816

OHSAWA M et al.

Table 2 Person-Years, Numbers of Deaths and Age-Adjusted Mortality Rate (per 100,000 Person-Years) and RR for
Stroke Death, Cardiovascular Death and All-Cause Death by 19-Year Follow-up of NIPPON DATAS80

Non-AF AF RR (95%CI)

Men and women

Total number 9,423 60

Person-years 162,980 699

Stroke death 308 (115) 10(342) 2.51(1.374.62)

Cardiovascular death 674 (249) 24 (1,342) 2.76 (1.87-4.08)

All-cause death 1,878 (713) 41(2,173) 1.87(1.38-16.2)
Men

Total number 4,127 27

Person-years 69,915 356

Stroke death 163 (156) 2(227) 0.99 (0.25-3.98)

Cardiovascular death 343 (328) 5 (366) 1.24(0.51-2.99)

All-cause death 1,014 (983) 15 (1,429) 1.37(0.82-2.27)
Women

Total number 5,296 33

Person-years 93,065 343

Stroke death 145 (100) 8(689) 5.43(2.89-10.2)

Cardiovascular death 331(217) 19(5,711) 5.41(3.59-8.15)

All-cause death 864 (587) 26 (6,398) 4.59(2.19-37.7)

Data are number of deaths (age-adjusted mortality rates) and RR (95%CI).

Direct age adjustment wus performed bused on the Jupan standard population of 1985,
Age-adjusted RR and 95%CI were estimated by the Mantel-Haenszel procedure.

RR, relative risks; Cl, confidence intervals. Other abbreviation see in Table 1.

Registration Law, all death certificates issued by medical
doctors are forwarded centrally to the Ministry of Health
and Welfare via the public health centers in the area of resi-
dency. From 1980 to 1994 the underlying causes of death
were coded according to the International Classification of
Diseases (ICD) 9% Revision and from 1995 to 1999 were
coded according to the ICD 10% Revision,

We confirmed deaths by computer matching of data
from the Vital Statistics, using area, sex, dates of birth and
death as key codes!¢ Death from stroke was defined as ICD
9 code numbers 430—438 or ICD 10 code numbers I160-169.
Death from cardiovascular disease was defined as ICD 9
code numbers 390-459 or ICD 10 code numbers T00-I99.

Permission to use the National Vital Statistics was
obtained from the Management and Coordination Agency,
the Government of Japan. Approval for this study was
obtained from the Institutional Review Board of Shiga
University of Medical Science for ethical issues (No.12-
18, 2000).

Statistical Analysis

Student’s t-test was used to test differences of several
parameters between 2 groups. The chi-square test was used
to compare the frequencies among the categories. Age-
adjusted mortality rates were calculated by the direct
method using the Japanese standard population of 1985,
Age-adjusted relative risks and 95% confidence intervals
were calculated using the Mantel-Haenszel procedure.
Multivariate adjusted relative risks attributable to AF for
all-cause mortality and cause-specific mortality were calcu-
lated using Cox’s proportional hazard model with adjust-
ments for age, SBP, BMI, serum TC levels, plasma glucose
levels, presence of valvular heart disease or LVH on ECG,
current smoking and regular drinking. All probability
values were 2-tailed, and values less than 0.05 were consid-
ered to be statistically significant. The Statistical Package
for Social Sciences (SPSS Japan Inc version 11.0 Tokyo,
Japan) was used for the analyses.

Results

The prevalence of AF was 0.64% in this study (0.65%
among men and 0.62% among women). Table 1 shows the
baseline characteristics of participants with AF (AF group)
and those without AF (non-AF group). Mean ages in the
male and female AF groups (63.4 years and 68.8 years,
respectively) were significantly higher than those in the
non-AF groups (50.6 years and 50.3 years, respectively). In
women, mean SBP and the percentages of participants with
LVH or HT in the AF group were significantly higher than
those in the non-AF group (SBP: 145.2 vs 133.9; LVH:
15.2% vs 4.8%; HT: 69.7% vs 41.4%). The proportion of
subjects with valvular heart disease in the AF groups was
significantly higher than in the non-AF group in both men
and women (11.1% vs 0.5% in men; 18.2% vs 0.6% in
women). Prevalence of current smokers in the male AF
group was significantly lower than in the male non-AF
group (37.0% vs 63.3%).

