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Cancer Noncancer, noncardiovascular
Deaths, Deaths,
no. RR 95% CI P-value no. RR 95% CI P-value
5 1.00 4 1.00
20 1.17 0.43-3.17 0.76 6 0.62 0.17-2.24 0.46
36 1.40 0.51-3.83 0.51 16 1.55 0.45-5.41 0.49
0.83 0.62-1.09 0.18 0.52 0.35-0.77 <0.01
0.89 0.14
2 1.00 5 1.00
10 1.98 0.42-9.35 0.39 13 1.85 0.64-5.35 0.26
11 3.08 0.63-15.1 0.17 10 2.68 0.84-8.54 0.10
0.67 0.43-1.06 0.09 0.69 0.46-1.04 0.08
0.67 0.06
5 1.00 4 1.00
15 0.85 0.31-2.34 0.75 7 0.53 0.15-1.83 0.31
10 0.72 0.24-2.18 0.57 5 0.52 0.14-1.99 0.34
1.21 0.81-1.81 0.36 1.10 0.65-1.87 1.00
0.49 0.86
4 1.00 5 1.00
15 2.05 0.68-6.22 0.21 10 1.00 0.34-2.97 1.00
10 3.34 1.03-10.8 0.04 15 1.14 0.32-4.05 0.84
0.74 0.57-0.96 0.02 0.98 0.64-1.48 0.91
0.19 0.25

and above of TC, serum albumin levels in linear analysis for
both genders (RR = 0.67, 95% CI = 0.51-0.88 for males;
RR =0.79, 95% CI = 0.64-0.97 for females) and in the
lowest compared with the highest albumin group for males
(RR = 3.10;95% CI = 1.34-7.17), showed significant asso-
ciations with all-cause mortality. These relationships be-
tween serum albumin and all-cause mortality were still
significant after excluding deaths due to liver disease (RR
of the lowest compared with the highest albumin group
for males; RR = 2.96, 95% CI = 1.28-6.84; RR per 1 SD
increase in linear analyses of serurn albumin = 0.68 for
males and 0.80 for females, 95% CI = 0.52-0.89 and
0.65-0.99, respectively). In the group with TC level below
median, although the serum albumin level showed a signifi-
cantly inverse linear association with all-cause mortality
for males (RR = 0.72; 95% CI = 0.56-0.93), this relation
disappeared after excluding deaths due to liver disease.

In these analysis after excluding early deaths, we observed
no significant difference between two models with or without
interaction term of serum albumin and TC both in the group
with median and above of TC and that below the median
of TC.

4. Discussion

To our knowledge, this is the first prospective population-
based study concerning the relation between serum albu-
min level and mortality in a non-Western population. As
seen with Western populations, serum albumin was inversely
associated with all-cause, cancer, and noncancer, noncardio-
vascular mortality for males. Furthermore, in the group with
median and above of TC, serum albumin was inversely
associated with all-cause mortality for both genders, cancer
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mortality for females, and the lowest compared with the
highest albumin group had high relative cardiovascular mor-
tality for males, although the confidence interval was wide.

There are only two previous prospective studies on the
relation between albumin and mortality or morbidity that
include a subgroup analysis stratifying by serum TC level
[6,10]. Weijenberg et al. [10] reported an inverse relation
between serum albumin and the incidence of coronary heart
disease in participants with serum TC levels of 6.5 mmol/L.
or higher in a 5-year follow-up study of 820 Dutch males
aged 64-84 years. This population had a higher level of
serum TC (5.88, 6.13 and 6.38 mmol/L in each TC category)
than in the present study (median 4.78 mmol/L. for males),
although the cut-points for albumin were similar (43, 44—
45, 246 g/L for Dutch males; =43, 4446, =47 g/L. for
Japanese males). In contrast, Reuben et al. [6] reported that
subjects with low albumin (=38 g/L) and low TC (=4.33
mmol/L) had the highest relative risks for 3- and 7-year
mortality in a follow-up study of 937 U.S. males and females
aged 70 to 79 years. These present results were similar to
those of the Dutch study but not the U.S. study. One possible
explanation for the different findings in the U.S. study and
ours is the differences in age distribution. The present study
had a 13.7-year cohort study of middle-aged persons aged
30-59 years old; the U.S. study had a 3- or 7-year cohort
study of elderly persons aged 70-79 years. In the U.S. study,
low albumin was defined as serum albumin of 38 g/L or less
and low TC was defined as serum TC of 4.33 mmol/L or
less. Only 2.5% of participants in the U.S. study met both of
these criteria, so this combination might indicate a high-risk
minority with severe clinical or subclinical disease in the
U.S. elderly.

