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Abstract

Background: High body mass index (BMI) has been
reported as a risk factor for cardiovascular events in
Western countries, while low BMI has been reported as a
risk factor for cardiovascular death in Asian countries,
including Japan. Although stroke is a major cause of death
and disability in Japan, few cohort studies have examined
the association between BMI and stroke incidence in
Japan. This study aimed to examine the association
between BMI and stroke incidence using prospective data
from Japanese community residents.

Methods: Data were analyzed from 12,490 participants in
the Jichi Medical School Cohort Study. Participants were
categorized into five BMI groups: <18.5, 18.6-21.9, 22.0-
24.9, 25.0-29.9, and >30.0 kg/m2. Multivariate-adjusted
hazard ratios (HRs) and 95% confidence intervals (CIs)
were calculated using the Cox proportional hazard model.
The group with a BMI of 22.0-24.9 kg/m?2 was used as the
reference category.

Results: During mean follow-up of 10.8 years, 395
participants (207 men and 188 women) experienced stroke,
including 249 cerebral infarctions and 92 cerebral
hemorrhages. Men with a BMI <18.5 kg/m2 (HR 2.11; 95%
CI, 1.17-3.82) and women with a BMI >30.0 kg/m2 (HR

2.25; 95% CI, 1.28-5.08) were at significantly higher risk



for all-stroke. Men with a BMI <18.5 kg/m2 were at
significantly higher risk for cerebral infarction (HR 2.15;
95% CI, 1.07-4.33).

Conclusions: The association between BMI and stroke
incidence observed in this population was different than
those previously reported: low BMI was a risk factor for
all-stroke and cerebral infarction in men, while high BMI

was a risk factor for all-stroke in women.



Introduction

Stroke is a major cause of death and disability in Japan.
In 2013, stroke was responsible for nearly 120,000 deaths,
and stroke currently accounts for 9.3 percent of all-cause
death in Japan.! Body mass index (BMI) is used as a
measure of body fat metabolism and has been used to
define obesity, overweight, and leanness in numerous
epidemiological studies.?2 Epidemiologic studies3® in
Western and Asian countries have reported that high BMI
is a significant risk factor for mortality due to
cardiovascular disease (CVD), including stroke. However,
several epidemiologic studies on the association between
BMI and stroke mortality in Japan have reported non-
linear relationships®¢ 1! and no significant association.!2
Considering the serious consequences of stroke,
information regarding stroke incidence and mortality is
important. Among the Japanese population, the acute case-
fatality rate for cerebral infarction is less than 10
percent.13.14 Nevertheless, non-fatal stroke is a major
cause of lifelong disability and places a heavy burden on
Japan's long-term care insurance system.15

European and North American studies'622 have reported
that high BMI is significantly associated with an increased
incidence of stroke. However, in some of those studies,8.22

the significance of this association disappeared after



adjusting for potential confounders. To the best of our
knowledge, only a few cohort studies?3°25> have examined
the association between BMI and stroke incidence in
Japan. Additionally, the sex ratios, implementation
periods, stroke types, BMI ranges, and adjusted factors
differed among these studies; therefore, the association
between BMI and stroke incidence in the Japanese
population remains unclear.

In this study, we examined the association between BMI
and stroke incidence in Japanese community residents

using data from the Jichi Medical School Cohort Study.



Methods
Study population

We obtained baseline data from the Jichi Medical School
Cohort Study, a population-based prospective study
conducted in 12 rural Japanese communities between April
1992 and July 1995 that investigated risk factors for
CVD.26 In accordance with the Health and Medical Service
Law for the Aged of 1982, mass screening examinations for
CVD have been conducted since 1983. Study data were
collected on the basis of these examination results. The
participants for the mass screening examinations were
residents aged 40-69 years in eight areas, and residents
aged 19 years and older in another area. Participants from
other age groups in the remaining three areas were also
included.

In each community, a local government office sent
personal invitations to all participants by mail. Among the
12,490 individuals (4911 men and 7579 women) who
participated in the mass screening examinations and
underwent a basic medical checkup, the response rate was
about 99%. Those who did not agree to be followed (n. 95),
those without BMI data (n. 504), and/or those with a
history of stroke (n. 113), myocardial infarction (n. 65),
angina pectoris (n. 221) or cancer (n. 142) were excluded.