Table2 shows the results of age-adjusted mortality rates
based on the Japan standard population of 1985 (per
100,000 person-years) and relative risks for stroke death,
cardiovascular death and all-cause death. The observed
person-years were 163,679. A total of 1,919 deaths
occurred during this period (1,878 in the non-AF group and
41 in the AF group). Age-adjusted mortality rates in both
sexes were 713 in the non-AF group and 2,173 in the AF
group. Age-adjusted relative risks in both sexes attributable
to AF for stroke death, cardiovascular death and all-cause
death were 2.51, 2.76 and 1.87, respectively.

Among men, age-adjusted mortality rates were 983 in
the non-AF group, 1,429 in the AF group. Age-adjusted
relative risks attributable to AF for stroke death, cardiovas-
cular death and all-cause death were 0.99, 1.24 and 1.37,
respectively (NS).

On the other hand, age-adjusted relative risks attribut-
able to AF for stroke death, cardiovascular death and all-
cause death among women were 5.43, 5.41 and 4,59,
respectively (all p values <0.05).

Table3 shows the results of Cox’s regression analysis
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Table 3 Multivariate Adjusted RR (95% CI) Attributable to AF by Cox’s Regression Analysis, NIPPON DATA80, 19-Year

All-cause death

2.28(1.53-3.38)

5.00(2.16-11.6)

Follow-up
All participants <65 years 265 years

RR (95%CI) RR (95%CI) RR (95%CI)

Men and women 9,483 (601) 7,922 (241) 1,561 (367)
Stroke death 2.69(1.42-5.10) 14.7 (4.59-47.2) 1.93(0.90-4.14)
CVD death 2.76 (1.81-4.20) 9.63 (4.30-21.6) 2.06 (1.26-3.39)
All-cause death 1.88(1.37-2.58) 4.00(2.21-7.25) 1.47(1.01-2.13)

Men 4,154 (277) 3,477 (121) 677 (151)
Stroke death 1.27(0.31-5.18) 9.31(1.24-70.1) 0.67 (0.094.85)
CVD death 1.38(0.56-3.43) 3.44(0.47-25.0) 1.09 (0.39-3.05)
All-cause death 1.39(0.82-2.35) 2.83(1.05-7.63) 1.10(0.59-2.05)

Women 5,329 (331) 4,445 (121) 863 (211)
Stroke death 3.75(1.80-7.82) 19.0 (4.41-82.1) 2.83(1.21-6.60)
CVD death 3.96 (2.46-6.37) 10.8 (3.80-30.9) 2.87 (1.62-5.08)

1.73 (1.07-2.78)

817

Data are multivariate adjusted RR (95%CI).

Multivariate adjusted RR (exponential B) and 95%CI were estimated by Cox’s regression analysis after adjusting for age, body
mass index, systolic blood pressure, blood glucose level, total cholesterol level, history of valvular heart disease, existence of left

ventricular hypertrophy, regular drinking and current smoking status.

tNumber of participants with atrial fibrillation.

CVD, cardiovascular disease. Other abbreviation see in Tables 1,2.
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with adjustments for other risk factors. At all ages, multi-
variate adjusted relative risks for both sexes attributable to
AF for stroke death, cardiovascular death and all-cause
death were 2.69, 2.76 and 1.88, respectively (all p values
<0.05). These were 1.27, 1.38 and 1.39 among men (NS)
and 3.75, 3.96 and 2.28 among women (all p values <0.05).
Among persons aged 64 years or younger, relative risks for
stroke death, cardiovascular death and all-cause death
attributable to AF were higher than among participants of
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(A) subjects of all ages, (B) subjects aged 64
years or younger, (C) subjects aged 65 years
or older.

all ages. Relative risks for stroke death were notably high
in both men and women. Among persons aged 65 years or
older, relative risks for death from each cause were lower
than among participants of all ages.