Although any causal mechanism underlying the associa-
tion of lower serum albumin with higher mortality remains to
be elucidated, it is widely accepted that a low albumin level,
even within the clinical normal range, may result from sub-
clinical disease [23] and adverse health status [24]. It is also
a negative marker of acute-phase inflammatory response
[25]. For example, cytokines such as serum interleukin-6,
which are increased in acute or chronic inflammatory status,
are associated with decreased serum albumin levels [26].
Nelson et al. [12] suggested that albumin level might be a
marker of susceptibility to the inflammatory response that
resulted from smoking.

Although serum albumin correlated inversely with all-
cause and noncancer, noncardiovascular mortality for males
in the lower TC group, these relationships disappeared after
excluding deaths due to liver disease. Liver disease, such
as chronic liver hepatitis or liver cirrhosis, was frequently
associated with low serum albumin level, low serum TC
level, or both, because of the destruction of the normal
hepatocyte in these diseases [27,28]. We did not have infor-
mation on preexisting liver disease, cancer, and chronic in-
flammatory diseases, although people with cardiovascular
disease were excluded from the analysis; however, the analy-
sis excluding deaths in the first 5 years of the follow-up

still showed an inverse association between serum albumin
and all-cause mortality, especially in the participants with
serum TC at or above the median level.

Serum albumin, the protein itself and possibly also albu-
min-bound bilirubin, is thought to be an indirect antioxidant
because of its specific binding capacities for free radicals
[16,17]. It might inhibit vascular injury or progression of
atherosclerosis due to oxidized low-density lipoprotein espe-
cially at higher TC levels in vivo. The inverse association
between albumin and cancer mortality in the higher TC
group, which was especially noted in females, may be also
due to an indirect antioxidative effect of albumin. We were
not able to analyze the relation between serum albumin and
site-specific cancer mortality because of small numbers; a
larger study in a non-Western population is needed.

A potential drawback of the present study is dilution
bias [29], in that the present study was based on only
one albumin and TC measurement per person. Furthermore,
we did not examine albumin and TC change during the
follow-up period. Another limitation is the lack of mea-
surement of oxidized low-density lipoprotein or interleukin-
6, measurement of which would have been useful to help
understand the relationships among serum albumin, TC, and
mortality. Furthermore, we did not make any assessment
for renal function or past history of renal disease due to
hypertension, diabetes, or chronic nephritis, which may
affect serum albumin levels. The prevalence of renal disease
should be small, however, because our study population was
composed of community dwelling, middle-aged partici-
pants who were healthy enough to visit public health centers
to undertake an annual health checkup.

In conclusion, a combination of low albumin level and
a relatively high TC level, even both within the clinical
normal range, was associated with excess mortality in the
Japanese general population. Serum albumin is an important
marker for long-term mortality, although this may or may
not reflect causality. Further cohort studies concerning albu-
min, TC, and mortality in non-Western populations are
indicated.
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Cigarette Smoking as a Risk Factor for Stroke Death in Japan
NIPPON DATAS0

Hirotsugu Ueshima, MD; Sohel Reza Choudhury, MD; Akira Okayama, MD; Takehito Hayakawa, PhD;
Yoshikuni Kita, PhD; Takashi Kadowaki, MD:; Tomonori Okamura, MD; Masumi Minowa, MD;
Osamu lirnura, MD; NIPPON DATAS0 Research Group

Background and Purpose—Some previous Japanese cohort studies failed to show an association between smoking and
stroke risk. Because such an association has been noted in other populations, this issue should be re-examined in a recent
representative Japanese cohort with a higher total cholesterol level.

Methods—A total of 9638 men and women aged 30 years and older without a history of cardiovascular disease (CVD) at
baseline in 1980 were followed-up for 14 years.