Ultimately, overlapping data from 11,404 participants



(4444 men and 6960 women; age range, 19-90 years) were
analyzed.
Baseline examinations

Health checkups were carried out in each community.
Body height was measured without shoes, and body weight
was recorded while fully clothed and then adjusted by
subtracting 0.5 kg (in the summer) or 1 kg (in other
seasons) to account for clothing. BMI was calculated as
weight (kg) divided by the square of height (m). Systolic
blood pressure (SBP) was measured using a fully automatic
sphygmomanometer (BP203RV-II; Nippon Colin, Komaki,
Japan). Serum lipids (total cholesterol [TC], high-density
lipoprotein [HDL] cholesterol, and triglycerides [TG]) and
blood glucose (BG) were also measured using standard
methods, as previously reported.26

Information regarding medical history and
sociodemographic characteristics was obtained by trained
interviewers using standardized questionnaires. Smoking
status was defined as current smoker, ex-smoker, or never
smoker, and alcohol drinking status was categorized as
current drinker, ex-drinker, or never drinker.

Follow-up

We obtained baseline data from the mass screening
examinations and subsequently attempted to follow all of

the participants annually. We asked the participants



directly whether they had experienced stroke or
myocardial infarction after the baseline study. If they had,
we asked which hospital they had visited and when they
did so in order to ascertain the incidence of disease. The
participants who had not undergone screening
examinations were contacted via mail or telephone or
visited at home by a public health nurse. We also checked
medical records to verify whether the participants had
visited the hospital. If an incident case was suspected, we
collected computed tomography or magnetic resonance
imaging for evidence of stroke, or electrocardiograms for
evidence of myocardial infarction. Death certificates were
collected at public health centers with permission from the
Agency of General Affairs and the Ministry of Health,
Labour and Welfare. Based on data obtained annually from
each municipal government, a total of 386 participants
moved out of the study area during the follow-up period.
We stopped following such participants on the day they left
their respective areas. Follow-up was also discontinued for
participants who died before the end of the study. Death
resulting from CVD was included in the CVD incidence
data. Follow-up of all participants was continued until the
end of 2005.

Diagnostic criteria



CVD was defined as stroke, myocardial infarction, or
sudden death, whichever occurred first. The diagnoses
were determined independently by a diagnosis committee
consisting of a radiologist, a neurologist, and two
cardiologists. To establish diagnosis, stroke was defined as
sudden onset of a focal, non-convulsive neurological deficit
persisting longer than 24 h. Stroke subtypes were
classified as cerebral infarction, hemorrhagic stroke
(cerebral hemorrhage and subarachnoid hemorrhage), or
undetermined according to the criteria of the National
Institute of Neurological Disorders and Stroke.27

Myocardial infarction was diagnosed according to the
criteria of the World Health Organization Multinational
Monitoring of Trends and Determinants in Cardiovascular
Disease Project.28 Details of the design of this study have
been described previously.26
Statistical analysis

All analyses were performed separately for men and
women using SPSS for Windows (version 21.0; IBM Japan,
Inc., Tokyo, Japan). First, BMI was categorized into the
following five groups based partly on the Criteria for
Obesity Disease by the Japan Society for the Study of
Obesity: <18.5, 18.6-21.9, 22.0-24.9, 25.0-29.9, and >30.0
kg/m2.29 One-way analysis of variance and the chi-square

test for variables were performed to clarify the



assoclations between BMI and potential confounders.
Finally, the Cox proportional hazards model was used to
calculate hazard ratios (HRs) and 95% confidence intervals
(CIs) for stroke incidence in relation to BMI, adjusting for
age (HR1), as well as SBP, TC, HDL cholesterol, TG,
diabetes mellitus (DM), smoking status and alcohol
drinking status (HR2). All categorical variables, including
BMI, were treated as dummy variables. The group with a
BMI 22.0-24.9 was used as the reference category in all
analyses. Age, SBP, TC, HDL cholesterol and TG were
entered into the model as continuous variables. DM
(fasting BG >126 mg/dL or casual BG >200mg/dL, or
history of use of diabetic medication), smoking status
(current, ex-, or never smoker), and alcohol drinking
status (current, ex-, or never drinker) were entered as
categorical variables.

