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Background: Although obesity is an established risk fac-
tor for coronary heart disease, its role as a risk factor for
stroke remains controversial.

Methods: Prospective cohort study among 21414 US
male physicians participating in the Physicians’ Health
Study. Incidence of total, ischemic, and hemorrhagic
stroke was measured by self-report and confirmed by
medical record review. We used Cox proportional haz-
ards models to evaluate the association of body mass in-
dex (BMI), calculated as self-reported weight in kilo-
grams divided by the square of the height in meters, with
risk of total, ischemic, and hemorrhagic stroke.

Results: During 12.5 years of follow-up, 747 strokes (631
ischemic, 104 hemorrhagic, and 12 undefined) oc-
curred. Compared with participants with BMIs less than
23, those with BMIs of 30 or greater had an adjusted rela-
tive risk of 2.00 (95% confidence interval [CI], 1.48-
2.71) for total stroke, 1.95 (95% CI, 1.39-2.72) for is-

chemic stroke, and 2.25 (95% CI, 1.01-5.01) for
hemorrhagic stroke. When BMI was evaluated as a con-
tinuous variable, each unit increase of BMI was associ-
ated with a significant 6% increase in the adjusted rela-
tive risks of total (95% CI, 4%-8%), ischemic (95% CI,
3%-8%), and hemorrhagic stroke (95% CI, 1%-12%). Ad-
ditional adjustment for hypertension, diabetes mellitus,
and hypercholesterolemia slightly attenuated the risks for
total and ischemic (relative risk, 4%; 95% CI, 2%-7%),
but not hemorrhagic, stroke.

Conclusions: These prospective data indicate a signifi-
cant increase in the relative risk of total stroke and its 2
major subtypes with each unit increase of BMI that is in-
dependent of the effects of hypertension, diabetes, and
cholesterol. Because BMI is a modifiable risk factor, the
prevention of stroke may be another benefit associated
with preventing obesity in adults.
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E XCESS WEIGHT is a well-
documented risk factor for
coronary heart disease.1-4 In
addition, it is associated with
increased risk of several fac-

tors that may lead to stroke, including hy-
pertension5 and diabetes mellitus.6 How-
ever, data on the overall association of
obesity and stroke as well as stroke sub-
types are limited and inconclusive.7 Sev-
eral studies have suggested that a high body
mass index (BMI) may increase the risk of
total stroke,4,8,9 particularly ischemic
stroke.10-13 Others have found an associa-
tion with waist-hip ratio14 and abdominal
obesity15-17 (but not with BMI)17 or no as-
sociation.18 Moreover, it is not clear if ex-
cess weight itself is independently associ-
ated with increased risk of stroke over and
above its relationship with stroke risk fac-
tors. Finally, the relationship of BMI with
stroke severity has, to our knowledge, never
been prospectively evaluated.

As a result, excess weight is not in-
cluded in the Framingham stroke risk pre-
diction score,19,20 nor is it listed as a pri-
mary risk factor for stroke by the National

Institutes of Health21 or the American
Stroke Association.22 Obesity, however, is
listed as a potential modifiable risk factor
for stroke in the recent guidelines of the
American Heart Association,23 but its effect
is stated to be mainly mediated through
hypertension, diabetes, and increased
blood lipid levels.

Because stroke, the leading cause of
long-term disability and morbidity and the
third leading cause of death in the United
States,24 has few effective therapies, iden-
tifying and managing potential risk fac-
tors such as elevated BMI remain of great
importance. The Physicians’ Health Study
(PHS) provided the opportunity to assess
prospectively the association between BMI
and the incidence of total, ischemic, and
hemorrhagic stroke, as well as stroke se-
verity, among more than 22000 US male
physicians.