Results—We observed 203 stroke deaths (107 cerebral infarctions, 45 cerebral hemorrhages, and 51 others), 191 heart
disease deaths, and 413 CVD deaths. The average serum total cholesterol level was ~4.91 mmol/L. Cox proportional
hazard ratios were calculated adjusting for age, systolic blood pressure, and other conventional risk factors. The hazard
ratios for men who smoked 1 to 20 cigarettes/day for all strokes, cerebral infarction, and cerebral hemorrhage were 1.60
(95% CI, 0.91 to 2.79), 2.97 (CI, 1.27 to 6.98), and 0.42 (CI, 0.16 to 1.09), respectively, and for those who smoked =21
cigarettes/day, they were 2.17 (CI, 1.09 to 4.30), 3.26 (CI, 1.11 to 9.56), and 0.68 (CI, 0.20 to 2.33), respectively. For women
who smoked =21 cigarettes/day, the hazard ratio for all strokes was 3.91 (CI, 1.18 to 12.90). For CVD, all heart disease, and
ischemic heart disease, the hazard risks of smoking were significant (1.49 to 4.25) for men but not significant for women.

Conclusions—Smoking in a cohort with moderate serum total cholesterol level was a potent risk factor for stroke,
especially cerebral infarction, for both men and women, and for CVD and ischemic heart disease for men. (Stroke. 2004;
35:1836-1841.)

Key Words: epidemiology @ cerebrovascular disorders @ stroke @ risk factors

It is well known that cigarette smoking is associated with an We therefore hypothesized that with the recent increase in
increased risk of cardiovascular disease (CVD).! Many dietary fat intake and the relative increase in the population
epidemiological studies in Western populations have identi- blood cholesterol level,'o11 the risk of stroke, particularly
fied smoking as an independent risk factor for stroke,?? and cerebral infarction, in smokers should be higher®2 than that
this association has also been found in people of Japanese observed in previous cohort studies.>® In this study, we
descent living in Hawaii.* However, epidemiological data investigated the association between smoking and the risk of
regarding the relationship between smoking and stroke in death from stroke and stroke subtype, CVD, all heart dis-
Japanese people living in Japan remain inconclusive.5-8 The eases, ischemic heart disease (IHD), and all causes.

Hisayama study involving 1600 rural subjects followed-up .

for 23 yearss did not find any association between smoking Subjects and Methods

and cerebral infarction. Although smoking prevalence was Baseline Survey

high in this population, mean blood cholesterol level was low The subjects of this cohort study were the participants of the National

and hypertension appeared to be the sole cause of stroke from Cardiovascular Survey of 1980 that was conducted with the National

the 1960s to 1975.7 However, recent analysis of the Hisayama ?Il{mtlon Survey. The National Nutrition Survey in Japan is per-
. ormed each year using a similar method and questionnaire. The

study revealed that from 1961 to 1993, smoking was a risk standardized procedures used in this survey have been described

factor for lacunar stroke.? elsewhere.'® This survey was performed for all household members
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aged 30 years or older in 300 census tracts, which were randomly
selected throughout Japan. The baseline survey included medical
examinations, blood pressure measurements, blood tests, and a
self-administered questionnaire about lifestyle from 10 897 subjects.
The survey response rate was 79.4%. Trained staff at local health
centers in the respective districts performed the examinations in
community centers. A history of past illnesses, including heart
disease, stroke, and diabetes, and smoking and drinking habits were
obtained from the questionnaire. Subjects were asked to note
whether they were current smokers, had quit smoking, or had never
smoked. Smokers were asked to note the number of cigarettes
smoked each day. With regard to drinking habits, subjects were
asked to note whether they were “nonsmokers” or “ex-smokers” and
if they were “sometimes” drinkers or “everyday” drinkers. Body
weight was measured while the subjects wore light clothing and no
shoes. Single blood pressure was measured by a standard sphygmo-
manometer to obtain systolic and diastolic blood pressure (SBP and
DBP). Nonfasting blood samples were drawn. The measurement
precision and accuracy for serum cholesterol were certified in the
Lipid Standardization Program administered by the Center for
Disease Control and Prevention, Atlanta, Ga.

Follow-Up Survey

A total of 10 546 subjects aged 30 years or older for whom we had
complete baseline information regarding age, sex, and blood pressure
in the 1980 data set were defined as the cohort (NIPPON DATARSO).
They were followed-up until 1994, and a follow-up survey was
performed in 1994 to ascertain the vital status of cohort subjects.13
Vital statistics for determining causes of death were obtained from
the Management and Coordination Agency, Government of Japan.
Approval for this study was obtained from the Institutional Review
Board of Shiga University of Medical Science (number 12-8, 2000).

