Sakane et al. BMC Public Health 2011, 11:40
http://www.biomedcentral.com/1471-2458/11/40

subgroup analysis was difficult. But we found a signifi-
cant reduction in cumulative incidence (log-rank test: p
.= 0.027) for the subjects with a BMl> 22.5. Thus the
effects of the intervention for lean subjects might
attenuate the impact on the incidence. Regarding this, it
would be important to clarify an effective measure for
the prevention of diabetes in subjects with a low BMI in
future studies, since the Japanese IGT population
includes a considerable number of such subjects.

In the DPP, weight reduction was found to be essen-
tial for the lifestyle intervention to be beneficial [5]. In
an Indian Study [7], however, the benefits seemed inde-
pendent of weight change. In a hospital-based lifestyle
intervention, Kosaka concluded that the benefits of life-
style intervention could not be solely ascribed to weight
reduction [6]. The present study found that minimal
weight reduction in the intervention group (less than 3%
on average) lowered the relative risk to 53% over
3 years, similar to the risk reduction seen in the DPS
and DPP (58%) where the subjects lost 5-7% of body
weight on average. Thus it seems that the relationship
between body weight and diabetes risk in Asians is not
as straightforward as in Western people. Asians have
lower BMI but higher body fat levels than do whites
[25,26]. Japanese Americans are prone to develop visc-
eral obesity and metabolic syndrome {27,28]. A reason-
able explanation for the present findings might be a
more profound reduction in specific fat depots, such as
visceral fat and liver fat. It has been reported that life-
style intervention with diet and physical activity is effec-
tive at reducing hepatic steatosis in patients with non-
alcoholic fatty liver disease [29]. Although there was no
difference in daily alcohol consumption between the
groups, we found that serum GGT levels decreased in
the intervention group, but increased in the control
group. These findings are important, since it has been
reported that the serum concentrations of GGT and
ALT are a predictive marker of type 2 diabetes [30-33],
even at concentrations still considered to be within the
normal range [34]. Thus, the difference in the changes
in GGT levels between the groups is likely to reflect
changes in liver fat contents. Further examination
including abdominal ultrasonography and computed
tomography [35] will be needed.

Conclusions

In conclusion, the present study suggests that lifestyle
intervention using existing healthcare resources in com-
munities and workplaces is beneficial in preventing or
delaying the development of diabetes in middle aged
Japanese with IGT. General improvements in lifestyle
including dietary and exercise habits might be meaning-
ful even if the weight reductions achieved are only
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modest. The findings have important implications for
primary healthcare-based diabetes prevention.
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ALT: Alanine aminotransferase; AST: Aspartate aminotransferase; BML: Body
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DPS: Diabetes Prevention Study; FFQ Food frequency questionnaire; FPG:
Fasting plasma glucose; GGT: Gamma-glutamyltransferase; HDL: High-density
lipoprotein; HOMA: Homeostasis model assessment; IGT: impaired glucose
tolerance; LTPA: Leisure time physical activity, OGTT: Oral glucose tolerance
test.
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Body mass index and stroke incidence in a Japanese
community: the Hisayama study

Koji Yonemoto!, Yasufumi Doi-2, Jun Hata!?, Toshiharu Ninomiya"?, Masayo Fukuhara'Z, Fumie Ikedal:2,

Naoko Mukail, Mitsuo lida® and Yutaka Kiyohara!

Although obesity is one of the major risk factors for coronary heart disease, its role in the development of stroke remains
controversial. A total of 2421 residents, aged 40-79 years of a Japanese community were followed up prospectively for

12 years. The subjects were divided into four groups according to body mass index (BMI) levels (<21.0, 21.0-22.9, 23.0-24.9
and >25.0kgm=2). During the follow-up, 107 ischemic and 51 hemorrhagic strokes occurred. The age-adjusted incidence

of ischemic stroke for men significantly increased with increasing BMI levels (P for trend=0.005). This association remained
substantially unchanged even after adjustment for other risk factors: namely, systolic blood pressure, electrocardiogram
abnormalities, diabetes, total cholesterol, high-density lipoprotein-cholesterol, triglycerides, smoking habits, alcohol intake and
regular exercise (P for trend <0.001). Compared with that of the BMI levels of <21.0kg m—2, the muitivariate-adjusted risk

of ischemic stroke was significant even in the BMI levels of 23.0-24.9 kg m~2 (multivariate-adjusted hazard ratio (HR)=3.12;
95% confidence interval (Cl), 1.24-7.87; P=0.02) as well as in the BMI leveis of >25kgm~2 (multivariate-adjusted
HR=5.59; 95% Cl, 2.09-14.91; P<0.001). In stratified analyses, the risk of ischemic stroke for men synergistically increased
in subjects having both obesity and diabetes or a smoking habit. We found no significant associations between BMI levels and
ischemic stroke in women and between BMI levels and hemorrhagic stroke in either sex. In conclusion, our findings suggest
that overweight and obesity are independent risk factors for ischemic stroke in Japanese men.

Hypertension Research (2011) 34, 274-279; doi:10.1038/hr.2010.220; published online 25 November 2010
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INTRODUCTION

Stroke is a leading cause of death! and permanent disability in middle-
aged and elderly people in Japan®* as well as in other developed
countries.> In Japan, the prevalence of obesity has increased rapidly
along with the westernization of lifestyle,® although it remains con-
siderably lower than that in Western populations.” Increased body
mass index (BMI) is tightly related to an increased risk of coronary
heart disease,® but its association with stroke is less well recognized
because of conflicting results reported in the literature, Some cohort
studies have found a positive association between BMI and the risk of
stroke,4 whereas others have shown no apparent association!*>!® or
have even reported an inverse or a U-shaped association.!®-22 In
Japan, no prospective study has provided incidence data on this issue
nor observed a positive association between BMI and the risk of stroke
until now.?12 Based on its pathogenesis, stroke is divided into several
clinical subtypes, and the effects of BMI on stroke are considered to be
different among these subtypes.®!® In addition, obesity is an impor-
tant risk factor for hypertension, diabetes mellitus and dyslipidemia,
which are known as major risk factors for stroke,2»?¢ and therefore,

whether obesity itself independently increases the risk of stroke
remains controversial.

In the present article, we investigated the association between BMI
and the occurrence of stroke by its subtype based on records of a
prospective study of a general Japanese population, taking other
known risk factors into account.

METHODS

Study population

In 1988, a screening survey for the present study was performed in the town of
Hisayama, a suburb of the Fukuoka metropolitan area in southern Japan. Of a
total of 3227 residents aged 40-79 years on the town registry, 2587 consented to
participate in the examination (participation rate, 80.2%) and underwent a
comprehensive assessment. After excluding 82 subjects who had already had
breakfast, 10 who were on insulin therapy and 15 due to complaints of nausea
or general fatigue during the ingestion of glucose, a total of 2480 subjects
completed a 75-g oral glucose tolerance test. From a total of 2490 subjects
including 10 on insulin therapy, 68 who had a history of stroke or coronary
heart disease based on questionnaires and medical records, and one who died
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before follow-up was started were excluded. The remaining 2421 (1037 men
and 1384 women) were enrolled in this study.