All reported P values are two-tailed. P values < 0.05 were
considered statistically significant.
FEthical considerations

This study was approved by the Institutional Review
Board of Jichi Medical School (Epidemiology 03-01) and the
Ethics Committee of Saitama Prefectural University
(25518). Written informed consent was obtained from all

participants.



Results

The baseline characteristics of participants by BMI group
are shown in Table 1. In both sexes, BMI was positively
correlated with SBP, TC, and TG, and inversely correlated
with HDL cholesterol. The group with a BMI >230.0 kg/m?2
tended to have DM, and men in the higher BMI groups
were less likely to be current and ex-smokers. During an
average follow-up period of 10.8 years, 395 participants
(207 men and 188women) experienced stroke. Regarding
the type of stroke, 249 cerebral infarctions (149 men and
100 women), 92 cerebral hemorrhages (45 men and 47
women), and 54 subarachnoid hemorrhages (13 men and 41
women) were reported.

Incidence rates for stroke in each BMI group are shown in
Tables 2 and 3 and in Fig. 1. In men, the group with a BMI
<18.5 kg/ m2 had the highest stroke incidence. Conversely,
in women, the group with a BMI >30.0 kg/m2 had the
highest stroke incidence.

Adjusted HRs and 95% ClIs are shown also in Tables 2 and
3. In men, the BMI 25.0-29.9 kg/m?2 group was combined
with the BMI >30.0 kg/m2 group because both groups only
had one case of cerebral infarction, and only the BMI
>30.0 kg/m2 group had a case of hemorrhagic stroke. In

women, the BMI <18.5 group was combined with the BMI



18.6-21.9 kg/m?2 group because no cases of hemorrhagic
stroke were reported in the BMI <18.5 group.

In men, the HR2 for all-stroke was significantly higher in
the BMI <18.5 kg/m?2 group (HR2 2.11; 95% CI, 1.17-3.82).
In women, the BMI >30.0 kg/m2 group had significantly
higher HR1 (HR1 3.61; 95% CI, 1.99-6.57) and HR2 (HR2
2.25; 95% CI, 1.28-5.08) for all stroke. HR2 for cerebral
infarction was high with borderline significance (HR2 2.48;
95% CI, 0.94-6.56). HR2 for cerebral hemorrhage was also
high, but not statistically significant (HR2 2.41; 95% CI,
0.54-10.72). In addition, HRs were calculated using BMI as
a continuous value. HR1 for all-stroke in women and HR2
for cerebral hemorrhage in men were statistically

significant.



Discussion

After adjusting for potential confounders, men with a BMI
<18.5 kg/m?2 were at significantly higher risk for all-stroke
and cerebral infarction, whereas women with a BMI >30.0
kg/m?2 were at increased risk for all-stroke.

To the best of our knowledge, the association between
BMI and stroke incidence in Japan has only been evaluated
in three previous cohort studies. Although our study was
similar to those previous studies in terms of design, period
of implementation, and age range of participants, our
results were inconsistent with previous findings. The
Hisayama study reported that high BMI was associated
with a high incidence of cerebral infarction in men, but not
in women.25> The Japan Public Health Center-Based
Prospective (JPHC) Study reported that higher BMI was
associated with an increased risk of stroke in women, but
not in men.23 Females in the Hisayama study were more
likely to be current smokers than those in our study. In
addition, the JPHC study used a self-administered
questionnaire to identify hypertension, DM, and
dyslipidemia, and calculated BMI using self-reported
information. These differences could explain the
inconsistencies in the findings between our study and the

previous studies. A meta-analysis performed by the Japan



Atherosclerosis Longitudinal Study group reported a
significantly elevated incidence of cerebral infarction and
hemorrhage in both sexes with a BMI >27.5 kg/m2,
although this significance disappeared after adjusting for
SBP.24 In our study, adjusting for SBP did not attenuate
the significance of the association between high BMI and
an elevated risk of stroke in women. Significant positive
associations have been reported between high BMI and
incidence of cerebral infarction in both sexes in North
American and European studies.16°22 However, some of
those results were no longer statistically significant after
adjusting for potential confounders, such as hypertension,
DM, and dyslipidemia. 18.22 In addition, to date, no
significant association between low BMI and an increased
risk of stroke incidence has been reported. Therefore, our
study may represent new epidemiologic findings.
Furthermore, in terms of studies in which the end point
was mortality, only non-linear relationships, such as U-
shaped,”10.11 Jshaped,® and inverted J-shaped
relationships,®8 have been reported between BMI and stroke
mortality. Our incidence study observed a similar
relationship to that reported in the Miyako study
(conducted in Japan), in which low BMI appeared to be
associated with an increased risk of stroke mortality in