METHODS

Participants were part of the PHS, a completed
randomized trial of low-dose aspirin and beta
carotene in the primary prevention of cardio-
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vascular disease and cancer. The participants, methods, and re-
sults have been described in detail previously.25-27 The study
population consisted of 22071 US male physicians aged 40 to
84 years in 1982, with no history of myocardial infarction, stroke,
transient cerebral ischemia, or cancer (except nonmelanoma
skin cancer), who were followed for 12.5 years. Morbidity and
mortality data were available for more than 99%.

Baseline information was self-reported and collected by a
mailed questionnaire that asked about many demographic, medi-
cal history, and lifestyle variables. Every 6 months for the first
year and annually thereafter, participants received follow-up ques-
tionnaires asking about compliance with randomized treatment
assignments and newly diagnosed conditions, including stroke.
At baseline, 22065 participants (99.9%) reported weight and
height. Of these, 651 were excluded because of missing informa-
tion on potential confounders, resulting in a study population of
21414men.Bodymass indexwascalculatedas self-reportedweight
in kilograms divided by the square of the height in meters.

EVALUATION OF STROKE

Participants who self-reported stroke on a follow-up question-
naire were asked for permission to obtain their medical rec-
ords. An end points committee confirmed a diagnosis of stroke
after review of medical records and reports of brain imaging.
Stroke was defined as a focal neurological deficit of vascular
mechanism lasting more than 24 hours and was classified ac-
cording to criteria established by the National Survey of Stroke28

into ischemic, hemorrhagic (including intraparenchymal and
subarachnoid hemorrhage), and unknown subtypes. Fatal stroke
was documented by evidence of a cerebrovascular mechanism
obtained from all available sources, including death certifi-
cates and hospital records. Stroke severity was measured us-
ing the Modified Rankin Scale (MRS)29 based on information
from the hospital discharge summary. The MRS classifies stroke
cases from 1 (no residual symptoms) to 6 (fatal stroke). We
categorized stroke severity as mild (MRS score of 1-3), severe
(MRS score of 4-5), or fatal (MRS score of 6).30

An independent review by 2 neurologists of the diagnos-
tic coding of stroke from the start of randomization of the PHS
until 1988 yielded excellent interobserver agreement.31 A simi-
lar analysis of data from 1988 until the trial’s end also yielded
strong interrater reliability, with agreement for ischemic stroke
of 96.4% (� =0.84) and for hemorrhagic stroke of 97.1%
(�=0.87). The overall agreement for stroke severity, calcu-
lated with quadratic weighted � statistics,32 was excellent, with
concordance of 94.3% (�=0.71) for the period until 198831 and
97.2% (�=0.86) for the remainder of the study.

STATISTICAL ANALYSES

We used Cox proportional hazards models33 to analyze the as-
sociation between BMI and stroke. Person-time was calculated
from return of the baseline questionnaire until the date of stroke,
death, or the study’s end, whichever occurred first. Body mass
index was evaluated in the following 3 ways: (1) in 5 categories
(�23, 23-24.9, 25-26.9, 27-29.9, and �30), (2) as the 3 World
Health Organization (WHO) weight categories (normal weight,
�25; overweight, 25-29.9; and obese, �30), and (3) as continu-
ous term. We tested both the proportional hazards and linearity
assumptions of the association between BMI and total, ische-
mic, and hemorrhagic stroke and found no violations.

We calculated age-adjusted and multiple-adjusted hazard
ratios as a measure of the relative risk for total (including ische-
mic, hemorrhagic, and undefined stroke cases), ischemic, and
hemorrhagic (including intraparenchymal and subarachnoid hem-
orrhage) stroke. We used an ordinal variable to test for trend in
risk across BMI categories. The multiple regression models con-