Baseline data collection

At baseline, body height and weight were measured in light clothing without
shoes, and BMI (kg m~2) was calculated as an indicator of obesity. Information
on antihypertensive treatment, smoking habits, alcohol intake and regular
exercise were obtained with the use of a standard questionnaire. Subjects who
reported smoking at least one cigarette per day were defined as current
smokers, and subjects who reported consuming alcoho) at least once a month
were regarded as current drinkers. Subjects engaging in sports at least three
times a week during their leisure time made up 2 regular exercise group. Sitting
systolic and diastolic blood pressures were measured three times after a rest of
at least 5 min by a standard mercury sphygmomanometer with a standard cuff.
The average of three measurements was used for data analysis. Hypertension
was defined as a systolic blood pressure >140mmHg, a diastolic blood
pressure >90mmHg or current use of antihypertensive agents. ECG abnor-
malities were defined as left ventricular hypertrophy (Minnesota code 3-1), ST
depression {4-1, 2 and 3) and/or atrial fibrillation (8-3). Blood samples were
drawn after an overnight fast of at least 12 h. Fasting and 2-h post-load plasma
glucose levels were determined by the glucose-oxidase method. Diabetes
mellitus was defined as fasting plasma glucose >7.0mmoll~}, 2-hour post-
load plasma glucose =11.1mmoll~!, or current use of insulin or oral
medication for diabetes. Total cholesterol, high-density lipoprotein-cholesterol
and triglyceride levels were all determined enzymatically.

Follow-up survey

The subjects were followed up prospectively for 12 years from December 1988
to November 2000 by repeated health examinations and by a daily monitoring
system established by the study team and local physicians or members of the
Health and Welfare Office of the town. Health status was checked once yearly
by mail or telephone for any subjects who did not undergo a regular
examination or who moved out of town. Study-team physicians performed
physical and neurological examinations on all subjects who developed stroke
and collected the relevant clinical information, including that on the disease
course, During the follow-up period, only one subject was lost to follow-up,
and 339 subjects died; among those who died, autopsy was performed on
253 (74.6%).

Stroke, defined as sudden onset of a non-convulsive and focal neuro-
logical deficit persisting for >24h, was classified as ischemic stroke, cerebral
hemorrhage, subarachnoid hemorrhage or undetermined type.?® The clinical
diagnosis of stroke and its subtypes was determined on the basis of a detailed
history, neurological examination and ancillary laboratory examinations.
In this paper, we focused on ischemic and hemorrhagic stroke (cerebral
hemorrhage and subarachnoid hemorrhage). During the follow-up period,
we identified 107 cases of first-ever ischemic stroke (47 men and 60 women)
and 51 cases of first-ever hemorrhagic stroke (21 men and 30 women),
consisting of 34 cases of cerebral hemorrhage and 17 cases of subarachnoid
hemorrhage. All of the stroke cases were examined by computed tomography
and/or magnetic resonance imaging.

Statistical analysis

All statistical analyses were performed with the SAS program package Ver 9.2
(SAS Institute Inc, Cary, NC, USA). All tests were two-sided, and values of
P<0.05 were considered statistically significant in all analyses. The subjects
were divided into four groups according to BMI levels { <21.0, 21.0-22.9, 23.0-
24.9 and >25.0kgm™2). Because of the skewed distribution of serum trigly-
cerides, this value was log-transformed for statistical analysis. The age-adjusted
mean values of risk factors were calculated by the analysis of covariance
method, and their trends across BMI levels were tested by multiple regression
analysis. Frequencies of risk factors were adjusted for age
by the direct method and were examined for trends by the Cochran-Mantel-
Haenszel test. The incidence of stroke was calculated by the person-year
method and was adjusted for the age distribution of the study population by
the direct method. Differences in the incidence of stroke among BMI levels
were tested by the Cox proportional hazards model. The age- and multivariate-
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adjusted hazard ratios (HRs) and their 95% confidence intervals (Cls) were also
calculated using the Cox proportional hazards model. The multivariate
adjustment was made for age, systolic blood pressure, ECG abnormalities,
diabetes, total cholestero], high-density lipoprotein-cholesterol, triglycerides,
smoking habits, drinking status and regular exercise. To assess whether
synergistic effect was observed between obesity and each of other risk factors,
we added a multiplicative interaction term to the relevant Cox model.

Ethical considerations :

The study protocol was approved by the Human Ethics Review Committee of
Kyushu University Graduate School of Medical Sciences, and a written
informed consent was obtained from the study participants,

RESULTS

Characteristics of the subjects

The age-adjusted mean values or frequencies of risk factors by BMI
levels at baseline are shown by sex (Table 1). Mean age significantly
decreased with rising BMI levels for men, but such an association was
not observed for women. In both sexes, the mean values of systolic
and diastolic blood pressures, total cholesterol and triglycerides,
and the frequencies of hypertension, antihypertensive drug use
and diabetes increased significantly, whereas the mean high-density
lipoprotein-cholesterol levels decreased significantly with increasing
BMI levels. The frequency of smoking habits for men and that of
ECG abnormalities for women decreased significantly with increasing
BMI levels, No dose-response relationships were observed between
BMI levels and the frequencies of alcohol intake or regular exercise for
both sexes.

Impact of BMI on stroke

As shown in Figure 1, the age-adjusted incidence of ischemic stroke
for men increased with increasing BMI levels: the difference was
significant between the BMI level of <21.0kgm™2 and that of
>25.0kgm~? (age-adjusted HR=3.32; 95% CI, 1.43-7.72; P=0.005;
Table 2). This association remained substantially unchanged even after
adjustment for other risk factors (Table 2). The multivariate-adjusted
risk of ischemic stroke was significant even in the subjects with BMI
levels of 23.0-24.9kgm™2 (multivarjate-adjusted HR=3.12; 95% CI,
1.24-7.87; P=0.02) as well as in those with BMI levels of >25kgm™2
(multivariate-adjusted HR=5.59; 95% CI, 2.09-14.91; P<0.001). We
found no significant associations between BMI levels and the inci-
dence of ischemic stroke in women and between BMI levels and the
incidence of hemorrhagic stroke in either sex (Figurel and Table 2).