men.Y



Our results suggest that low BMI in men is associated
with an increased risk of stroke. Even though BMI
measurement is limited in that fat-related weight is not
distinguished from muscle-related weight, it is widely used
and well accepted in epidemiologic research and clinical
practice. Although the association between
physiological factors, such as obesity, leanness, and
proneness to disease, remains unknown, low BMI may
result in health risks, such as low muscle mass, which are
associated with worsening nutritional status, poor physical
fitness, inflammation, and altered hormonal milieu.30
Further investigations are needed to achieve a better
understanding of the risk of stroke in patients with low
BMI.

The primary strength of our study was that it evaluated
stroke incidence among both sexes based on a large
Japanese cohort study. In addition, data were obtained in
a standardized fashion. Only validated cases of stroke
among annual health examination participants who had no
history of CVD at baseline were included. The diagnosis of
stroke was made by an independent committee using
accepted diagnostic criteria, which minimized the
possibility of information bias.

However, this study did have several limitations. First,

although the study participants were selected from a



population-based health examination, the selections were
not randomized. Among the health examination
participants, the proportions treated for hypertension, DM,
and/or dyslipidemia were lower than those reported in a
national health and nutrition examination survey.3!
Therefore, the participants in this study appeared to be
somewhat healthier than the general population. Second,
smoking status, alcohol drinking status, and history of
medication were all self-reported, and the participants
were weighed with their clothes on; therefore, some
inaccuracies can be expected. Third, cases involving
asymptomatic stroke were not included; therefore, stroke
incidence may have been underestimated. Finally, the
significant findings were based on 11 incident stroke cases
involving lean men and 13 cases involving obese women.
Even though these results were statistically significant
after adjusting for age and other major potential CVD risk
factors, these findings may have been a chance

observation.



Conclusion

The results of this study suggest that men with a BMI
<18.5 kg/m? and women with a BMI >30.0 kg/m?2 are at
significantly higher risk for all-stroke, and men with a
BMI <18.5 kg/m?2 are at significantly increased risk for
cerebral infarction. These results could provide potentially
useful information to stimulate further studies regarding
the association between BMI and stroke incidence among

Japanese community residents.
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Abstract

Background: Whereas high body mass index (BMI) is

reportedly a risk factor for cardiovascular events in Western
countries, low BMI has been reported as a risk factor for
cardiovascular death in Asia, including Japan. Although
subarachnoid hemorrhage (SAH) is a highly fatal disease
and common cause of disability, few cohort studies have
examined the associations between BMI and SAH in Japan.
This study investigated the associations between BMI and
incidence of SAH using prospective data from Japanese
community residents.

Methods: Data were analyzed from 12,490 participants in
the Jichi Medical School Cohort Study. Participants were
categorized into 5 BMI groups: <18.5, 18.6-21.9, 22.0-24.9,
25.0-29.9, and >30.0 kg/m2. Multivariate-adjusted hazard
ratios (HR) and 95% confidence intervals (CI) were
calculated using Cox proportional hazard model with BMI of
22.0-24.9 kg/m? as the reference category.

Results: During the mean follow-up period of 10.8 years, 55
participants (13 men, 42 women) experienced SAH. BMI
>30.0 kg/m? was associated with significantly higher risk
for SAH (HR, 5.98; 95% CI, 2.25-15.87). BMI <18.5 kg/m?2
showed a nonsignificant tendency toward high risk of SAH
(HR, 2.51; 95% CI, .81-7.79).

Conclusions: High BMI was a significant risk factor for SAH.




Lower BMI showed a nonsignificant tendency toward higher
risk of SAH. Our results suggest a J-shaped association

between BMI and risk of SAH incidence.

Key Words: Body mass index, subarachnoid hemorrhage,

community-based cohort study, Japanese population.



Introduction

Subarachnoid hemorrhage (SAH) was responsible for the
deaths of almost 12,476 people in 2015 in Japan,! and the
estimated annual number of patients was 36,000 in 2011.2
The rate of acute case fatality for SAH is very high (40%-
60%),3:4 particularly among the young.