trolled for age (continuous); smoking (never, past, or current);
alcohol consumption (�1 drinks per day, 2-6 drinks per week,
�1 drink per week); exercise (�1 week or �1 week); history of
angina (yes or no); parental history of myocardial infarction prior
to 60 years (yes or no); and randomized treatment assignment.
The use of finer categories of both alcohol consumption and ex-
ercise did not appreciably change the estimates of the associa-
tion between BMI and stroke. We considered hypertension, dia-
betes, and high cholesterol levels as possible biological mediators
of the effect of BMI on stroke and therefore did not control for
these factors in the primary analysis. However, hypertension (de-
fined as systolic blood pressure �140 mm Hg or diastolic blood
pressure �90 mm Hg or taking antihypertensive medication re-
gardless of blood pressure), history of self-reported diabetes, and
history of self-reported high cholesterol levels were added se-
quentially to multiple regression models in a secondary analy-
sis. The use of different categorization of blood pressure did not
appreciably change the estimates of the association between BMI
and stroke. We evaluated effect modification of BMI by smok-
ing, hypertension, alcohol consumption, and age.

We calculated the proportion of total stroke and stroke
types directly standardized for age to evaluate the association
of BMI and stroke severity. We used the Mantel-Haenzsel ex-
tension test to test for trend in risk across BMI categories. To
compare BMI measurements over the study period, we calcu-
lated a Spearman correlation coefficient comparing baseline BMI
to BMIs from the 8-year follow-up and study-end question-
naires after excluding subjects with severe illnesses.

RESULTS

During 12.5 years (268269 person-years) of follow-up,
747 incident strokes occurred, including 631 ischemic,
104 hemorrhagic (83 intraparenchymal and 21 subarach-
noid hemorrhages), and 12 undefined strokes. The mean
BMI was 24.9, ranging from 14.4 to 56.0. Based on WHO
criteria, 12125 (56.6%) of the 21414 men were in the
normal weight category, 8105 (37.9%) were over-
weight, and 1184 (5.5%) were obese.

Table 1 gives the age-adjusted baseline character-
istics of the participants according to BMI categories. Mean
systolic and diastolic blood pressures as well as preva-
lence of hypertension increased with increasing BMI. The
percentage of men who had never smoked decreased with
increasing BMI, whereas the percentage of men who re-
ported current smoking was highest in the obese cat-
egory. The proportion of men who reported exercising
regularly decreased with increasing BMI. The leanest men
were more likely to have reported alcohol consumption
of 1 drink or more per day and less likely to have re-
ported consumption of less than 2 drinks per week com-
pared with obese men.

The age- and multiple-adjusted relative risks of total,
ischemic, and hemorrhagic stroke according to BMI cat-
egories are summarized in Table 2. The age-adjusted
relative risks of total stroke as well as stroke types in-
creased steadily across BMI categories compared with the
referent (BMI �23). Multiple adjustments for various risk
factors attenuated the relative risks only slightly.

Using the WHO categories, overweight men had mul-
tiple-adjusted relative risks for total stroke of 1.32 (95%
confidence interval [CI], 1.14-1.54), for ischemic stroke
of 1.35 (95% CI, 1.15-1.59), and for hemorrhagic stroke
of 1.25 (95% CI, 0.84-1.88) compared with men with BMIs

(REPRINTED) ARCH INTERN MED/ VOL 162, DEC 9/23, 2002 WWW.ARCHINTERNMED.COM
2558

©2002 American Medical Association. All rights reserved.

Downloaded From: https://jamanetwork.com/ on 05/22/2023



less than 25. Obese men had multiple-adjusted relative risks
of 1.91 (95% CI, 1.45-2.52) for total stroke, 1.87 (95%
CI, 1.38-2.54) for ischemic stroke, and 1.92 (95% CI, 0.94-
3.93) for hemorrhagic stroke compared with men with BMIs
less than 25.

When BMI was examined as a continuous variable,
each 1-unit increase in BMI was associated with a multiple-
adjusted increase of 6% (95% CI, 4%-8%) in the risk of
total and ischemic stroke and 6% (95% CI, 1%-12%) for
hemorrhagic stroke.