Fig1 shows the Cox’s regression survival curves for
subjects with or without AF, The survival curve in the AF
group was below that in the non-AF group (Fig1A). The
difference between survival rates in the AF group and the
non-AF group was more evident among persons aged 64
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years or younger (Fig 1B), with the difference being some-
what vague among persons aged 65 years or older (Fig1C).

Discussion

This study shows that AF contributes to stroke mortality,
cardiovascular mortality and all-cause mortality in both
sexes of the Japanese general population, especially the
young generation (<65 years old). Although the prognosis
of AF has been reported for Westerners, the extent to which
AF contributes to mortality in the Japanese general popula-
tion has not been fully elucidated. Some researchers tried to
reveal the difference in Japanese subjects between the
prognosis of patients with sustained AF and that of patients
without AF after cardioversion; however, those studies did
not determine whether AF contributes to mortality in
Japanese people!®!9 Moreover, the difference in mortality
attributable to AF in elderly and middle-aged people has
not been addressed in a representative Japanese general
population until now.

The framingham Heart Study showed that AF contributed
to an increase in stroke incidence, even in elderly people20
and so careful attention is needed to interpret the result that
suggested a low relative risk for mortality attributable to AF
among elderly persons in the present study. Because the
prevalence of AF has been reported to be less than 1%
among Japanese persons aged less than 70 years! partici-
pants aged less than 65 years at the time of registration
would be less likely to develop AF and elderly persons more
likely to develop AF during the follow-up period. This
would attenuate the relative risk for death from each cause
attributable to AF among the elderly.

The present study also showed obvious sex difference in
the risk for death from each cause attributable to AF. A
significant interaction between AF and sex certainly exists.
In the Framingham Heart Study, AF was no longer signifi-
cantly associated with increased mortality among men after
elimination of 30-day mortality, in contrast to the results for
women?! Other studies also showed that AF was a greater
risk for mortality in women than in men?>-24 In a recent
study the greater risk for ischemic stroke attributable to AF
in women than in men was also confirmed, as well as the
risk for mortality?S The reason why a sex difference exists
in the relationship between AF and mortality and in the rela-
tionship between AF and ischemic stroke is unknown.

We estimated age-adjusted mortality rates using direct
age adjustment based on the Japanese standard population
of 1985. All-cause mortality in female participants with AF
exceeded 6,000 per 100,000 person-years, which seems to
be an overestimation of the actual status, although the rela-
tive risk determined by using the Mantel-Haenszel proce-
dure was similar to the multivariate adjusted relative risk
estimated by Cox’s regression analysis. The small number
of subjects with AF, especially in the female younger
generation, may have distorted the results and caused over-
estimation of the mortality rate. Analysis of a small number
of subjects with AF may also lack robustness, because a
different result would be obtained if several cases had other
outcomes.

Study Limitations

Since the original survey in 1980 was not designed for a
prospective study, retrospective analyses of the data have
several limitations. Risk factors were only observed once at
baseline and changes in lifestyle or risk factor levels were
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not considered. The risk attributable to risk factors may
have been underestimated and confounding effects of risk
factors may not have been fully adjusted. Assessment of
relative risks attributable to AF for mortality analyzed by
the presence of AF based on a single recording of ECG at
baseline does not take into account subsequent develop-
ment of AF and, therefore, tolerates underestimation of the
relative risks. A follow-up study of the incident cases is
preferable for estimating the actual risks for mortality
attributable to diseases such as AF, which have an age-
dependent prevalence. Paroxysmal AF can not be always
detected by a single recording of ECG, so the lack of cases
of paroxysmal AF results in underestimation of the relative
risks for mortality attributable to AF. Lack of information
on the history of anticoagulant therapy also seems to be a
study limitation.

Persons with AF may have impaired cardiac function
and therefore already have developed asymptomatic
organic heart disease. Although we estimated the mortality
risk after adjusting for other risk factors, including pres-
ence of valvular heart disease or LLVH, this analytical
procedure may not have been fully adjusted for the effect
of heart failure on prognosis.