The underlying causes of death were coded according to the 9th
International Classification of Disease. Number of deaths from all
causes, CVD (ICD 9 code: 393 to 459), stroke (ICD 9 code: 430 to
438), hemorrhagic stroke {(ICD 9 code: 431 to 432), cerebral
infarction (ICD 9 code: 433, 434, 437.7A, 437.7B), heart disease
(ICD 9 code: 393 to 398, 410 to 414, 415 to 429), and THD (ICD 9
code: 410 to 414) were identified.

Out of 10 546 cohort subjects, the vital status of 9638 subjects
(91.4%) could be ascertained in 1994, A total of 1617 subjects were
excluded because of the following reasons: past history of CVD
(n=697), missing information on smoking at baseline (n=12), and
lost to follow-up (n=908). We analyzed the data of the remaining
8929 subjects (3972 men and 4957 women).

Although there was no difference in smoking rate between men
who were and were not followed-up, there was a significant
difference between women who were and were not followed-up
(8.8% versus 20.0%). The mean ages (*+standard deviation [SD]) at
baseline were 50.0 (+13.0) and 50.2 (*13.1) years for men and
women, respectively; the mean ages at the end of follow-up were
63.1 (=12.2) and 63.6 (+12.5) years, respectively.

Statistical Analysis

Subjects were divided into 4 smoking categories according to their
baseline smoking habits: nonsmoker, ex-smoker, moderate smoker
(1 to 20 cigarettes/d), and heavy smoker (=21 cigarettes/d). The
body mass index (BMI) was calculated as weight (kg) divided by the
square of height (m). A current drinker was defined as an occasional
or everyday drinker. Age-adjusted mortality rates were calculated by
the direct method using the Japanese standard population of 1985.
Analysis of variance was used for comparisons of several means.
The x* test was used to compare the frequencies among the
categories. Age-adjusted and multivariate-adjusted relative risks
were calculated using the Cox proportional hazard model. All P
values were 2-tailed and all ClIs were estimated at the 95% level. The
Statistical Package for the Social Sciences (SPSS Japan Inc, version
10) was used for the analyses.
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Results

There was a large difference in smoking rate between men
and women: 50% to 70% of the men smoked whereas only
7% to 12% of the women smoked. The prevalence of heavy
smokers, as defined by subjects who smoked =21 ciga-
rettes/d, was highest in younger men (age 30 to 39 years). At
the opposite end of the spectrum, the prevalence of quitters
was highest in the elderly. For women, the prevalences of
heavy smokers and of ex-smokers were relatively low. The
drinking rate was also higher in men than in women.

Means and SDs or frequencies of selected variables by
smoking habit at baseline are shown in Table 1. Among the
smoking categories, the mean BMI was the highest in
nonsmoking men, whereas among women, moderate smokers
(=20 cigarettes/d) had the highest BMI. SBP was signifi-
cantly different among the smoking categories for both men
and women: for both sexes, ex-smokers had the highest mean
SBP. Serum total cholesterol significantly differed among
smoking categories for men; however, the absolute differ-
ences among the categories were small.

Table 2 shows the number of deaths and age-adjusted death
rates per 100 000 person-years of observation for all causes of
death and cause-specific deaths according to smoking habits
and sex. The mean follow-up period was 13.2 years; in total,
there were 118 044 person-years of observation and 1112
deaths occurred during this period for men and women
combined. Approximately one third of all deaths were CVD-
related. The numbers of deaths from stroke and from heart
disease were very similar. The mean ages (+SD) of stroke
death cases were 76.9 (*=10.9) and 77.3 (*=11.2) years for
men and women, respectively. Among the stroke subtypes,
the incidence of cerebral infarction death was almost double
for both men and women than that of hemorrhagic stroke
death. The incidence of IHD death was almost one third that
of total heart disease death in both men and women.

Table 3 shows the multivariate-adjusted relative risks of
death from all causes and for CVD-specific death according
to smoking habit. These relative risks were adjusted for age,
SBP, BMI, serum total cholesterol, drinking habit, and
diabetes mellitus.

For all causes of death, the adjusted risks of daily smokers
for both men and women were 14% to 55% higher than those
of nonsmokers, and the relative risk for male heavy smokers
was 1.55 (95% CI, 1.17 to 2.04). For CVD death, ~50% to
100% increase in risk was observed in male smokers com-
pared with male nonsmokers, which was statistically signif-
icant. The relative risk of CVD death in female smokers was
~40% to 135% higher than in female nonsmokers, although
significance was borderline.