Combined effects of obesity and other risk factors

Because hypertension, diabetes and smoking habits are major risk
factors for ischemic stroke and are concurrently associated with
obesity, we examined the combined effects of obesity and these risk
factors on the development of ischemic stroke for men after adjust-
ment for the above-mentioned confounding factors, except for the
factor which was used for the grouping. As shown in Table 3, multi-
variate-adjusted HRs of ischemic stroke were significantly higher in
the group of obese subjects irrespective of the presence or absence of
hypertension. On the other hand, the risk of ischemic stroke syner-
gistically increased in obese subjects with diabetes compared with
non-obese subjects without diabetes (multivariate-adjusted HR=7.91;
95% CI, 3.08-20.28; P<0.001), whereas such an increased risk was
not observed in non-obese subjects with diabetes or in obese subjects
without diabetes. A similar synergistic pattern was observed for the
coexistence of obesity and smoking habits (multivariate-adjusted
HR=3.62; 95% CI, 1.39-9.43; P=0.008). A significant interaction
between obesity and diabetes was revealed in the risk of ischemic
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Table 1 Age-adjusted baseline characteristics according to body mass index level by sex, the Hisayama Study, 1988
Body mass index, kgm~2
<2l 21-22.9 23-24.9 225 P for trend
Men
No at risk 283 255 247 252 —
Age (years} 60.5 (0.6) 56.8 (0.6) 56.2 (0.7) 54.4 (0.6} <0.001
SBP (mmHg) 127.1 (1.1 132.2(1.2) 135.5 (1.2 141.2(1.2) <0.001
DBP (mm Hg) 75.5 (0.6) 79.3(0.7) 82.0(0.7) 86.3 (0.7) <0.001
Hypertension (%) 32.6 37.4 46.9 58.7 <0.001
Antihypertensive drug (%) 9.0 10.8 15.1 23.6 <0.001
ECG abnormalities (%) 20.6 209 19.3 18.7 0.28
Diabetes (%) 10.1 16.9 136 20.9 0.005
Total cholesteral (mmol1-1) 4.95 (0.06) 5.05 (0.07) 5.13 (0.07) 5.31 (0.07) <0.001
HOL cholesterol (mmal 1-1) 1.37 {0.02) 1.30 (0.02) 1.22 (0.02) 1.14 (0.02) <0.001
Triglycerides (mmol I=}) 1.01 (0.94-1.07) 1.28(1.20-1.37) 1.46 (1.36-1.56) 1.77 (1.65-1.90) <0.001
Smoking (%) 68.7 47.0 44.5 36.6 <0.001
Orinking (%) 59.7 65.9 64.7 58.6 0.63
Regular exercise (%)? 12.8 11.1 11.0 10.9 0.34
Women
No at risk 380 347 318 339
Age (years) 59.1 (0.5) 57.0(0.6) 57.0 (0.6) 57.6 (0.6) 0.052
SBP (mmHg) 125.2 (1.0) 130.2 (1.0) 131.1 (1.1) 136.9 (1.0) <0.001
DBP (mm Hg) 71.8 {0.5) 74.4{0.6) 77.0 (0.6) 80.0(0.6) <0.001
Hypertension (%) 24.2 30.9 345 50.3 <0.001
Antihypertensive drug (%) 7.5 14.1 14.2 21.5 <0.001
ECG abnormalities (%)? 15.2 143 9.4 11.6 0.03
Diabetes (%) 7.5 6.8 8.8 16.6 <0.001
Total cholesterol (mmo! I-1) 5.31 (0.05) 5.54 (0.06) 5.74 (0.06) 5.66 (0.06) <0.001
HDL cholesterol (mmol I-1) 1.44 (0.01) 1.35 (0.02) 1.30 (0.02) 1.26 (0.02) <0.001
Triglycerides (mmol 1-1) 0.88 (0.84-0.92) 1.04 (0.99-1.09) 1.15(1.10-1.21) 1.24 (1.18-1.30) <0.001
Smoking (%} 8.1 3.5 6.6 8.1 0.72
Drinking (%} 9.5 10.3 5.1 10.7 0.79
Regular exercise (%)b 9.4 10.5 8.9 6.3 0.11
DBF, di ic blood p : HDL, high-density lipoprotein; SBP, systolic blood pressure.
Data are shown as the means (stzndard error) or a percentage. Geometric mean values and 95% confidence intervals of serum triglycerides are shown attributable to the skewed distribution. Mean
age was not age-adjusted.
aMinnesota codes: 3-1, 4-1, 2, 3 or 8-3
bEngaging in sports or other forms of exertion regularly > three times a week during leisure time.
stroke (P=0.01), whereas the interactions between obesity and hyper- mortality data as an endpoint. Our previous study showed that lower
tension and between obesity and smoking habits were not significant. BMI was a significant risk factor for death after total stroke and
ischemnic stroke.26 Epidemiological studies of body weight and mor-
DISCUSSION tality are affected by methodological problems, such as failure to
In this prospective study of a community-dwelling Japanese popula-  control the harmful biological effects of smoking and subclinical
tion, we demonstrated that higher BMI was a significant risk factor for  diseases resulting in weight loss. Thus, the association of BMI with
the development of ischemic stroke in men. This association remained  stroke mortality should be interpreted with caution.
unchanged even after adjustment for other risk factors. In addition, In the literature, the associations between BMI levels and the risk
the combinations of obesity plus diabetes or obesity plus a smoking  of hemorrhagic stroke have been inconsistent, with some studies
habit synergistically increased the risk of ischemic stroke. However, showing a positive association,®1114 and others showing no, a negative
there was no significant association between BMI levels and the risk of  or a U-shaped, association.$12131619.2122 1y, the present study, we
hemorrhagic stroke in either sex. did not find a clear association between BMI levels and hemorrhagic
Some cohort studies have shown an increased risk of total stroke or  stroke in men or women. The lack of a clear consensus on this
ischemic stroke with elevating BML*'4 which is in accord with the association may be partly due to the low number of cases of
findings of the risk of ischemic stroke in our male subjects. On the hemorrhagic stroke in most of the studies, including our present
other hand, other studies have found no association,'>18 an inverse or  work, or differences in ethnicities, study populations or study
a U-shaped association.®?? One possible explanation for this differ- methods. Future studies will be needed to resolve this issue,
ence in findings may be that stroke was not evaluated by its subtype in A number of studies have reported that the association between
all these studies, as the effect of obesity is different among stroke  BMI and total or ischemic stroke was attenuated or eliminated after
subtypes. Another explanation may be that most of these studies used  adjustment for potential mediators, such as hypertension, diabetes
Hypertension Research
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and dyslipidemia 1%1-141922 I our study, hawever, the association
between BMI and ischemic stroke was not attenuated even after
adjusting for these risk factors. This finding indicates an independent
effect of overweight and obesity on the development of ischemic

Ischemic Stroke

Men
[+ p <0.05 vs Body mass mdex fZI kg/m?

Women

Incidence/1000 person-ycars
S — W RO WO

Hemorrhagic Stroke

Incidence/1 000 person-years

O e WSO\

N} (283) (25%)

24 252
<2l 21229 2 -229 (225)

380 4 318) (339
(Ql) 21(-3222 2 -24.)9 (225)

Body mass index (kg/m?)

Body mass index (kg/m®)

Figure 1 Age-adjusted incidence of stroke by bedy mass index levels during
12-year follow-up, the Hisayama Study, 1988-2000.
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stroke. A similar independent association has been observed in other
studies of stroke.!®1%!4 These findings, together with our present
results, suggest a link between overweight/obesity and ischemic stroke
independent of established risk factors. Some investigators have
proposed that the increase in prothrombotic factors*-?° and inflam-
matory markers,?>3? and the enhancement of insulin resistance and
metabolic syndrome®* observed among overweight and obese indivi-
duals may have a role in their increased risk of ischemic stroke.