We estimated the relative risks for mortality attributable
to AF using data from the Vital Statistics, but we did not
estimate relative risks for cardiovascular morbidity attrib-
utable to AF. AF is an important predisposing factor for
both heart failure26 and hospital admission?” Whether AF
affects cardiovascular morbidity among Japanese people
remains to be determined.

Despite its several limitations, this study has some
strong points. One is the representative Japanese popula-
tion randomly selected from throughout Japan in the 1980s.
Therefore, the total mortality rate and cause-specific
mortality rate in this study should be considered as repre-
senting the actual status of Japanese adults living in the
1980s and may reflect results from the era before anticoag-
ulant therapy became widespread. Another strong point of
this study is the high follow-up rate despite a long follow-
up period. There were 163,679 person-years and the mean
follow-up period exceeded 17.

Conclusions

AF affects stroke mortality, cardiovascular mortality and
all-cause mortality in the Japanese general population.
Careful attention should therefore be paid to persons with
AF in order to prevent future cardiovascular events.
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Abstract The increased prevalence of obesity in Japan
may contribute to the high prevalence of hypertension in
Japan. In the present study, we calculated the odds ratio for
hypertension in obesity (body mass index (BMI) > 25.0
kg/m?®) using data from independent nationwide surveys
conducted in 1980 and 1990. We estimated the percentage
of hypertensives whose condition was due to obesity among
total hypertensives in the general Japanese population. In
the 1980 survey, 18.8% of 4,623 male participants were
obese and 50.4% were hypertensive, whereas 22.6% of
5,893 female participants were obese and 41.1% were
hypertensive. For both sexes, obese participants had a
higher odds ratio for hypertension than non-obese partici-
pants (BMI < 25.0 kg/m?), and there was a significant
dose-response relationship between BMI and the odds ratio
for hypertension. Among all hypertensives, the percentage
whose hypertension was due to obesity in 1980 and 1990
was 11.4% (95% confidence interval (CI): 4.7-17.7%) and
15.3% (95% CL: 6.8-23.1%) for men and 19.3% (95% CI:
12.1-25.9%) and 22.3% (95% CL: 14.6-29.3%) for women,
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respectively. Approximately 80-90% of individuals with
obesity-induced hypertension were in the 25.0 < BMI <
30.0 kg/m? category for both sexes in each year. In con-
clusion, we found that obesity-induced hypertension as a
proportion of total hypertension increased between 1980
and 1990 for both sexes. Obesity now is playing a more
important role in the high prevalence of hypertension in
Japan than it was before.

Keywords Obesity - Body mass index - Hypertension -
Japan

Introduction

The high prevalence of hypertension in Japan has been
mainly attributed to both high sodium [1-5] and high
alcohol intake, at least among men [2, 4, 6~8]. The mean
body mass index (BMI) in the Japanese population in 1960
was less than 22 kg/m2 [2, 9], far lower than that in the
Western population (approximately 25 kg/m?) [10]. Thus,
obesity was not a significant factor in hypertension for the
Japanese population at that time. However, the mean BMI
of the Japanese population increased significantly over
subsequent decades [2, 9, 11]. As a result, obesity may now
be playing a more important role in the high prevalence of
hypertension in Japan than it was before [2, 4, 11-141.
Therefore, it is important to clarify how much obesity is
contributing to the high prevalence of hypertension in
Japan.

In the present study, we measured and compared the
proportion of individuals with obesity-induced hyperten-
sion among total hypertensives in both 1980 and 1990 in
populations selected randomly from the overall Japanese
population.
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Population and methods
Study design and participants

NIPPON DATA (National Integrated Project for Prospec-
tive Observation of Non-communicable Disease And its
Trends in the Aged) is a series of cohort studies conducted
by the National Survey on Circulatory Disorders, Japan.
The details of these cohort studies have been previously
reported [15-20]. In the present study, we analyzed base-
line data from NIPPON DATAS80 (data from the Third
National Survey on Circulatory Disorders, Japan in 1980)
and NIPPON DATA90 (data from the Fourth National
Survey on Circulatory Disorders, Japan in 1990). The 1980
and 1990 surveys were conducted in independent popula-
tions, which comprise different participants.