For all stroke death, the relative risks for male moderate
and heavy smokers were 1.60 (95% CI, 0.91 to 2.79) and 2.17
(95% CI, 1.09 to 4.30), respectively, whereas that for ex-
smokers was 1.56 (95% CI, 0.84 to 2.90). The relative risk of
cerebral infarction for men was higher than that of all strokes:
3.06 for ex-smokers, 2.97 for moderate smokers, and 3.26 for
heavy smokers compared with nonsmokers (P<0.05 for all).
For women, the relative risk for stroke death for heavy
smokers was significantly higher (relative risk [RR], 3.91;
95% CI, 1.18 to 12.90) than that for nonsmokers; however,
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TABLE 1. Distribution of Selected Risk Factors (Mean=SD or Percentage) by Smoking Habits at Baseline
in 1980, NIPPON DATA80
Smoker
Men Nonsmoker Ex-Smoker 1-20 Cigarettes/d =21 Cigarettes/d Significance
No. of subjects 724 721 1536 991
Age (y) 50.4+14.0 52.8+13.5 51.1+13.1 46.0+10.8 P<0.001
Body mass index (kg/m? 23.1x29 22.6x3.0 22028 227+28 P<0.001
Systolic blood pressure (mm Hg) 138.1+20.7 139.8x21.2 139.3x21.3 134.8+18.7 P<0.001
Diastolic blood pressure (mm Hg) 84.22119 84.5+11.9 83.3+127 82.3+11.9 P<0.01
Serum total cholesterol (mmoi/) 4.86+0.82 4.84+0.90 4.69+0.81 4.87+0.85 P<0.001
Drinking (%) 68.1 719 76.7 79.4 P<0.001
Diabetes (%) 57 6.0 7.3 7.6 NS
Smoker
Women Nonsmoker Ex-Smoker 1-20 Cigarettes/d =21 Cigarettes/d Significance
No. of Subjects 4421 103 398 35
Age (y) 50.05=13.0 54.0+14.5 51.2x13.6 49.7+137 P<0.01
Body mass index (kg/m?) 229+33 22.9x37 22.3+3.7 23+3.0 P<0.05
Systolic blood pressure (mm Hg) 133.2+21.2 139.3x25.4 133.2+214 133.7+24.0 P<0.05
Diastolic blood pressure (mm Hg) 795+11.8 80.1x11.4 78.5+12.5 80.4+13.6 NS
Serum total cholesteral (mmol/L) 5.14+0.88 5.07+0.92 4.93+0.87 5.0920.87 NS
Drinking (%) 17.3 38.8 41.0 60.0 P<0.001
Diabetes (%) 39 7.8 3.3 11.4 P<0.05

P values are of ANOVA or x? test.

Diabetes was defined as a nonfasting serum glucose level =11.1 mmol/L, a past history of diabetes, or both.

moderate smokers had a 42% higher risk of stroke death,
although this was not statistically significant. Smoking was
pot associated with hemorrhagic stroke in either men or
women, even in heavy smokers.

For all heart disease, the relative risk of death gradually
increased in men from ex-smokers (0.98) to moderate smok-
ers (1.40) to heavy smokers (2.15) (P<<0.05). Similarly, the
risk of THD-assoctated death for men also showed a graded
increase from ex-smokers (1.00) to moderate smokers (1.56)
to heavy smokers (4.25) compared with nonsmokers
(P<0.05). The relative risk of IHD-associated death in
women was higher in smokers than in nonsmokers, but this
was not statistically significant.

Discussion

In the present study, we demonstrated that smoking is an
independent risk factor for stroke death in both men and
women. The graded association was clearly evident for both
cerebral infarction and IHD death as well as for total CVD
death. In addition, our study results showed that heavy
smoking in women is also a risk factor for all stroke death.
These findings reveal a recent trend among Japanese smok-
ers, because the NIPPON DATAS80 was the first follow-up
study for a representative Japanese population randomly
selected throughout Japan. Therefore, the death rate and
cause-specific death determinations made in this study rep-
resent the actual figure in Japan.

Both 12-year and 20-year follow-up studies of the Hono-
lulu Heart Program involving Japanese Americans living in

Hawaii showed smoking to be a risk factor for cerebral
infarction and for hemorrhagic stroke.*'4 These findings
combined with those of the present study have led us to
conclude that smoking is a risk factor for stroke in Japanese
people.