Body mass index (BMI) is used as a measure of body fat
metabolism and has been used to define obesity,
overweight, and leanness in many epidemiologic studies.
This index has been recognized as an important risk factor
for the development of cardiovascular diseases (CVD).
Nevertheless, limited information is available regarding
the association between BMI and SAH in community based
cohort studies. Some European cohort studies have shown
that subjects with high BMI had a low risk of SAH,5¢ but
the results were not statistically significant. A meta-
analysis of 26 Asian-Pacific cohorts suggested BMI had no
significant association with SAH.7

To the best of our knowledge, only 2 cohort studies have
reported on the association between BMI and SAH in
Japan. The Japan Collaborative Cohort (JACC) study
showed low BMI as a risk factor for SAH mortality.8
However, another study reported a nonsignificant trend

toward an association between BMI and incidence of SAH.?



The significance of BMI as a risk factor for SAH incidence
thus remains controversial.

This study examined the association between BMI and
spontaneous SAH incidence in Japanese community
residents using data from the Jichi Medical School Cohort

Study.



Methods
Study Population

We used data from the Jichi Medical School Cohort Study,
a population-based prospective study. The baseline survey
administered in 12 Japanese municipalities between April
1992 and July 1995 collected data on sociodemographic
characteristics, anthropometric measurements, and
potential risk factors for CVD.10 This survey was
conducted in accordance with the Health and Medical
Service Law for the Aged of 1982.

Study data were collected on the basis of these
examination results. Participants for the baseline
examinations were residents between 40 and 69 years old
in 8 areas, and residents >19 years old in one other area.
Participants from other age groups in the remaining 3
areas were also included.

In each community, a local government office mailed
invitations to all residents who were eligible for the health
mass screening based on the law, and 62.7% of them
participated. Finally, 99% of the participants (12,490
participants; 4911 men and 7579 women) consented to be
subjects of this study. Figure 1 shows the geographic
location of the 12 municipalities and the number of

participants.



Individuals who did not agree to be followed (n = 95),
those without BMI data (n = 504), and those with a history
of stroke (n = 113), myocardial infarction (n = 65), angina
pectoris (n = 221), or malignant neoplasm (n = 142) were
excluded. Finally, data from 11,404 participants (4444 men
and 6960 women; age range, 19-90 years) were available
for analysis.

Baseline Examinations

Body height was measured without shoes, and body
weight was recorded while fully clothed and then adjusted
by subtracting 0.5 kg (in the summer) or 1 kg (in other
seasons) to account for clothing. BMI was calculated as
weight (in kilograms) divided by the square of height (in
meters). Systolic blood pressure (SBP) was measured with
a fully automatic sphygmomanometer (BP203RV-II; Nippon
Colin, Komaki, Japan). Serum lipids (total cholesterol
[TC], high-density lipoprotein [HDL] cholesterol, and
triglycerides [TG]) and blood glucose (BG) were also
measured using standard methods, as reported previously.
Trained interviewers using standardized questionnaires
obtained information regarding medical history and
sociodemographic characteristics. Smoking status was
defined as current smoker, ex-smoker, or never smoker,
and alcohol drinking status was classified as current

drinker, ex-drinker, or never drinker.



Follow-Up

We attempted annual follow-ups with all participants.
Participants were asked directly whether they had
experienced stroke or myocardial infarction after the
baseline study. Participants who had not undergone annual
screening examinations were contacted by mail or
telephone, or received home visits by public health nurses.
If an incident case was suspected, we reviewed the medical
records to document symptoms and signs, images from
computed tomography or magnetic resonance imaging as
evidence of stroke, or electrocardiograms for evidence of
myocardial infarction. Death certificates were collected at
public health centers with permission from the Agency of
General Affairs and the Ministry of Health, Labour and
Welfare.

Based on data obtained annually from each municipal
government, a total of 386 participants moved out of the
study area during follow-up. Thus, follow-up of these
participants were ceased on the day they moved out from
their respective area. Follow-up was also discontinued for
participants who died before the end of the study. Death
caused by CVD was included in the CVD incidence data.
Follow-up of all participants was continued until December
31, 2005.