In the 1980 survey, a total of 10,546 community residents
(4,640 men and 5,906 women; > 30 years old) participated
from 300 randomly selected districts. The overall population
aged 30 and over in all districts was 13,771, and the partic-
ipation rate in this survey was 76.6%. Of the 10,546
participants, 30 were excluded due to missing information in
the baseline survey. The remaining 10,516 participants
(4,623 men and 5,893 women) were included in the analysis.

Similarly, in the 1990 survey, a total of 8,384 residents
(3,504 men and 4,880 women; > 30 years old) participated,
comprising 76.5% of 10,956 residents aged 30 and over. Of
the 8,384 participants, 122 were excluded due to missing
information in the baseline survey. The remaining 8,262
participants (3,454 men and 4,808 women) were included in
the analysis. Accordingly, the participants in these surveys
were thought to be representative of the Japanese population.

The present study was approved by the Institutional
Review Board of Shiga University of Medical Science for
Ethical Issues (No.12-18, 2000).

Examination

In both surveys, body mass index (BMI) was calculated as
weight (kg) divided by the square of height (m). Obesity
was defined as a BMI > 25.0 kg/m2 [22]. In order to
estimate the proportion of individuals with obesity-induced
hypertension among total hypertensive participants in the
study populations, the participants were classified into two
categories: “BMI < 25.0 (kg/mz)” and “BMI > 25.0 (kg/
m?)”. Additionally, in order to investigate the details of the
corresponding proportion, obese participants were stratified
into two further categories: “25.0 < BMI < 30.0 (kg/
m?%)” and “BMI > 30.0 (kg/mz)”. These ranges were in
accordance with the obesity classification system of the
Japan Society for the Study of Obesity [21] and that of the
World Health Organization [22].

aQ Springer

Baseline blood pressures were measured by trained
observers using a standard mercury sphygmomanometer on
the right arm of seated participants after a sufficient period
of rest. Information on use of anti-hypertensive agents was
obtained by public health nurses. According to the Seventh
Report of the Joint National Committee [23], hypertension
was defined as a systolic blood pressure > 140 mmHg, a
diastolic blood pressure >90 mmHg, the use of anti-
hypertensive agents, or any combination of these. Alcohol
drinking and smoking habits were also assessed by inter-
views with public health nurses.

Statistical analysis

Initially, we analyzed data from the 1980 and 1990 surveys
using one-way analysis of variance or a Chi-square test to
compare baseline risk characteristics among the different
BMI categories. Next, we calculated the prevalence of
hypertension in each of two BMI categories (“BMI < 25.0
(kg/m?)” and “BMI > 25.0 (kg/m?)”) in 1980 and 1990.
Using a logistic regression model, the significance of an
interaction between hypertension, obesity and sex was
tested using an interaction term for the categorical vari-
ables (2 categories for sex, and 3 categories for BMI). The
odds ratio for hypertension in each BMI category was
calculated with BMI < 25.0 serving as a reference. Age
(continuous variable), alcohol drinking habit (never, ex- or
current drinker, using two dummy variables with never
serving as a reference) and smoking habit (never, ex- or
current smoker, using two dummy variables with never
serving as a reference) were included in the regression
models as potential confounding variables. We calculated
the percentage of individuals with obesity-induced hyper-
tension among total hypertensives in 1980 and 1990 using
the following equation: [prevalence of obesity among hy-
pertensives x (odds ratio — 1)}/odds ratio [24]. The 95%
confidence interval (CI) for the corresponding proportion
was calculated using the formula proposed by Greenland
[25]. Finally, in order to investigate the details of the
corresponding proportion, we analyzed the data using the
above equation after classifying the participants into three
BMI categories (“BMI < 25.0 (kg/mz)”, “25.0 < BMI <
30.0 (kg/m?)” and “BMI > 30.0 (kg/m®)”).

The statistical analysis was performed using SPSS 14.0J
for Windows (SPSS Japan Inc., Tokyo, Japan). P values
were two-sided, and values of p < 0.05 were considered
statistically significant.