The influence of hypertension, diabetes, and hyper-
cholesterolemia on the association between BMI and
stroke risk was evaluated in a stepwise fashion using the
continuous measurement of BMI. For both total and is-
chemic stroke, the increased risk was reduced to 4% (95%
CI, 2%-7%) per unit increase in BMI when hyperten-
sion was included in the model. Additional adjustment
for diabetes did not further reduce the relative risks. Hem-
orrhagic stroke was only marginally mediated by hyper-
tension and diabetes, and the effect estimate of 6% was
unchanged. After controlling for hypertension and dia-
betes, the inclusion of cholesterol levels of 240 mg/dL
or greater (�6.22 mmol/L) did not further attenuate the
association between BMI and any stroke types.

Smoking, alcohol consumption, and age did not sub-
stantially modify the effect for total, ischemic, and hem-
orrhagic stroke. The risk of both ischemic and hemor-
rhagic stroke was highest among individuals with
hypertension, but no substantial effect modification was
observed between hypertension status and BMI (Figure1
and Figure 2).

Although the overall stroke 30-day fatality was 6.3%,
large differences were seen between the fatality among
stroke types. Among the hemorrhagic stroke cases, 27.9%
were fatal (25.3% of intraparenchymal hemorrhages and
38.1% of subarachnoid hemorrhages) compared with only
2.4% of ischemic strokes. Table 3 summarizes the age-
adjusted proportion of stroke severity in each BMI cat-
egory. Stroke severity for total and ischemic stroke was
not associated with BMI. For hemorrhagic stroke, mild
strokes occurred more often in men with BMIs of 30 or
greater, while fatal strokes occurred more often in men with
BMIs lower than 23. Further analysis of hemorrhagic stroke
subtypes showed that the age-adjusted inverse associa-
tion between fatal hemorrhagic stroke and BMI was pri-
marily owing to an increased incidence of subarachnoid
hemorrhage. Of the 29 fatal hemorrhagic stroke cases, 8
had subarachnoid hemorrhages, of which 3 (age-
adjusted percentage, 45.2%) occurred in men with BMIs
lower than 23 and 4 (age-adjusted percentage, 39.3%) with
BMIs between 23 and 24.9, while only 1 (age-adjusted per-
centage, 14.3%) occurred in those with BMIs between 25
and 26.9, with no cases in the heavier categories. How-
ever, the age-adjusted percentage of fatal intraparenchy-
mal hemorrhages among obese men (8.4%) was also lower
than that among men in BMI categories of less than 23 or
23 to 24.9 (30.1% each). These findings were not changed
with additional adjusted-for-hypertension.

The correlation between baseline BMI, BMI at 8 years
of follow-up (r=0.86), and BMI at the study’s end (r=0.80)
was high. Body mass index was relatively stable through-
out the study, with 42% of participants with baseline BMIs

less than 25 remaining in that category and 27% remain-
ing in the 25 to 29.9 BMI category. Of the participants,
20% increased from normal weight to overweight or from
overweight to obese and less than 1% shifted from nor-
mal weight to obese.

COMMENT

In this prospective cohort, increasing BMI was associ-
ated with a steady increase in the risks of total, ische-
mic, and hemorrhagic stroke. Although concomitant hy-
pertension and diabetes accounted for much of the
increase in total and ischemic stroke, a significant in-
crease remained after adjustment for these potential bio-
logical mediators. Although the risk of ischemic stroke
was highest among smokers and individuals with hyper-
tension, these factors did not substantially modify the re-
lationship between BMI and stroke. Body mass index was
not associated with the severity of total and ischemic
stroke, but the data suggest that it might be inversely as-
sociated with severity of fatal hemorrhagic stroke, par-
ticularly subarachnoid hemorrhage.

The association between excess weight and stroke
risk has been controversial. Among men, few prospec-
tive studies have investigated this relationship. Some of
these had small sample sizes9,10 and others did not clas-
sify stroke subtypes.11,12,16,17 To our knowledge, the as-
sociation between BMI and stroke severity has not been
examined prospectively before.