Diagnostic Criteria



CVD was defined as stroke, myocardial infarction, or
sudden death, whichever occurred first. Diagnoses were
determined independently by a diagnosis committee
comprising a radiologist, a neurologist, and 2
cardiologists. To establish diagnosis, stroke was defined as
sudden onset of a focal, nonconvulsive neurologic deficit
persisting longer than 24 hours. Stroke subtypes were
classified as cerebral infarction, cerebral hemorrhage,
SAH, or undetermined according to the criteria of the
National Institute of Neurological Disorders and Stroke.!!
Spontaneous SAH was diagnosed with cranial computed
tomography performed to confirm the hyperdense
appearance of extravasated blood in the subarachnoid
space or basal cisterns. SAH due to traumatic brain injury
was excluded by reviewing medical records. Myocardial
infarction was diagnosed according to the criteria of the
World Health Organization Multinational Monitoring of
Trends and Determinants in Cardiovascular Disease
Project.12 Details of the design of this study have been
described previously.10
Statistical Analysis

All analyses were performed using the SPSS for Windows
version 22.0 (IBM Japan, Tokyo, Japan). BMI was
categorized into the following 5 groups based partly on the

Criteria for Obesity Disease by the Japan Society for the



Study of Obesity: <18.5, 18.6-21.9, 22.0-24.9, 25.0-29.9,
and >30.0 kg/m2.13 One-way analysis of variance and the
chi-square test for variables were used to clarify the
assoclations between BMI and potential confounders.
Finally, Cox proportional hazards model was used to
calculate hazard ratios (HRs) and 95% confidence intervals
(CIs) for the incidence of SAH in relation to BMI,
adjusting for age and sex (HR1), SBP, TC, HDL, TG,
diabetes mellitus (DM), smoking status, and alcohol
drinking status (HR2). The group with BMI 22.0-24.9 was
used as the reference category in all analyses. Age, SBP,
TC, HDL, and TG were entered into the model as
continuous variables. DM ([fasting BG >126 mg/dL or
casual BG >200 mg/dL, or history of diabetic medication]),
smoking status (current, ex-smoker, or never smoker), and
alcohol drinking status (current, ex-smoker, or never
drinker) were entered as categorical variables.

All reported P values are two-tailed. Values of P < 0.05
were considered statistically significant.

Ethical Considerations

This study was approved by the institutional review board
of Jichi Medical School (Epidemiology 03-01) and he ethics
committee of Saitama Prefectural University (27511).

Written informed consent was obtained from all



participants prior to enrollment. All municipal councils of

the 12 communities approved this study design.



Results

The baseline characteristics of the participants
categorized by BMI group are shown in Table 1. In both
sexes, BMI correlated positively with SBP, TC, and TG,
and inversely with HDL cholesterol. Men in the higher
BMI groups were more likely to be younger, nonsmokers,
nonalcohol drinkers, and diabetics. Women in the low and
high BMI groups were more likely to be current smokers.

During the mean follow-up period of 10.8 years, 396
participants (207 men, 188 women) experienced stroke. The
type of stroke was SAH in 55 patients (13 men, 42 women),
cerebral infarction in 249 (149 men, 100 women), and
cerebral hemorrhage in 92 (45 men, 47 women).

Incidence rates and adjusted HRs with 95% CI for stroke
in each BMI group are shown in Table 2. The group with
BMI 22.0-24.9 kg/m?2 was used as the reference group. The
BMI >30.0 kg/m?2 group showed significantly higher HR1
(HR1, 6.99; 95% CI, 2.70-18.10) and HR2 (HR2, 5.98; 95%
CI, 2.25-15.87). The BMI <18.5 kg/m?2 group showed a
nonsignificant trend toward higher HR (HR1, 1.90; 95%

CI, .63-5.74; HR2, 2.51; 95% CI, .81-7.79).



Discussion

We analyzed data from a community-based cohort study
with a mean follow-up period of 10.8 years. After adjusting
for age, sex, and potential confounders, HRs for SAH were
significantly high in the group with BMI >30.0 kg/m2. The
group with BMI <18.5 kg/m2 tended to show high HRs for
SAH. Our results seem to show a J-shaped association
between BMI and risk of SAH incidence.