Previously, some cohort studies in Japan revealed smoking
to be a risk factor for IHD, but they failed to demonstrate a
convincing association between smoking and all strokes,
hemorrhagic stroke, or nonhemorrhagic stroke.>¢ It was
puzzling that these studies did not show smoking to be a risk
factor for stroke in Japan. One possible explanation for this
result may be that associations between smoking and stroke
risk are only evident in populations with moderate or high
levels of serum total cholesterol. Recent changes in lifestyle
and environmental conditions in Japanese people have caused
an increase in fat consumption.'® In 1965, the per-capita
energy intake from fat in Japan was ~15% according to the
National Nutrition Survey.!® This figure is now 26% overall
and close to 30% for the younger generation.!1:15.16 Addition-
ally, a gradual change in the occurrence of stroke subtype has
occurred; that is, the number of deaths from hemorrhagic
stroke has decreased sharply since ~1965, and at present it is
only one third of the total number of cerebral infarction-
associated deaths.16-18 Individuals who smoke are much more
susceptible to cerebral infarction or lacunar stroke than to
hemorrhagic stroke.!®:1° Therefore, in previous Japanese co-
hort studies, which were performed in a popuiation with low
cholesterol, a high mean blood pressure, and a relatively high
occurrence of hemorrhagic stroke, an association between
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TABLE 2. Number of Deaths and Age-Adjusted Death Rates per 100 000 Person-Years for All-Cause and
Cardiovascular Disease Deaths According to Smoking Habit in Japan During 19801990, NIPPON DATAB0

Smaker
Men Nonsmoker Ex-Smoker 1-20 Cigarettes/d =21 Cigarettes/d Total
Person-years of observation 9245 9280 19911 13159 51774
No. of deaths (age-adjusted death rate)
All-cause 108 (777.1) 129 {(883.0) 256 (944.0) 115 (1145.6) 608 (954.3)
Cardiovascular diseases 37 (249.9) 42 (295.6) 99 (366.8) 40 (436.9)* 218 (346.5)
All stroke 18(119.3) 25 (173.0) 50 (186.8) 19 (209.6) 112 (178.3)
Infarction 7 {46.6) 17 (118.9)* 31 (117.0* 8(113.8) 63 (121.7)
Hemorrhagic 10 (64.2) 6 (41.3) 8(28.6) 4(38.2) 28 (43.3)
Others 1(4.9) 2(32.5) 11 (31.5) 7 (32.4) 21 (27.3)
All heart disease 17 (116.8) 17 (122.6) 43 (159.6) 21 (227.3)* 98 (156.1)
Ischemic heart disease 5(34.1) 6 (46.8) 12 (44.3) 13 (116.9)* 36 (56.3)
Smoker
Women Nonsmoker Ex-Smoker 1-20 Cigarettes/d =21 Cigarettes/d Total
Person-years of observation 59 267 13333 5215 455 66 270
No. of deaths (age-adjusted death rate)
All-cause 421 (543.9) 20 (687.4) 58 (725.6) 5 (748.6) 504 (559.2)
Cardiovascular diseases 159 (203.8) 8(252.2) 24 (286.3)) 4(602.3) 195 (216.7)
All stroke 73(94.8) 5 (160.6) 10 (119.1) 3 (525.8) 91 (102.1)
Infarction 34 (43.9) 3(103.3) 6 (70.7) 1(76.4) 44 (48.9)
Hemorrhagic 16 (20.2) 1{28.6) 0 0 17 (18.8)
Others 23(30.2) 1(37.0) 4(23.0) 2(263.2) 30(33.3)
Al heart disease 76 (95.8) 3{91.6) 14 (167.2)* 0 93 (102.0)
Ischemic heart disease 28 (34.9) 1(28.6) 4 (47.0) 0 33 (35.9)

*Age-adjusted relative risk for death is significantly higher than that of nonsmoking group at the level of alpha=0.05.

smoking and stroke did not emerge. A similar situation
currently exists in China. Although China has a very high
smoking rate, a recent report from a cohort study in rural
areas of China failed to show a significant association
between smoking and stroke.20

Hypertension is a well known risk factor for stroke. Our
data clearly show that smoking is aiso a potent risk factor for
cerebral infarction, even in populations with moderate cho-
lesterol levels such as those in certain Asian and other
developing countries. Therefore, reducing the incidence of
smoking as well as hypertension should be a high priority in
attempts to overcome the increase in CVD in developing
countries and for reducing the number of disabled people in
most industrialized countries.