Results

For the 1980 survey, the mean values or proportions of risk
characteristics for male and female participants grouped
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according to their BMI are summarized in Table 1. Of the
4,623 male participants (mean age, 49.9 years old; mean
body height, 162.2 cm; mean body weight, 59.3 kg; mean
BMI, 225 kg/mz), 18.8% were obese and 50.4% were
hypertensive, whereas 22.6% of the 5,893 female partici-
pants (mean age, 50.1 years old; mean body height,
150.1 cm; mean body weight, 51.5 kg; mean BMI,
22.8 kg/m®) were obese and 41.1% were hypertensive. For
both sexes, there were little differences in the mean values
of body height among the three BMI categories, although
there were large differences in the mean values of body
weight. For men, the mean values of age in the two obese
categories were lower than in the non-obese category,
whereas for women, the mean values of age in the two
obese categories were higher than in the non-obese
category.

In the 1980 survey, there was no interaction of hyper-
tension with obesity and sex (p = 0.14). For both sexes, an
obese participant with a BMI > 25.0 kg/m? had a higher
prevalence of hypertension (60.2% vs. 48.1% for men, and
58.7% vs. 35.9% for women) and a significantly higher
odds ratio for hypertension (2.03; 95% CIL: 1.73-2.39 for
men, and 2.57; 95% CI: 2.24-2.96 for women), as com-
pared to a non-obese participant with a BMI < 25.0 kg/m?.
The proportion of individuals with obesity-induced
hypertension among total hypertensives was estimated to
be 11.4% (95% CI: 4.7-17.7%) for men and 19.3% (95%
CI: 12.1-25.9%) for women (the results described above
are not shown in the Table). There was a dose-response
relationship between BMI and odds ratio for hypertension
in both sexes (Table 2). Table 2 shows the percentage of
individuals with obesity-induced hypertension among total
hypertensives in each of the further stratified BMI cate-
gories. The proportion of individuals with obesity-induced
hypertension was much higher in the 25.0 < BMI < 30.0
(kg/m?) category than in the BMI > 30.0 (kg/m?) cate-
gory for both sexes.

For the 1990 survey, the mean values or proportions of
risk characteristics for male and female participants
grouped according to their BMI are summarized in
Table 1. Of the 3,454 male participants (mean age,
53.3 years old; mean body height, 163.6 cm: mean body
weight, 61.6 kg; mean BMI, 23.0 kg/mz), 23.7% were
obese and 49.8% were hypertensive, whereas 23.8% of the
4,808 female participants (mean age, 52.7 years old; mean
body height, 151.2 cm; mean body weight, 52.2 kg; mean
BMI, 22.8 kg/m?) were obese and 43.1% were hyperten-
sive. Similar to the 1980 survey, there was little difference
in the mean values of body height among the three BMI
categories for both sexes, although there were significant
differences in the mean values of body weight. Further-
more, for men, the mean values of age in the two obese
categories were lower than that in the non-obese category,

whereas for women, the mean values of age in the two
obese categories were higher than that in the non-obese
category.

In the 1990 survey as well as the 1980 survey, there was
no interaction of hypertension with obesity and sex
(p = 0.31). For both sexes, an obese participant with a
BMI > 25.0 kg/m? had a higher prevalence of hyperten-
sion (60.3% vs. 46.6% for men, and 63.3% vs. 36.9% for
women) and a significantly higher odds ratio for hyper-
tension (2.15; 95% CI: 1.81-2.56 for men, and 2.77; 95%
CI: 2.37-3.23 for women), as compared to a non-obese
participant with a BMI < 25.0 kg/m2. The proportion of
individuals with obesity-induced hypertension among total
hypertensives was estimated to be 15.3% (95% CI: 6.8—
23.1%) for men and 22.3% (95% CI: 14.6-29.3%) for
women (the results described above are not shown in the
Table). There was a dose-response relationship between
BMI and odds ratio for hypertension in both sexes
(Table 2). Table 2 shows the percentage of individuals
with obesity-induced hypertension among total hyperten-
sives stratified further into a number of BMI categories.
The proportion of individuals with obesity-induced
hypertension was much higher in the 25.0 < BMI < 30.0
(kg/m?) category than in the BMI > 30.0 (kg/m?) cate-
gory for both sexes.