To the best of our knowledge, this represents the first
cohort study to demonstrate a significant association
between high BMI and increased risk of spontaneous SAH
incidence in Japan. Only 2 previous cohort studies have
evaluated the association between BMI and spontaneous
SAH among Japanese community residents. A multisite
community-based cohort study® indicated that BMI level
was not associated with the incidence of spontaneous SAH.
That study was similar to our own in terms of design and
the age range of participants. On the other hand,
implementation time in that study was 10 years earlier
than in our study. At that point, images from computed
tomography were not available for diagnosis in 17% of
cases. In addition, hypertension was used as a category in
multivariate analyses. The JACC study?® reported low BMI
(<18.5 kg/m2) as a significant risk factor for spontaneous

AH death in men, but not in women, although the



significance of the results was attenuated in additional
sex-stratified analyses. Implementation time, follow-up
period, and some baseline characteristics of the JACC
study were similar to those in our study. Sex ratios
(men:women) for SAH cases in both previous studies were
approximately 1:2, compared with 1:3 in our study. Case
certification of SAH in the JACC study was inferred from
the death registration under the Family Registration Law.
These differences between previous studies from Japan and
our own could explain inconsistencies in the results. In
Europe and Asia, several population-based cohort studies
have examined BMI and SAH risk. A cohort study in
Finland showed BMI was inversely associated with risk of
SAH.5 The HUNT study in Norway reported a U-shaped
relationship, with the group with BMI 25-29.9 showing the
lowest risk.!4 Two large-scale prospective studies using a
nationwide database of medical record for about 1 million
individuals were conducted in British women® and Korean
men.15> The former showed decreased SAH risk with
increased BMI. In contrast, the latter reported a
nonsignificant association between BMI and SAH risk. A
pooled analysis of 26 cohorts from eastern Asia and
Oceanian countries failed to identify BMI as a significant
risk for SAH.1¢ In a nested case-control study in Norway,17

the odds ratios of SAH did not differ significantly among



BMI groups. Two case-control studies in the United
States!8.19 reported the inverse relationship between BMI
and SAH risk, whereas no significant association was
revealed in an Australian study.20 These studies varied in
study design, implementation period, and case
identification procedure. Furthermore, age, sex ratio, BMI,
SAH incidence, and ethnicity of subjects all differed with
our own. The group with the lowest BMI was categorized as
<18.5 kg/m? in Asian studies, compared with about 23
kg/m2 in European and North American studies. BMI >30
kg/m2 accounted for over 10% of subjects in the HUNT
study, whereas 2.1% of the subjects were in the group with
BMI >30 kg/m?2 in our study. A meta-analysis suggested the
risk of hemorrhagic stroke decreased with increasing BMI
level in Western studies, but increased in Asian studies.
Ethnicity could partly explain the differences in the
results between Western studies and Asian studies,
including our study.

Epidemiologic studies in Japan and Western countries
have reported the risk factors for SAH such as female,
hypertension,7°9.14,16,21-23 gmoking,24 heavy alcohol
drinking, high coffee consumption,25 high mental stress,
high salt intake, family history of stroke, history of blood
transfusion, and low temperature and high atmospheric

pressure in winter.8:9.21-23,25,26 On the other hand,



hypercholesterolemia decreased the risk of SAH.21 After
adjusting for some of these factors, our results remained
statistically significant. Our study could identify new
epidemiologic findings.

The strength of our study was that SAH incidence was
evaluated based on a large Japanese cohort study that
included both sexes. Data were obtained in a standardized
manner. Validated cases of CVD among annual health
examination participants who had no history of CVD at
baseline examinations were included. The diagnosis of SAH
was made by an independent committee using accepted
diagnostic criteria, minimizing the possibility of
information bias.

Several limitations to this study must be considered.
Although study participants were selected from a
population-based health examination, selections were not
random. Selection bias is problematic if response rate is
low. In this study, the response rate for the target
population (62.7%) would be considered rather high.10
However, the selection bias could exist to some extent.
Among health examination participants, the proportions
treated for hypertension, DM, or dyslipidemia were lower
than those reported in a national health and nutrition
examination survey.27 Participants in this study thus

appeared somewhat healthier than the general population.