Our stratified analysis showed an extremely increased risk of ischemic
stroke in men who have both obesity and diabetes or smoking habits.
Although the mechanisms underlying this phenomenon are not clearly
understood, a possible explanation can be proposed. Because diabetes
and smoking are strong risk factors for the progression of systemic
arteriosclerosis, it is reasonable to consider that subjects with these risk
factors already have vascular injuries to some extent. Obesity-related
disorders, such as inflammation, insulin resistance and metabolic
syndrome, may accelerate the progression of preexisting vascular
injuries, resulting in an increased risk of ischemic stroke. However, in
the present study we did not find that obesity enhanced the effect of
hypertension on stroke risk. Although the precise reason for this is not
known, the popularization of antihypertensive treatment in our study
population might have weakened the synergistic effects of these factors.

In our female subjects, we did not observe a significant association
between BMI and the risk of ischemic stroke. Several cohort studies
have also examined the effects of BMI on the risk of ischemic stroke in
women, 13152122 byt the findings were inconsistent, with some
studies showing a positive association,>'*!4 and others showing no
association!>?! like our study. Further studies will be needed to clarify
the true association between BMI and stroke in women.

Table 2 Adjusted hazard ratio for stroke incidence according to body mass index level by sex, the Hisayama Study, 1988-2000

Body mass index, kg2 Person year No. of events Age-adjusted HR 95% Ci Multivariste-adjusted HR? 95% C!
Men'
Ischemic stroke
<21.0 2907 9 1.00 Referent 1.00 Referent
21.0-22.9 2736 10 1.70 0.69-4.20 2.34 0.91-6.00
23.0-24.9 2692 12 2.09 0.88-5.00 3.12 1.24-7.87
25.0> 2790 16 332 1.43-7.73 5.59 2.09-14.91
P for trend 0.005 <0.001
Hemorrhagic stroke
<21.0 2907 9 1.00 Referent 1.00 Referent
21.0-22.9 2736 3 0.44 0.12-1.63 0.38 0.10-1.50
23.0-24.9 2692 6 0.89 0.31-2.55 0.90 0.28-2.87
25.02 2790 3 0.47 0.12-1.80 0.36 0.08-1.57
P for trend 0.41 031
Wornen
Ischemic stroke
<21.0 4214 15 1.00 Referent 1.00 Referent
21.0-22.9 3935 15 1.41 0.69-2.90 1.37 0.65-2.88
23.0-24.9 3652 15 1.51 0.73-3.10 1.56 0.71-3.43
25.0> 3794 15 1.41 0.69-2.91 1.27 0.58-2.80
P for trend 0.32 0.55
Hemorrhagic stroke '
<21.0 4214 10 1.00 Referent 1.00 Referent
21.0-22.9 3935 10 1.26 0.52-3.04 1.32 0.52-3.35
23.0-24.9 3652 7 0.94 0.36-2.49 1.13 0.39-3.25
250> 3794 3 0.38 0.10-1.39 0.35 0.09-1.35
P for trend 0.16 0.16
Abbreviations: HR, hazard ratio; 95% ClI, 95% confidence interval,
3Multivariate adjustment was made for age, systolic blood p ECG lities, diabetes, total and high-density lipaprotein-cholesterols, triglycerides, smoking, drinking and regular exercise.
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Table 3 Multivariate-adjusted® hazard ratios for the development
of ischemic stroke according to the presence or absence of obesity
and each established risk factor in men, the Hisayama Study,
1988-2000

Population  No. of
at risk events HR 95% C! P vaiue

Obesity®  Hypertension

No No 477 14 1.00 Referent

No Yes 308 17 159 0.76-3.34 0.22

Yes No 111 7 379 1.44-1000 0.007

Yes Yes 141 9 295 1.19-7.30 0.02
Obesityd  Diabetes

No No 678 25 1.00 Referent

No Yes 107 6 1.60 0.65-3.97 0.31

Yes No 200 8 1.83 0.77-4.38 0.17

Yes Yes 52 8 791 3.08-20.28 <0.001
Obesity®  Smoking

No No 369 17 1.00 Referent

No Yes 416 14 1.18 0.56-2.48 067

Yes No 148 8 2.13 0.83-5.46 0.11

Yes Yes 104 8 362 1.39-9.43 Q0.008

Abbreviations: HR, hazard ratio; 95% Cl, 95% confidence interval.

*Multivariate adjustment was made for age, systolic blood pressure, ECG abnormalities,
diabetes, total and high-density lipoprotein-cholesterols, triglycerides, smoking, drinking and
regular exercise, but the factor which was used for each grouping was excluded from the
confounding factors,

bObesity is defined as a body mass index >25kgm=2.

The strengths of our study include its longitudinal population-
based design, the direct collection of height, weight and biclogical
markers from all participants, long duration of follow-up, perfect
follow-up of subjects and accuracy of diagnosis of stroke. One
limitation of our study is that our findings are based on a one-time
measurement of BMI, as was the case in most other epidemiological
studies. During the follow-up, BMI and other risk factor levels were
changed due to modifications in lifestyle or medication, and mis-
classification of BMI categories was possible. This could have wea-
kened the association found in this study, biasing the results toward
the null hypothesis. Therefore, the true association may be stronger
than that shown here.

In conclusion, our data suggest that overweight and obesity
are significant risk factors for the development of ischemic
stroke in contemporary Japanese men. In Japan, BMI levels
have increased steadily over the last several decades. For prevention
of stroke, it is important to correct obesity while controlling other
risk factors.
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Abstract

Background: Cigarette smoking is an established risk factor
for stroke and coronary heart disease (CHD) in Western coun-
tries. However, it is uncertain whether or not smoking raises
the risk of stroke in Japanese. We examined the influence of
smoking on the development of stroke and CHD and the ef-
fects of interactions between smoking and hypercholester-
olemia on these outcomes in a general Japanese population.
Methods: A total of 2,421 community-dwelling Japanese in-
dividuals, aged 40-79 years, with no history of cardiovascu-
lar disease, were followed up for 14 years. Results: During
the follow-up, 194 total stroke and 112 CHD events occurred.
Compared with never smokers, the multivariate-adjusted
hazard ratios for the occurrence of total stroke were 1.53
(95% confidence interval = 0.90-2.61) in former smokers, 1.90
(1.18-3.06) in current light smokers (<20 cigarettes/day) and
2.01 {1.11-3.65) in current heavy smokers (=20 cigarettes/
day). The multivariate-adjusted hazard ratios for the devel-

opment of CHD were 1.10 (0.56-2.15), 1.88 (1.02-3.47) and
2.31 (1.17-4.57), respectively. In regard to stroke subtypes,
current smoking was an independently significant risk factor
for ischemic stroke and subarachnoid hemorrhage. Further-
more, the combination of smoking and hypercholesterol-
emia synergistically increased the risks of total stroke and
CHD (all p for interaction <0.05). Conclusion: Our findings
suggest that smoking raises the risks of ischemic stroke, sub-
arachnoid hemorrhage and CHD occurrence in the Japanese
population, and that this effect is strengthened by hyper-
cholesterolemia. Copyright © 2011 S. Karger AG, Basel

Introduction

In Western countries, cigarette smoking is an estab-
lished major risk factor for cardiovascular diseases (CVD)
such as stroke [1] and coronary heart disease (CHD}) [2].
Therefore, smoking cessation is currently recognized as
a key target of prevention strategies for CVD [3]. While
most cohort studies in Japan confirmed the harmful ef-
fect of smoking on the risk of CHD [4, 5], there is no con-
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sensus on whether or not smoking increases the risk of
stroke in Japanese [4-8]. Furthermore, some studies have
evaluated the interaction between smoking and hyper-
cholesterolemia, which is also an important risk factor for
CVD, but their conclusions have not been consistent [4,
9-13]. The purposes of the present study were to assess
the effect of smoking on the development of stroke and
CHD, and to clarify the interactions between smoking
and hypercholesterolemia as well as other risk factors in
a population-based cohort study in Japan.