Table 1. Age-Adjusted Baseline Characteristics of the Study
Participants According to Their BMI Status*

Variable
BMI�25

(n = 12 125)
BMI 25-29.9
(n = 8105)

BMI�30
(n = 1184)

Age, mean ± SD, y 52.9 ± 9.8 53.6 ± 9.1 52.4 ± 8.7
Blood pressure,

mean ± SD, mm Hg
Systolic 124.4 ± 10.7 127.9 ± 11.2 130.8 ± 12.1
Diastolic 77.8 ± 7.3 79.9 ± 7.3 81.8 ± 7.8

Hypertension, %† 19.1 28.3 38.1
Smoking, %

Never 51.4 47.4 45.6
Past 38.2 40.7 41.5
Current 10.4 11.9 12.9

Exercise �1/wk, % 75.2 69.3 63.2
Alcohol consumption, %

�1/wk 37.9 41.5 50.6
2-6/wk 35.9 34.7 30.2
�1/d 26.2 23.8 19.2

Diabetes mellitus, % 2.0 2.5 5.0
History of angina, % 1.1 1.4 1.8
Parental history of MI, %‡ 12.7 13.6 13.4
History of high cholesterol

level, %§
11.1 12.8 12.3

Random assignment to
aspirin group, %

50.4 49.3 51.0

*Adjusted for age in 5-year categories. BMI indicates body mass index
(calculated as self-reported weight in kilograms divided by the square of the
height in meters; MI, myocardial infarction.

†Hypertension was defined as self-reported systolic blood pressure of
140 mm Hg or higher or diastolic blood pressure of 90 mm Hg or higher or
current use of antihypertensive medication (regardless of blood pressure).

‡Parental history of MI at an age younger than 60 years.
§History of elevated total cholesterol level of 240 mg/dL (�6.22 mmol/L).
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In the Honolulu Heart Program, nonsmoking men
in the highest tertile of BMI at age 25 years had a 2-fold
increased risk of ischemic stroke over 22 years of follow-
up.10 In the Whitehall Study, a 2-fold increase in risk of
stroke mortality was observed among men with BMIs of
24 or greater compared with those with BMIs less than 24.12

Obesity was also a risk factor for nonfatal stroke in a long-
term follow-up study of male college alumni.34 The mod-
est to small associations observed in some studies, such
as among 2773 elderly men and women in Chicago, Ill,9

may be a result of controlling for hypertension and dia-
betes, which may directly mediate the association be-
tween excess weight and stroke. Other studies, however,
failed to find a strong association between obesity and stroke
in men.16,17,35-37 Among women, the data are also incon-
sistent, with some studies showing a positive associa-
tion4,13,15,38 and others showing no association.8,9,14

In the Nurses’ Health Study, a nonsignificant in-
verse association was observed between BMI and hemor-
rhagic stroke.13 In contrast, we found a 6% increase in risk
of hemorrhagic stroke per unit increase of BMI. On ex-
amination by subtype, a direct association was observed
between BMI and intraparenchymal hemorrhage, while an
inverse association was observed for subarachnoid hem-
orrhage. A similar inverse association was observed in a
community-based Finnish cohort of 187 subjects with
subarachnoid hemorrhage. Low BMI (�23.5) was asso-
ciated with a markedly increased risk of subarachnoid hem-
orrhage among current smokers and those with hyper-
tension.39 If the same divergent associations between BMI
and subarachnoid and intraparenchymal hemorrhage ob-
served in our cohort of men are also present in women,
this could explain the nonsignificant inverse association
between BMI and total hemorrhagic stroke observed among

Table 2. Age-Adjusted and Multiple-Adjusted Relative Risks and 95% Confidence Intervals
of Total, Ischemic, and Hemorrhagic Stroke by BMI Category*

BMI Category

Trend Test
P Value

�23 (Reference)
(66 638

Person-Years)

23-24.9
(85 517

Person-Years)

25-26.9
(65 432

Person-Years)

27-29.9
(35 958

Person-Years)

