.34 (1.16–1.56), and 1.46 (1.22–1.74) for
BMI, WHR, WC, and WHtR, respectively.

When anthropometric measures were analyzed as continuous variables, for each 1-unit increase
in BMI and WC, stroke risk increased by 5% (HR=1.05; 95% CI, 1.04–1.07) and 2% (HR=1.02;
95% CI, 1.02–1.03), respectively, after adjusting for potential confounders. For each 0.01-unit
increase in WHR and WHtR, the risk increased by 3% (HR=1.03; 95% CI, 1.02–1.03) and 4%
(HR=1.03; 95% CI, 1.03–1.05), respectively. These results were essentially unchanged when
the analyses were confined to women with a BMI <25 kg/m2.

As shown in Table 2, the associations with measures of abdominal adiposity were attenuated,
but all remained statistically significant after adjustment for BMI. The association with BMI,
on the other hand, was no longer significant when WHtR was controlled for, but remained
significant following adjustment for WHR or WC. Table 3 presents the joint effect of BMI and
WHR on the risk of total stroke. Within each category of BMI, the HRs of stroke increased
steadily with increasing tertiles of WHR; likewise, BMI was positively associated with risk of
stroke across all levels of WHR. Women in the top tertiles of both BMI and WHR had the
highest HR of stroke. A test for interaction between BMI and WHR was not statistically
significant (P=0.90).

Table 4 presents the multivariable-adjusted HRs of major stroke subtypes associated with
selected measures of adiposity. Consistent with the findings for total stroke, the HRs for both
ischemic stroke and intracerebral hemorrhage also increased monotonically with increasing
levels of BMI, WHR, WC, and WHtR. The positive association of each measure of adiposity
with intracerebral hemorrhage appeared to be stronger than that for ischemic stroke, although
the effect estimates for the former were less precise because of the small number of cases.
Strong positive associations with all anthropometric measures were also observed for
undefined stroke, many of which were likely to be hemorrhagic. Multinomial logistic
regression analyses also showed stronger associations with hemorrhagic than with ischemic
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stroke. The adjusted regression coefficients for intracerebral hemorrhage and ischemic stroke
were 0.09 vs. 0.05 for BMI, 0.04 vs. 0.02 for both WHR and WC, and 0.06 vs. 0.03 for WHtR.

Finally, analyses with c statistics showed no difference in the predictive value for stroke among
various measures of adiposity; the c statistics were 0.804, 0.803, 0.805, and 0.806 for
multivariable models of total stroke that included BMI, WHR, WC, and WHtR, respectively.

DISCUSSION
In this large prospective cohort study of Chinese women, we found that high levels of BMI,
WHR, WC, and WHtR were all associated with significantly increased risk of total, ischemic,
and hemorrhagic stroke. To our knowledge, this is the first cohort study that has evaluated the
contributions of both general and abdominal adiposity to the risk of stroke in Asian women.
Two thirds of the study population had a BMI below 25.0, the cut-off point for overweight.
Despite this normal/low weight range, a consistent, monotonic dose-response relationship was
observed between stroke and various anthropometric variables that capture different aspects
of adiposity. Our results suggest that the increased risk of stroke associated with increasing
adiposity may exist on a continuum.

Consistent with previous studies,4, 6 our analyses showed that the positive associations
between measures of adiposity and stroke were attenuated substantially but remained
statistically significant after accounting for hypertension, diabetes, and dyslipidemia, all of
which are well-established vascular risk factors closely related to adiposity. These findings
suggest that although the established risk factors play an important role in mediating the adverse
effects of adiposity on stroke, other mechanisms may also be involved. It has been shown that
obesity is associated with elevated levels of prothrombotic factors, such as fibrinogen and
plasminogen activator inhibitor-1, and inflammatory biomarkers, such as C-reactive protein,
interleukin-6, and tumor necrosis factor-α.16–18 The prothrombotic and proinflammatory state
induced by excess adiposity is believed to be an important contributor to the development of
stroke.19

Despite the strong biologic plausibility that excess adiposity may confer an increased risk of
stroke, epidemiologic investigations of the relationship between adiposity and stroke have
yielded conflicting results. In the Nurses’ Health Study4 and the Women’s Health Study,6 high
BMI was associated with a significantly increased risk of total and ischemic stroke, but not
hemorrhagic stroke. In contrast, a consistent positive association was observed between BMI
and risk of total, ischemic, and hemorrhagic stroke in the Physicians’ Health Study,5 similar
to our finding. High BMI was also found to predict stroke incidence and stroke mortality
regardless of stroke subtypes in two large studies of Korean and Chinese men.20, 21 No
association between BMI and risk of total stroke or stroke subtypes, however, was observed
in several other studies.7, 8, 22 In addition, there are also few reports of an inverse association
between BMI and stroke.23 Although the reasons for the inconsistency of the BMI and stroke
relationship remain unclear, the inherent limitations of BMI as a surrogate measure of overall
adiposity, which provides no direct information regarding body composition or fat distribution,
may be a contributing factor.7