Methods

Study Subjects

In 1988, a screening examination for the present study was
performed in the town of Hisayama, a suburban community in
the Fukuoka metropolitan area on Kyushu Island, Japan. A de-
tailed description of this examination was published previously
(14, 15). Briefly, a total of 2,587 residents aged 40-79 years (80.2%
of the total population in this age range) participated in the ex-
amination. After the exclusion of 88 subjects with a history of
stroke or CHD, 77 who did not complete a 75-gram oral glucose
tolerance test, and 1 who died before the initiation of follow-up,
the remaining 2,421 (1,037 men and 1,384 women) were enrolled
in the present study. This study was conducted with the approval
of the ethics committee of the Faculty of Medicine, Kyushu Uni-
versity, and written informed consent was obtained from the sub-
jects.

Risk Factors

At the baseline examination, each subject completed a self-
administered questionnaire covering medical history, treatment
for hypertension and diabetes, smoking status, alcohol intake and
leisure time activity. The smoking status was classified into 4 cat-
egories: never smokers, former smokers, current light smokers
(<20 cigarettes per day) and current heavy smokers (220 ciga-
rettes per day). Alcohol intake was defined as customary drinking
of an alcoholic beverage at least once a month. Subjects engaging
in sports or other forms of exertion =3 times a week during their
leisure time made up a regular exercise group.

The sitting blood pressure was measured 3 times using a stan-
dard mercury sphygmomancmeter after rest for at least 5 min.
The mean of the 3 measurements was used for the analysis. Hy-
pertension was defined as blood pressure =140/90 mm Hgor cur-
rent use of antihypertensive agents. Obesity was defined as body
mass index =25. Electrocardiogram abnormalities were defined
asleft ventricular hypertrophy (Minnesota Code, 3-1), ST depres-
sion (4-1, 2 or 3) or atrial fibrillation (8-3).

We performed the 75-gram glucose tolerance test after at least
a 12-hour overnight fast. The plasma glucose levels were deter-
mined by the glucose-oxidase method. Diabetes mellitus was de-
fined as any of the following: fasting plasma glucose 27,0 mmaol/l,
2-hour postload glucose =11.1 mmol/], or current use of oral hy-
poglycemic agents or insulin. The total cholesterol levels were de-
termined enzymatically. Hypercholesterolemia was defined as to-
tal cholesterol =5.69 mmol/l.

478 Cerebrovasc Dis 2011;31:477-484

Follow-Up Survey

The subjects were followed up prospectively for 14 years from
December 1988 to November 2002 by repeated health examina-
tions. Their health status was checked yearly by mail or telephone
for any subjects who did not undergo a regular examination or
who had moved out of town. We also established a daily monitor-
ing system among the study team and local physicians or mem-
bers of the town’s health and welfare office. Using this system, we
gathered information on new events of stroke and CHD, includ-
ing suspected cases. When a new CVD event occurred or was sus-
pected, physicians in the study team examined the subject and
evaluated his or her detailed clinical information, including med-
ical history and physical, neurological, laboratory and radiologi-
cal examinations, to determine whether or not this event met the
definition of an outcome. In addition, when a subject died, an au-
topsy was usually performed at the Department of Pathology of
Kyushu University. During the follow-up period, 1 subject was
lost to follow-up and 418 died, of whom 312 (74.6%) underwent
autopsy. '

Study Outcomes

Study outcomes were the development of CVD consisting of
stroke and CHD. Stroke was defined in principle as a sudden on-
set of nonconvulsive and focal neurological deficit persisting for
=24 h and was classified into 3 subtypes: ischemic stroke, intra-
cerebral hemorrhage and subarachnoid hemorrhage. All stroke
events were morphologically examined by computed tomogra-
phy, magnetic resonance imaging or autopsy findings. CHD in-
cluded acute and silent myocardial infarction, sudden cardiac
death within 1 h after the onset of acute illness, and coronary ar-
tery disease treated by coronary artery bypass surgery or angio-
plasty. Acute myocardial infarction was diagnosed when a subject
met at least 2 of 4 criteria: (1) typical symptoms including pro-
longed severe anterior chest pain; (2) evolving diagnostic electro-
cardiographic changes; (3) cardiac enzyme levels more than twice
the upper limit of the normal range; (4) morphological changes
{local asynergy of cardiac wall motion on echocardiography, per-
sistent perfusion defect on cardiac scintigraphy, or myocardial
necrosis or scars =1 cm long accompanied by coronary athero-
sclerosis at autopsy). Silent myocardial infarction was defined as
a morphological change of the myocardium without any histori-
cal indication of clinical symptoms or abnormal cardiac enzyme
changes. During the follow-up period, 281 subjects developed
CVD for the first time. These included 194 cases of all forms of
stroke (132 ischemic stroke, 43 intracerebral hemorrhage and 19
subarachnoid hemorrhage) and 112 cases of CHD.

Statistical Analysis

SAS software version 9.2 was used to perform all statistical
analyses. The frequency of each risk factor at baseline across the
smoking status was adjusted for age and sex by a direct method
and compared by logistic regression analysis. The age- and sex-
adjusted mean of each risk factor at baseline was estimated and
compared by the analysis of covariance. The age- and sex-adjust-
ed and multivariate-adjusted hazard ratios (HRs) and their 95%
confidence intervals (Cls) were estimated using the Cox propor-
tional hazards model. The interaction between smoking and each
of the other risk factors was tested by adding an interaction term
to the relevant Cox model. p < 0.05 was considered statistically
significant.
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Table 1. Age- and sex-adjusted mean values or frequencies of cardiovascular risk factors by smoking status at baseline

Never Former Current smoker

smoker smoker - >70 o

Govry  emy oy 30 dgwctldy
Age, years (sex-adjusted) 5712 61+12*% 5911 55+ 12*
Men, % (age-adjusted) 14.3 92.6* 77.0* 94.8*%
Systolic blood pressure, mm Hg 133%23 133+£22 130+21 12922
Diastolic blood pressure, mm Hg 79+13 79%12 75+ 12% 75 12*
Hypertension, % 38.6 43.0 35.2 21.1%
Fasting plasma glucose, mmol/l 58%1.5 60%1.5 58+14 57%14
Two-hour postload glucose, mmol/l 7.5%43 79+4.1 7538 74140
Diabetes, % 10.3 12.1 125 11.0
Total cholesterol, mmol/l 5371127 544%121 520%1.14 540*1.19
Hypercholesterolemia, % 35.3 38.0 371 22.5
Body mass index 231137 233135 223+33* 22.5%3.4*
Obesity, % 25.1 27.1 19.8* 239
Electrocardiogram abnormalities, % 17.4 16.1 16.3 13.4
Current alcohol intake, % 26.6 56.0* 46.3* 51.9%
Regular exercise, % 10.0 10.9 9.9 3.5

Values presented are means * SD or percentages. * p < 0.05 compared with never smokers.