�30
(14 734

Person-Years)

Total stroke†
No. of cases (n = 747) 151 212 201 124 59
Age adjusted 1.00 1.09 (0.88-1.34) 1.35 (1.09-1.67) 1.57 (1.24-1.99) 2.12 (1.57-2.87) �.001
Multiple adjusted‡ 1.00 1.09 (0.88-1.34) 1.32 (1.07-1.63) 1.51 (1.19-1.92) 2.00 (1.48-2.71) �.001

Ischemic stroke
No. of cases (n = 631) 128 177 171 107 48
Age adjusted 1.00 1.07 (0.86-1.35) 1.36 (1.08-1.71) 1.60 (1.24-2.07) 2.05 (1.47-2.85) �.001
Multiple adjusted‡ 1.00 1.07 (0.85-1.34) 1.33 (1.06-1.67) 1.54 (1.19-2.00) 1.95 (1.39-2.72) �.001

Hemorrhagic stroke§
No. of cases (n = 104) 19 32 28 16 9
Age adjusted 1.00 1.29 (0.73-2.28) 1.47 (0.82-2.64) 1.57 (0.81-3.05) 2.45 (1.10-5.41) .03
Multiple adjusted‡ 1.00 1.30 (0.74-2.30) 1.45 (0.81-2.60) 1.50 (0.77-2.93) 2.25 (1.01-5.01) .05

*Data are relative risk (95% confidence interval) unless otherwise specified. BMI indicates body mass index (see footnote to Table 1 for BMI calculation).
†Total stroke included strokes of unknown subtype in addition to ischemic and hemorrhagic strokes.
‡Multiple regression models adjusted for age (continuous); smoking (never, past, current); alcohol consumption (�1 drink per day, 2-6 drinks per week,

�1 drink per week); exercise (�1 time per week, �1 time per week); history of angina; parental history of myocardial infarction at an age younger than 60 years;
and randomized treatment assignment.

§Hemorrhagic strokes included both intraparenchymal and subarachnoid hemorrhages.
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Figure 1. Age-adjusted relative risk for ischemic stroke according to body
mass index (BMI) categories (calculated as self-reported weight in kilograms
divided by the square of the height in meters), and hypertension status.
Reference (relative risk=1.0): normotensive with a BMI less than 23 (P for
trend: hypertension, P=.02; normotension, P=.001).
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Figure 2. Age-adjusted relative risk for hemorrhagic stroke according to
body mass index (BMI) (for calculation of BMI, see legend to Figure 1)
categories and hypertension status. Reference (relative risk=1.0):
normotensive with a BMI less than 23 (P for trend: hypertension, P=.34;
normotension, P=.20).

(REPRINTED) ARCH INTERN MED/ VOL 162, DEC 9/23, 2002 WWW.ARCHINTERNMED.COM
2560

©2002 American Medical Association. All rights reserved.

Downloaded From: https://jamanetwork.com/ on 05/22/2023



women,13 since subarachnoid hemorrhage is more fre-
quent in women than men.40

The severity of ischemic and total stroke did not ap-
pear to be influenced by BMI in our study, while fatal
hemorrhagic stroke occurred more often in lean men than
in overweight or obese men. These findings were mainly
owing to subarachnoid hemorrhage, which has a higher
28-day case fatality rate than intraparenchymal hemor-
rhage.41,42 However, because few fatal hemorrhagic strokes
occurred in our study, we were unable to estimate more
precisely the association between hemorrhagic sub-
types and categories of BMI.