It has been increasingly recognized that the adverse effects of obesity relate not only to the
amount but also to the distribution of excess body fat.24–26 There are several studies that,
while they failed to link BMI levels with stroke risk, did find a significant association between
measures of abdominal obesity and risk of stroke.7, 8 For example, in the Health Professionals
Follow-up Study, WHR, but not BMI, was found to be a significant independent predictor of
total stroke in men.7 Similar results were also observed in both men and women in the Northern
Manhattan Stroke Study involving ischemic stroke only.8 In a recent cohort study of Swedish
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women, all measures of abdominal adiposity, including WHR, WC, and WHtR, showed
significant positive associations with risk of total and ischemic stroke and a less significant
association with intracerebral hemorrhage.27 No previous studies have investigated abdominal
adiposity in relation to stroke in Asian populations.

Unlike many previous studies showing a complex relationship between adiposity and risk of
stroke, our study found that higher degrees of adiposity consistently predicted an increased
risk of stroke, regardless of the obesity measures used or the stroke subtypes included. The
observed positive association between adiposity and stroke in our study also appeared to be
stronger than those positive associations seen in studies of Caucasian women. For example, a
1-unit increase in BMI was associated with a 5% increase in total stroke in our study, whereas
the increase was 3% in the Nurses’ Health Study.4 The finding of an increased risk of
hemorrhagic stroke with increasing adiposity from our study and others provides evidence
against the hypothesis that low BMI may contribute to high incidence of hemorrhagic stroke
in Asian populations.6

Limitations of our study, however, need to be kept in mind when interpreting the results.
Although all anthropometric variables used in our study were accurately measured rather than
self-reported, stroke outcome was assessed through a structured in-person interview without
further verification by review of medical records, raising concern about misclassification of
stroke. However, our validation study indicated that stroke assessment via in-person interview
in our cohort was accurate. Previous studies have also shown that even with a self-administered
questionnaire, stroke, a life-threatening medical emergency, could be assessed reasonably well.
28 In addition, the age-standardized incidence rate of first-ever stroke (141.1/100 000)
observed in our cohort was comparable to rates reported for the Sino-MONICA-Beijing project
(138.7/100 000-169.4/100 000 during 2000–2004), which involved women 25–74 years of age
in Beijing.29 Another concern is the possible presence of residual confounding due to
inaccurately measured or unmeasured covariates. Although we cannot rule out this possibility,
we have carefully adjusted for a range of potential confounders and found results similar to
analyses adjusted for age only, suggesting that residual confounding is unlikely to have
seriously affected our results.

In summary, our study indicates that even in a relatively lean population, increasing levels of
general or abdominal adiposity were associated with a significant increase in the risk of stroke.
Our findings, along with those observed from mostly overweight Western populations,
emphasize the importance of preventing excess adiposity for primary prevention of stroke.
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Table 1
Selected characteristics of the study population

Variable

Age (y), mean (SD) 51.3 (8.8)

Body mass index (kg/m2), mean (SD) 23.9 (3.4)

Waist-hip ratio, mean (SD) 0.81 (0.05)

Waist circumference, mean (SD) 77.4 (8.6)

Waist-height ratio, mean (SD) 0.49 (0.06)

Regular exercise (h/week), mean (SD) 1.9 (3.6)

Education level, %

 ≤Elementary school 19.6

 Middle school 38.3

 High school 28.6

 ≥College 13.5

Occupation, %

 Professionals, technicians, administrators 28.3

 Clerical and service workers 21.0

 Manufacturing and agricultural workers 50.7

Annual family income (yuan), %

 < 10,000 15.6

 10,000 to < 20,000 38.1

 20,000 to < 30,000 28.5

 ≥ 30,000 17.8

Postmenopausal, % 45.2

Hormone therapy, % 2.0

Oral contraceptive use, % 20.3

Aspirin use, % 1.3

Ever smoked cigarettes, % 2.7

Ever drank alcohol, % 2.3
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Table 3
Joint effect of body mass index and waist-hip ratio on the risk of total stroke

Tertile of body mass index, kg/m2

Tertile of waist-hip ratio <22.2 22.2–24.9 ≥25.0

<0.78

 No. of subjects 12491 6747 3199

 No. of cases 191 128 106

 Multivariate HR* 1.00 (reference) 1.17 (0.93–1.46) 1.40 (1.10–1.78)

0.78–0.82

 No. of subjects 6739 8429 6897

 No. of cases 159 234 319

 Multivariate HR* 1.18 (0.95–1.45) 1.36 (1.12–1.64) 1.75 (1.46–2.10)

≥0.83

 No. of subjects 3108 7165 12308

 No. of cases 120 339 807

 Multivariate HR* 1.31 (1.04–1.65) 1.53 (1.28–1.83) 1.85 (1.57–2.17)

*
Adjusted for age, education, occupation, family income, menopausal status, use of oral contraceptives, hormone therapy, and aspirin, amount of exercise,

cigarette smoking, alcohol consumption, and intakes of saturated fat, vegetables, fruits, and sodium.
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