Results

The baseline characteristics of the study subjects are
summarized in table 1. Compared with never smokers,
the mean age was higher in former smokers but lower in
current heavy smokers. The proportions of men and al-
cohol drinkers were higher in former and current smok-
ers. Current heavy smokers had a lower prevalence of hy-
pertension. Current light and heavy smokers had a lower
body mass index.

In men, the risk for the development of CVD was sig-
nificantly higher in current smokers than in never smok-
ers (age-adjusted HR = 1.65; 95% CI = 1.04-2.63), and the
risk of CVD was almost the same in women as in men
(age-adjusted HR = 1.68; 95% CI = 0.94-2.98). Because
there was no evidence of interaction between sex and cur-
rent smoking (p for interaction = 0.97), we analyzed both
sexes together in the following evaluations.

Table 2 shows the effects of smoking on the develop-
ment of CVD, total stroke and CHD. The age- and sex-
adjusted HRs for CVD and total stroke were significant-
ly higher in current light and heavy smokers, and that for
CHD was significantly higher in current heavy smokers
than in never smokers. Former smoking was not a sig-
nificant risk factor for each outcome. After adjusting for
risk factors (age, sex, systolic blood pressure, diabetes, to-
tal cholesterol, body mass index, electrocardiogram ab-
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normalities, alcohol intake and regular exercise), both
current light and heavy smokers had a significantly high-
er risk of each outcome than never smokers. Table 3 shows
the effects of smoking on the risks of stroke subtypes.
Current light and heavy smokers were combined here be-
cause of the limited number of events. Current smoking
was an independently significant risk factor for ischemic
stroke and subarachnoid hemorrhage, but not for intra-
cerebral hemorrhage, after adjustment for confounding
factors. . ]

As shown in table 4, we assessed the combined and
separate effects of smoking and each of the other estab-
lished risk factors on the development of CVD. Com-
pared with nonsmokers (never or former smokers) with-
out hypercholesterolemia, current smokers with hyper-
cholesterolemia had significantly higher multivariate-
adjusted HRs for CVD. However, no significant elevations
in HRs were observed in nonsmokers with hypercholes-
terolemia or in current smokers without hypercholester-
olemia. A significant interaction between smoking and
hypercholesterolemia was revealed in the risk of CVD,
while we failed to detect any significant interaction be-
tween current smoking and hypertension, diabetes, obe-
sity, alcohol intake or regular exercise. Table 5 shows the
interaction analyses between current smoking and hy-
percholesterolemia on the development of stroke and
CHD. The combination of current smoking and hyper-
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Table 2. Risks for the development of cardiovascular disease, total stroke and coronary heart disease according to smoking status

Events/ Age- and sex-adjusted Multivariate-adjusted
population LT o CI P HR  9%Cl  p
Cardiovascular disease
Never smoker 137/1,477 1.00 1.00
Former smoker 50/332 1.26 0.83-1.91 0.29 1.25 0.80-1.93 032
Current smoker (<20 cigarettes/day) 54/348 1.60 1.09-2.34 0.02 1.80 1.21-2.66 0.004
Current smoker (220 cigarettes/day) 40/264 1.88 1.20-2.95 0.006 2.04 1.29-3.24 0.003
Total stroke .
Never smoker 104/1,477 1.00 1.00
Former smoker 34/332 1.52 0.91-2.52 0.11 1.53 0.90-2.61 0.12
Current smoker (<20 cigarettes/day) 34/348 1.70 1.07-2.71 0.02 1.90 1.18-3.06  0.009
Current smoker (220 cigarettes/day) 22/264 1.87 1.05-3.32 0.03 2,01 1.11-3.65  0.02
Coronary heart disease
Never smoker 43/1,477 1.00 1.00
Former smoker 23/332 1.19 0.63-2.26 0.60 1.10 0.56-2.15 0.78
Current smoker (<20 cigarettes/day) 25/348 1.61 0.88-2.93 0.12 1.88 1.02-3.47 0.04
Current smoker (220 cigarettes/day) 21/264 207  1.07-4.01 0.03 2.31 1.17-4.57 0.02

Multivariate-adjusted: adjusted for age, sex, systolic blood pressure, diabetes, total cholesterol, body mass index, electrocardiogram

abnormalities, alcohol intake and regular exercise.

Table 3. Risks for the development of stroke subtypes according to smoking status

Events/ Age- and sex-adjusted Multivariate-adjusted
population  Hp 95% CI p HR  95%CI P
Ischemic stroke
Never smoker 69/1,477 1.00 1.00
Former smoker ' 26/332 1.72 0.95-3.12 0.08 1.70 0.90-3.20 0.10
Current smoker 37/612 1.78 1.05-3.01 0.03 2.03 1.18-3.49 0.01
Intracerebral hemorrhage
Never smoker 24/1,477 1.00 . 1.00
Former smoker 7/332 1.00 0.34-2.91 >0,99 1.11 0.37-3.33 0.85
Current smoker 12/612 1.20 0.48-3.00 0.70 1.21 0.47-3.15 0.70
Subarachnoid hemorrhage
Never smoker 11/1,477 1.00 1.00
Former smoker 1/332 0.86 0.09-8.32 0.89 0.92 0.09-9.08 0.95
Current smoker 7/612 3.39 1.00-11.54 0.051 385 1.05-14.13 0.04

Multivariate-adjusted: adjusted for age, sex, systolicblood pressure, diabetes, total cholesterol, body mass index, electrocardiogram

abnormalities, alcohol intake and regular exercise.

cholesterolemia significantly increased the risks of total
stroke and CHD, and their interactions were statistically
significant. In regard to stroke subtypes, similar findings
were observed in the risks of ischemic stroke and sub-
arachnoid hemorrhage, although interaction was signifi-
cant only for subarachnoid hemorrhage.