To identify cause of death, we used underlying cause of
death determined by a government officer through a review
of death certificates written by medical doctors. Misdiagnosis
of stroke and its subtypes as well as THD by a clinician
occasionally occurred, which may have caused underestima-
tion or overestimation of the number of cause-specific deaths.
We could not validate the recorded cause of death with
autopsy findings in this cohort. However, most of the stroke
cases in Japan are referred to hospitals for admission and
computerized tomography (CT) is performed on >90% of the
admitted cases, even in rural areas.!72! The >9000 CT
machines available throughout Japan in 1996 made this

possible.?2 It has also been reported that according to autopsy
studies, the death certificate diagnosis for stroke in the
Hisayama and Hiroshima/Nagasaki studies were quite accu-
rate.?*24 Therefore, we believe that the diagnoses of stroke as
well as its subtypes were mostly correct. In contrast, IHD may
have been underestimated to some extent; however, Japanese
people do have the lowest incidence of and mortality from
IHD in the world.”-16.2526

The effect of smoking on the risk of CVD may have been
underestimated in our cohort study because smoking habits
were identified only once at baseline by a questionnaire in
1980.27 In addition, the lost female subjects had a higher
smoking rate than those who were followed-up, and some of
the individuals who smoked at baseline may have quit during
the follow-up period. Because the risk of CVD after smoking
cessation approaches that of nonsmokers within a few
years,2?8 the risk of CVD in smokers may have been
underestimated because those who quit were still considered
to be smokers in this study. Actually, the prevalence of male
and female ex-smokers increased by 3.9% and 0.6%, respec-
tively, between 1980 and 1990.27 A similar underestimation
may have occurred regarding the risk of hypertension because
of an increased treatment rate for hypertension (from 12.8%
to 15.6% between 1980 and 1990 in men and women
combined) and regarding hypercholesterolemia for IHD
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TABLE 3. Multivariate-Adjusted Relative Risk (95% Cl) for All-Gause and Cardiovascular
Disease According to Smoking Habit in Japan, NIPPON DATA80

Men

Nonsmoker

Ex-Smoker

Smoker

1-20 Cigarettes/d

=21 Cigarettes/d

All causes

CvD

All stroke
Infarction
Hemorrhagic

All heart disease
Ischemic heart disease

1

T L Gy

117 (0.90-1.52)
1.20 (0.76-1.90)
1.56 (0.84-2.90)
3.06 (1.23-7.63)*
0.60 (0.21-1.69
0.98 (0.48-1.98

)
)
)
1.00 (0.28-3.53)

1.14 (0.91-1.44)

1.49 (1.00-2.20)*

1.60 (0.91-2.79)

2.97 (1.27-6.98)*

0.42 (0.16-1.09)
1.40 (0.78-2.51)
1.56 (0.54-4.53)

1.55 (1.17-2.04)"
2.00 (1.24-3.31)*
217 (1.09-4.30)"
3.26 (1.11-9.56)*
0.68 (0.20-2.33)
215 (1.09-4.24)*
4.25 (1.42-12.8)"

Women

Nonsmoker

Ex-Smoker

Smoker

1-20 Cigarettes/d

=21 Cigarettes/d

Alt causes

GvD

All stroke
Infarction
Hemarrhagic

All heart disease
Ischemic heart disease

1.21 (0.76~1.92
1.03 (0.49-2.15
1.31 (0.50~3.39
1.60 (0.46-5.63
1.23 (0.15~11.40)
0.89 (0.27~2.93)
0.87 (0.11-6.70)

= D 2

1.31(0.99-1.74)
1.43 (0.92-2.23)
1.42 (0.72-2.78)
1.75 (0.71-4.30)
1.58 (0.87-2.86)
1.27 (0.43-3.78)

1.32 (0.54-3.22)
2.35 (0.85-6.50)

3.91 (1.18-12.90)"
2.31 (0.30-18.10)

Relative risk were adjusted for age, systolic blood pressure, body mass index, serum total cholesterol, drinking

habit, and diabetes.

*Significantly higher than nonsmaker group at alpha=0.05 level.

caused by the 0.026-mmol/L increase in serum total
cholesterol.?”

In conclusion, smoking is a potent risk factor for death
from stroke, THD, all CVD, and all causes of death for both
Japanese men and women. We therefore need to more
rigorously promote antismoking programs and policy not
only in Japan but also in other Asian countries with high
smoking rates.
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