Discussion

In the present study, we demonstrated the increased pro-
portion of individuals with obesity-induced hypertension
(BMI > 25.0 kg/m?) among total hypertensives over a
decade between 1980 and 1990 for both sexes. Only data
from a nationwide random sampling survey such as ours is
able to generate a reliable estimate of the prevalence of
obesity and hypertension in the whole Japanese population
and the proportion of individuals with obesity-induced
hypertension among total hypertensives in Japan, which is
a major strength of the present study.

Obesity is associated with the development of hyper-
tension [26-32]. Mechanisms of the development of
hypertension among obese individuals include hyperinsu-
linemia, insulin-induced sodium retention and increased
sympathetic tone [32]. Previously, Takashima [33] repo-
rted that 9.4% of middle-aged male hypertensives in a
corporation in Japan had obesity-induced hypertension
(BMI > 25.0 kg/m?) in a cross-sectional study in 1980.
Our result is fairly consistent with this finding. For Western
populations, with a higher mean BMI compared to Japa-
nese and other Asian populations [34], obesity is generally
defined as a BMI > 30.0 kg/mz, and a condition of
25.0 < BMI < 30.0 kg/m? is regarded as overweight [22].
However, here, we compared our results with results from

@ Springer

— 127 —



K. Nakamura et al.

694

(500 > d) 9oueograSts [eousHels 41593 arenbs M) € 10 vouerreA Jo siskfeue Aem auo Aq sorofores JNY o°Iq o3 Suouwre paredmoo arom suonzodoid J0 sanfeA eI
K10831e0 10 Ut syuedonred Jo 95 941 Jo (JS F UROW 9Y} SJeOIPUT SIN[BA

* TTE (44 [yrdl 0'sT 091 L'11 (%) s1uade asrsuspadAy-nue Jo os)
% $EIF SL8 911 ¥ 948 TILFQLL TOI ¥ 616 Y11 F 698 PILF T8 (8Hurwr) axssaxd poojq drjoIseic]
" 6 'TTF L'SYT 00T F €1¥1 TOTF 0'IEl T61 F 6'8Y1L T81 F 90P1 £0T ¥ 9°9¢1 (8gwrw) amssaxd pooyq droIshs
€€l 6 ¥'6 oSy 1879 96 (9) 1oxours Juarmy)
8¢ LT LT 0°0¢ L'ST |84 (%) 1yows-xg
Jiqey Sunjowrg
€9 I's 69 €8S L'09 6'9S (%) 1o3{uup Aqrep juarmn)
Lo 01 1 0§ L9 TL (%) 1yuup-xg
Tiqey SUD[ULp [0YOO[Y
* 61 F6IE €17 897 ITFVI1T €TF8IE TIF99C ITFLIT (w/8Y) xopur ssewr Apog
* CLFOTL 86 F €09 T9F €6 96 F $'93 S9OF LIL SLFTSS (3 1ySrom Apog
* 09 ¥ ¢°0ST 9 ¥ 0°0S1 99 F 9161 99 F 8991 9'9 F 1491 69 F $°€91 (wo) JyS1eq Apog
* LTI F €8S 9T F 65 CPLF 9IS YT F S6p 9CI F 8IS 0vl F 8¢S (sreak) o8V
0% (802 (%TIL) @wn 617 (€'9L)
£l 666 999°¢ 09 8SL 9£9°T (e8eyueorad) syuedronred Jo sequinN
06614l
# $IE g6l T6 %41 S€l 86 (%) s1uase aarsuapadAy-nue o 9s()
* SEl ¥ 698 STIF8¢8 LTI I'8L SCL ¥ 606 STI*9L8 1’21 F978 (8Hurur) amssaid pooiq drjoIseI(q
* € TTF 691 TTTF ST 60T F v'IE1 STTFOevl L6l F91p1 TITF 9LEL (@gurw) amssoid pooiq orjoIsks
s 001 001 005 T9§ L9 (%) 19xours Juorm)
¥ L? €T 0'1¢ 00T ¥'81 (%) 1yows-xg
jiqey Surjows
0°LT oLl €12 L99 €SL 1§77 (%) 1ox{uup A[rep Juarm)
€T 07 91 8Y ¥'s 6 (%) 1uLp-Xg
* J1qey uD[ULp [0Yo[Y
* TTFELE €1 F 697 ITF 41T LTFETE TIF99T 0CFSIT (w/3x) xopur ssewr Apog
* €8FIIL TSF 009 I'9F 98y LLF LIS T9F90L €LF 998 (3% wSrom £pog
* 09 F L'gpl L'SF ¢6bl T9 F $0ST '6 %9191 T9 F 891 89 F ['791 (u10) yBray Apog
" €T F 9T €TLF6T1S LELF S6p STLFO'8Y 9ILF 6L L€l F $08 (s1e0k) 9By
(9] 96D WL (V)] L) (T'18)
9LL SST1 595y 24 0£8 85L'E (e8eymonad) syuedronred jo requinN
0861 Ul
ING > 00€ 00¢ > INg > 0'ST 0'ST > INg INg > 00€ 00£>INd S 0°ST 0'ST > INg