480 Cerebrovasc Dis 2011;31:477-484

Discussion

In the present study of a population-based cohort in
Japan, current smoking was an independently signifi-
cant risk factor for the development of stroke and CHD.
In regard to stroke subtypes, current smoking was clear-
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Table 4. Combined and separate effects of smoking and each risk factor on the development of cardiovascular disease

Events/ Multivariate-adjusted
population HR 95% Cl P

Hypercholesterolemia

Current smoking (-)/hypercholesterolemia (-) 108/1,099 1.00

Current smoking (-)/hypercholesterolemia (+) 79/710 1.08 0.80-1.47 0.60

Current smoking (+)/hypercholesterolemia (-) 57/435 1.36 0.96-1.93 0.08

Current smoking (+)/hypercholesterolemia (+) 37177 2.68 1.81-3.95 <0.001

p for interaction 0.001
Hypertension

Current smoking (-)/hypertension {(-) 67/1,103 1.00

Current smoking (-)/hypertension (+) 120/706 1.87 1.36-2.57 <0.001

Current smoking (+)/hypertension (-) 44/388 1.83 1.22-2.76 0.003

Current smoking (+)/hypertension (+) 50/224 2.97 1.98-4.45 <0.001

p for interaction 0.22
Diabetes

Current smoking (-)/diabetes (-) 142/1,602 1.00

Current smoking (-)/diabetes (+) 45/207 1.74 1.23-2.46 0.002

Current smoking (+)/diabetes (-) 73/524 1.70 1.24-2.34 0.001

Current smoking (+)/diabetes (+) 21/88 2.83 1.73-4.63 <0.001

p for interaction 0.82
Obesity

Current smoking (-)/obesity (-) 139/1,348 1.00

Current smoking (-)/obesity (+) 48/461 0.93 0.66-1.30 0.66

Current smoking (+)/obesity (-) 68/480 1.49 1.07-2.07 0.02

Current smoking (+)/obesity (+) 26/132 2.10 1.34-3.28 0.001

p for interaction 0.07
Alcohol intake

Current smoking (-)/alcohol intake(-) 138/1,402 1.00

Current smoking (-)/alcohol intake (+) 49/407 0.81 0.55-1.19 0.29

Current smoking (+)/alcohol intake (-) 39/250 1.19 0.79-1.80 0.40

Current smoking (+)/alcohol intake (+) 55/362 1.15 0.75~1.75 0.52

p for interaction 0.58
Regular exercise

Current smoking (-)/regular exercise (-) 166/1,622 1.00

Current smoking (-)/regular exercise (+) 20/185 0.81 0.51-1.29 0.38

Current smoking (+)/regular exercise (-) 89/556 1.83 1.36-2.48 <0.001

Current smoking (+)/regular exercise (+) 5/56 0.57 0.23-1.42 0.23

p for interaction 0.08

Current smoking (-) includes both never and former smoking. Multivariate-adjusted: adjusted for age, sex, systolic blood pressure,
diabetes, total cholesterol, body mass index, electrocardiogram abnormalities, alcohol intake and regular exercise. The variable relevant

to the subgroup was excluded from each model.

ly associated with the development of ischemic stroke
and subarachnoid hemorrhage, but not with intracere-
bral hemorrhage. These findings are concordant with
previously reported meta-analyses based mainly on
Caucasian populations [1, 2]. In addition, we demon-
strated that hypercholesterolemia strengthened the
harmful effects of smoking on these outeomes, but such
effects were not observed for other risk factors: hyper-
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tension, diabetes, obesity, alcohol intake and regular ex-
ercise.

Several injurious effects of cigarette smoking on arter-
ies have been demonstrated. Smoking causes direct in-
jury to endothelial cells [16], oxidation of low-density
lipoprotein [17], and acceleration of thrombus forma-
tion through increased plasma fibrinogen [18], increased
platelet aggregability [19] and decreased fibrinolytic ac-
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Table 5. Combined and separate effects of smoking and hypercholesterolemia on the development of stroke and coronary heart disease

Events/ Multivariate-adjusted
population HR 95% CI P

Total stroke

Current smoking (-)/hypercholesterolemia (-) 83/1,099 1.00

Current smoking (-)/hypercholesterolemia (+) 55/710 092 0.65-1.31 0.64

Current smoking (+)/hypercholesterolemia (-) 36/435 1.34 0.87-2.06 0.19

Current smoking (+)/hypercholesterolemia (+) 201177 2.08 1.25-3.45 0.005

p for interaction 0.048
Ischemic stroke

Current smoking (-)/hypercholesterolemia (-) 54/1,099 1.00

Current smoking (~)/hypercholesterolemia (+) 41/710 1.14 0.74-1.74 0.55

Current smoking (+)/hypercholesterolemia (-) 23/435 137 0.80-2.33 0.25

Current smoking (+)/hypercholesterolemia (+) 14/177 224 1.21-4.14 0.01

p for interaction 0.15
Intracerebral hemorrhage

Current smoking (-)/hypercholesterolemia (~) 19/1,099 1.00

Current smoking (-)/hypercholesterolemia (+) 12/710 0.87 0.41-1.85 0.72

Current smoking (+)/hypercholesterolemia (-) 10/435 1.29 0.55-3.03 0.56

Current smoking (+)/hypercholesterolemia (+) 2/177 0.86 0.19-3.80 0.84

p for interaction 0.83
Subarachnoid hemorrhage

Current smoking (-)/hypercholesterolemia (-) 10/1,099 1.00

Current smoking (-)/hypercholesterolemia (+) 2/710 0.25 0.05-1.15 0.08

Current smoking (+)/hypercholesterolemia (-) 3/435 1.54 0.35-6.72 0.57

Current smoking (+)/hypercholesterolemia (+) 4/177 5.31 1.52-18.54 0.009

p for interaction 0.005
Coronary heart disease

Current smoking (-)/hypercholesterolemia (-) 34/1,099 1.00

Current smoking (-)/hypercholesterolemia (+) 32/710 1.59 0.96-2.65 0.07

Current smoking (+)/hypercholesterolemia (-) 26/435 1.63 0.95-2.81 0.08

Current smoking (+)/hypercholesterolemia (+) 20/177 3.72 2.09-6.63 <0,001

p for interaction 0.01

Current smoking (-) includes both never and former smoking. Multivariate-adjusted: adjusted for age, sex, systolic blood pressure,
diabetes, body mass index, electrocardiogram abnormalities, alcohol intake and regular exercise.

tivity [20], all of which are associated with the develop-
ment of atherosclerotic diseases such as ischemic stroke
and CHD. Smoking is also considered to cause the forma-
tion, growth and rupture of intracranial aneurysms [21,
22], probably due to an elastase/a,-antitrypsin imbalance
in the artery wall [23], leading to an elevated risk of sub-
arachnoid hemorrhage [21, 22, 24].