The mechanism by which BMI affects stroke risk in-
dependent of established risk factors such as hyperten-
sion and diabetes is not fully understood. Some investi-
gators have proposed that an increase in prothrombic
factors observed among overweight and obese individu-
als may contribute to their increased risk for ischemic
events.43-45 Higher levels of prothrombic factors, such as
plasminogen activator inhibitor-1 (PAI-1) antigen and
activity, fibrinogen, von Willebrand factor, and factor VII,
have been found in obese women compared with normal-
weight women.43 Adipose tissue seems to play a role in
determining elevated plasma levels of PAI-1,44 which are
also linked to the development of atherothrombosis.45 In-
creased levels of C-reactive protein in overweight and
obese individuals46,47 may also play a role in their in-
creased risk of ischemic cardiovascular events48 since an
association between increased levels of inflammatory
markers and risk of cardiovascular disease,49-51 includ-
ing ischemic stroke,52,53 has been documented.

Our study has several strengths, including its large
size, prospective design, and the relatively homoge-
neous nature of the cohort, which reduces confounding
by several variables, including access to medical care, edu-
cational attainment, and socioeconomic status. Misclas-
sification of stroke was reduced by detailed review of medi-
cal records, and interobserver agreement in classifying
stroke, stroke subtypes, and stroke severity was high. The
study also has several potential limitations. Body mass

index was calculated using self-reported data, which can
lead to misclassification. In several validation studies of
other cohorts of health professionals, however, self-
reports of height, weight, and other cardiovascular risk
factors were reliable.54-57 In the Health Professionals Fol-
low-up Study, the correlation coefficient for self-
reported and measured weight in men was r=0.97.56 Body
mass index is not a perfect measurement of adiposity,58

and abnormal regional adiposity may further increase risk
for stroke.15,37 To the extent that our single measure of
BMI imperfectly reflects adiposity, our results would tend
to underestimate the deleterious effects of obesity. More-
over, because our study population contains solely phy-
sicians who were mostly white and somewhat leaner than
the average US population,59,60 the results may not be gen-
eralizable to a less-selective population. However, since
the pathomechanism that leads to stroke is likely to be
similar across populations, our results may underrepre-
sent the contribution of obesity to stroke risk.

In conclusion, this study demonstrates that over-
weight and obese men are at increased risk of total, ische-
mic, and hemorrhagic stroke. These risks appeared to be
independent of the potential biological mediators of hy-
pertension, diabetes, and cholesterol level. These results
suggest that individuals and their physicians should con-
sider increased risk of stroke another hazard of obesity. Pre-
vention of obesity should help prevent risk of stroke in men.

Accepted for publication April 24, 2002.
This study was supported by grants CA 34944 and CA

40360 from the National Cancer Institute, Bethesda, Md, and
grants HL 26490 and HL 34595 from the National Heart, Lung,
and Blood Institute, Bethesda. Dr Kurth was supported in part
by a grant from the Heinz Nixdorf Stiftung, Essen, Germany.

The abstract of this study was presented at the 53rd
annual meeting of the American Academy of Neurology in
Philadelphia, Pa, April 9, 2001.

We are indebted to the participants in the Physicians’
Health Study for their outstanding commitment and coop-
eration; to the entire Physicians’ Health Study staff for their

Table 3. Age-Adjusted Severity of Total, Ischemic, and Hemorrhagic Stroke According to BMI Categories*

BMI Category

Trend Test
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(n = 5311)
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(n = 6814)

25-26.9
(n = 5227)

27-29.9
(n = 2878)

�30
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Mild (n = 456) 63.2 58.6 57.9 62.8 61.4 .22
Severe (n = 230) 27.8 30.5 32.6 32.3 32.2 .14
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Severe (n = 189) 28.4 30.9 32.2 27.9 32.1 .24
Fatal (n = 15) 0.6 3.5 4.1 2.0 0 .46
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Severe (n = 39) 36.9 31.0 42.4 35.2 14.9 .77
Fatal (n = 29) 41.2 35.7 22.3 26.5 7.7 .06

*Data are percentage of patients unless otherwise specified. BMI indicates body mass index (see footnote to Table 1 for BMI calculation).
†Total stroke included strokes of unknown subtype in addition to ischemic and hemorrhagic strokes.
‡Hemorrhagic strokes included both intraparenchymal and subarachnoid hemorrhages.
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