Smoking status, alcohol drinking status, and history of
medication were all self-reported, and BMI was calculated
based on body weight of the fully clothed subject;
therefore, some inaccuracies can be expected. Compared
with the Western studies, the small number of participants
with BMI >30.0 kg/m2 reduced our statistical power to
evaluate risk among obese subjects. The number of male
incident cases (13) was small so that risk estimation for
men was limited. Finally, a high prehospital mortality rate
could make SAH diagnosis difficult. During follow-up, we
documented 41 cases of sudden death, defined as death
within 24 hours after symptom onset. However, all cases of
sudden death were reviewed carefully by the diagnostic

committee to rule out SAH.



Conclusion

In this community-based cohort study, the group with
BMI >30.0 kg/m2 was at significantly higher risk of SAH.
Our results suggest a J-shaped association between BMI
and risk of SAH incidence. This result could provide
potentially useful information to stimulate further studies
regarding associations between BMI and SAH incidence

among community residents.
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4. KD £ &

VRGBT 108 THh -7, DM, 39564 (HH
207 4. ME 188 4) MMM & FEME Lo, PIERIE . AR E
2249 4 (B 1494, &M 1004) . WMHm2 924 (5B
P ab &, KM 474) < BETHMmMZ 544 (HM 134,
414 ) Th oI,

zeh o 2 4 75 HR B8 X N 95% CI 0 H 12 H 7= » TIX,
Mo 2E . M 2E P B W Tk, B % Tk BMI3O kg/m2 Bl E T o
AR ZERIEE DN 14 LB 6T, 25 kg/m2ll o7 Lv—7¢&
by T+ L, £, KMHETIE, 18.5 kg/m?2
UToZ7nVv—7THKMHILOREEN B LT, 18.6 kg/m2 Ll I
21.9 kgm2  FOT7 Vv—TLH5bEybdZ LE LT,

HR2 TliX. &Mz m THM D 18.5 kg/m2LL F D 7 )b — 7N
HR2=2.11 (95%CI: 1.17-3.82) . Z M ® 30 kg/m2LL k7 v
— 7 T HR1=3.61(1.99-6.57), HR2=2.25 (1.28-5.08) & H &
mAE R LD MEZE TR, BMHEO 18.5 kg/m2 LT D Z v —
7 ¢ HR2=2.15 (1.07-4.33) &7 b, %« 7 Ti¥ 30 kg/m2 Ll
» 7N —7 T HR2=2.48(0.94-6.56) X HFE CTlX 2 W R KR — &
— 4 v ElZHo, M <TiE, BHEOMKY BMI 7 v — 7
ELMEDOFHWBMI V7V —7 TEWHREZ R LEDAHE T2
Mmode, K BHBBETHM CIEXARO@Y BZEbE Tomir%
fToTW2bMN, 30 kg/m2Ll Lo 7 v—7T HR1=6.99 (2.70-
18.10) . HR2=5.98 (2.25-15.87) A EIC®m <. 18.5

kg/m2L FTOZ NV —7THLHEETEHRNEOD



HR1=1.90(0.63-5.74), HR2=2.51(0.81-7.79) & & < 72 % 1A
Wz & o7z,

bEofRE2ENT 2L, FMmE, MEE. BE. B
R E DM R ERAFTHELTH, BHEO MR,
b A8 JE T IX K v BMI T, &0 &M H Tl E V> BMI T
FhEnmHR Zor Le, < BT HIf T, & v BMI I
BOWTHRAMAEICEHL, KW BMILIZE W TH KA K
WICELRP>TPN HRAEF T 5mAALR, 2ETIEJ
TR O R o T,

UEXD, BRARDEROHIFR EIZELRYD, KRS RHE T
T & W BMI @ A 72 659, K\ BMI T M2 o B2 k&
THZLERL, MAETR TRICEIT 2 E 7 BMIfE 2 R % S
Nz, KXHF TR REZAKFIERONLS ONORRFITH 2N, T
MWEOMZER FHIZHELGE T 22 EFTMAE 272,

HSHOMEE LT, AMBEETEZLYE DD E O 2D K F
MAFRTH TN, ABOBARANEHICENNTENT 5T
H A5, mw BMI(30 kg/m2 LL E)D B IZ &5 2 M2 b i &
DREREICOVWTORMNNRLETH 5,

FLEERABTHOCRBEHEOCR A NDLIX., MEFTEZTHT 5
Wi 72 BMI 2 #fE T 27200 BAESHERKIEH, KOZE N
COEREZXBETHHESHERICOVWTOHELLETDH
% .