While smoking is an established risk factor for CHD
[4, 5], there is no consensus on whether or not smoking
raises the risk of ischemic stroke in Japanese [4-8]. Using
the first cohort of the Hisayama study, established in
1961, we previously reported that smoking was not a risk
factor for ischemic stroke [4]. Similarly, no obvious rela-
tionship between smoking and ischemic stroke was ob-

482 Cerebrovasc Dis 2011;31:477-484

served in some old cohort studies in Japan that started
their follow-up in the 1960s [6, 7). On the other hand,
some other recent cohort studies in Japan [5, 8], as well as
our present study, showed statistical associations between
smoking and therisk of ischemic stroke. We consider that
these different conclusions can be explained in 2 possible
ways. One is a secular change in the prevalence of hyper-
cholesterolemia. According to our cross-sectional sur-
veys in Hisayama, the prevalence of hypercholesterol-
emia was very low in 1961 (2.8% in men, 6.6% in women)
but increased greatly in the following 4 decades (to 25.8%
in men and 41.6% in women in 2002) [25]. Therefore, the
harmful effect of smoking on the development of isch-
emic stroke might be obscured in studies in which the
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population prevalence of hypercholesterolemia was low.
The other possible reason is a change in the distribution
of ischemic stroke subtypes. In Hisayama, while the pro-
portion of lacunar infarctions among all ischemic stroke
events has decreased during the past 4 decades, the pro-
portions of atherothrombotic and cardioembolic stroke
have increased [25]. These changes might affect the influ-
ence of smoking on the development of ischemic stroke.
In previous studies, the relationship between smoking
and the risk of intracerebral hemorrhage has been report-
ed to be inconsistent. A few cohort studies [26, 27) showed
that current smoking increased the risk of intracerebral
hemorrhage, while other studies [5-8, 12, 28], including
a meta-analysis [1] and ours, found no discernible asso-
ciation between the two. The reasons for these inconsis-
tent conclusions are unknown, However, because smok-
ing increases hypercoagulability rather than bleeding
tendency [18-20], the effect of smoking on the risk of in-
tracerebral hemorrhage seems to be weak, if any.
Because smoking oxidizes low-density lipoprotein
[17), it is reasonable to think that the combination of
smoking and hypercholesterolemia may accelerate the
progression of atherosclerosis and the development of
ischemic stroke and CHD. Some studies have evaluated
the interaction between smoking and hypercholesterol-
emia in relation to CVD outcomes. However, the conclu-
sions have not been consistent [4, 9-13]. In the present
study, the synergistic effect of smoking and hypercholes-
terolemia on the development of CHD was significant,
and a similar tendency was observed for ischemic stroke.
Another Japanese cohort study [9] also demonstrated
positive interactions between smoking and cholesterol
for ischemic stroke and CHD mortality. On the other
hand, the first cohort of the Hisayama study, established
in 1961 [4], as well as the Asia Pacific Cohort Studies Col-
laboration [10], confirmed a positive interaction for CHD
but not for ischemic stroke. Two Korean cohort studies
[11, 12] and a meta-analysis of mainly Caucasian studies
[13]) did not find any interactions for CVD outcomes.
These inconsistent conclusions may be explained in part
by ethnicity and differences in average cholesterol levels.
The effects of smoking and cholesterol on CVD outcomes
may differ between Asians and Caucasians. Among Asian
studies, the average cholesterol levels were lower in the
first cohort of Hisayama [4], Pacific Cohort Studies Col-
laboration [10] and 2 Korean studies [11, 12] compared
with the present study. We have no clear explanation of
the synergistic effect of smoking and hypercholesterol-
emia on the risk of subarachnoid hemorrhage. In any
case, we cannot draw any conclusion from the present

Smoking and Cardiovascular Disease in
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results because of the small number of subarachnoid
hemorrhages in our study. Our finding should be con-
firmed in larger cohort studies.

The advantages of the present analyses include accu-
rate measurement of risk factors at baseline, the longitu-
dinal population-based study design, the long duration of
follow-up, perfect follow-up of study subjects and accu-
rate diagnoses of CVD. However, a possible limitation
should be discussed. Because we did not consider chang-
es in smoking habits and other risk factors or treatments
that occurred during the follow-up, our results may un-
derestimate the effects of smoking and other risk factors
on the risk of CVD.

In conclusion, we demonstrated that current smoking
increases the risk of ischemic stroke, subarachnoid hem-
orrhage and CHD, especially in individuals with hyper-
cholesterolemia. Although the smoking rates in Japanese
men and womeén have been decreasing in the past 4 de-
cades [25], Japanese men still have a higher smoking rate
than people in Western countries [3]. Our findings high-
light the importance of smoking cessation to reduce the
burden of CVD in Japan, where the prevalence of hyper-
cholesterolemia is escalating rapidly [25].
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81.5%) . 2hrPPG (X 135 mg/dl (62. 0%;
85. 9% THo o,

D. R

5 FROMRBRIEY RO EZRIRELLBS
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E &%

HEERFE O FPC REE, TLbEEERA
I (1FG) DEEMEIL 100 me/d| HEHEBD
nir.

G ARRR

[ B & E
1. Oizumi T, Daimon M, Karasawa S, Kaino W,
Takase K, Jimbu Y, Wada K, Kameda W,
Susa S, Kato T. Assessment of plasma
cutoff values

glucose to predict the

development of type 2 diabetes in a Japanese

- 115 -



sample: the Funagata Study. Diabetology
International. 2011 doi:10.1007/513340-011
-0021-3

Daimon M, QOizumi T, Karasawa S, Kaino W,
Takase K, Tada K, Jimbu Y, Wada K,
Kameda W, Susa S, Muramatsu M, Kubota I,
Kawata S, Kato T. Association of the
clusterin gene polymorphisms with type 2
diabetes  mellitus. - Metabolism. 2010
doi:10.1016/ j.metabol.2010.07.033

Tanabe Y, Kawasaki R, Wang JJ, Wong TY,
Mitchell P, Daimon M, Oizumi T, Kato T,
Kawata S, Kayama T, Yamashita H. Retinal
arteriolar narrowing predicts 5-year risk of
hypertension in Japanese people: the
Funagata study. Microcirculation. 2010
17:94-102.

Nakagami T, Tajima N, Oizumi T, Karasawa
S, Wada K, Kameda W, Susa S, Kato T,
Hemoglobin Alc in predicting progression to
diabetes. Diabetes Res Clin Pract. 2010
87:126-131.

- 116 -

L PRRR

. Susa S, et al: Association of the microsomal

glutsthione S-transferase 1 gene polymorphism
with type 2 DM and serum adiponectin
concentration. 14th International Congress of
Endocrinology, Kyoto, Japan, March 26-30,
2010

. XP9 K. fib:Clusterin/apolipoprotein

JIRETFRBHE2RARFBEOME: 5 5
3@ AFRERAFRFHES (BL) 2010
g5A278°29A

L KRB, b ERFEREEICET S

FAE BRI EREEOBARLHER : 8
5 3 B AAREEFFRLWES (FL) 2010
#5R2H29H

H SIBIRAEEME D R - BEIR

®mL



Rl 4

MRS
REERL | RXFA MLA RRFAL 5 _R—T | HIRE
Oizumi T, |Assessment of plasma glucose cut] Diabetology doi:10.1007/s13 2011
et al off values to predict the develop-| International. [340-011-0021-3
ment of type 2 diabetes in a
Japanese sample: the Funagata
Study.
Daimon M,|Association of the clusterin gene | Metabolism. doi:10.1016/ j. 2010
et al. polymorphisms with type 2 diabeq metabol.2010.07.
es mellitus. 033
Tanabe Y, [Retinal arteriolar narrowing predictMicrocirculation.| 17 94-102 | 2010
et al. s S-year risk of hypertension in
Japanese people: the Funagata
study.
Nakagami [Hemoglobin Alc in predicting | Diabetes Res | 87 126-13| 2010
T, et al.  |progression to diabetes Clin Pract. 1

- 117 -