(QW/3) (NG XopuI ssew Apog

(;w/3) (INg) ¥epur ssew Apog

USTIO M

waN

06 ‘08VIVA NOJJIN :Xopur ssew Apoq pue xas uo paseq siuedionred ossuedef Jo 0661 Pue 0861 UL sonsueoereyo s sureseq I dqel,

pringer

Qs

— 128 —



695

Obesity and hypertension in Japan

0'ST > NG "sa (50°0 > d) 3oueoyTuSLs [eonsnels . 1qeq SUPfous pue Jqey SUD[UHp [0Yode ‘efe 10y parsafpe [apowr uorsserdor onsKSo v Aq paje[no[ed 2Iom sonel SppO

1R Jo 9sn 3y ‘SHuma g6 < amssaxd poolq orjojseIp e

98941 JO UopeUIqUIOD AUk Io ‘sjuafe oAlsuopadAy

‘SHww op7 < sxmssaid pooiq Or[ojsAs € se paugep sem uorsuswadAy pue ‘2 WY3Y ('S Xopur ssew Apoq e se pouyep sem £i1saqQ)

8¢ +(08'9-00) ¥ 1L w01 ¢ et INg > 0'0¢
¥'81 «(S0'€-0TD) 9T TT9 129 (8'02) 666 0'0€>TNg > 0'ST
00T 6'9¢ 18€°1 (Z'9L) 999'¢ 0sT > INd
WO
0C «(Z'8-0S7) 65 LIL 97 LD o9 INg > 00¢
gel (v T-0LT) $0'T '6S osy (6'12) 8SL 00£>1INg > 05T
00T 99t 8TT'1 (€'9L) 9€9°C 0'sT > INg
usN
0661 U1
8¢ S6'S-T6D) LI'Y 8'89 148 oLt INg > 00¢
661 #(8L°TL0D) OV'T LS 099 (9°61) SST1°T 00¢ > TNT > 0'sT
001 6'S€E 0r9'1 WLL) 798y 05T > INdg
UIWIO M,
Lo +(0TSE'T) €9°C £v9 LT 60 v INg > 00¢
Lot #LET-0L'D 10T 009 Léb (6'L1) 678 00¢>INd > 0'ST
001 sy 908°1 (C18) TsL'e 0'sT > INg
AN
0861 Ul
(TeATayUY 90USPIUOD 94,66) (%)
(%) sontsuomodA [eio) oyel sppo pasalpy ERlic AT sose)) (oTeruoosod) (A
Suowre uorsuanradAy paonpur-AsaqQ uorsuaredAy siredonred Jo 1aquunn (INg) xepur ssewr Apog

0661 PUe 0861 Ul saarsuspadAy [ej01 Suoumwm

06 ‘08VLYVA NOJJIN :¥oput ssewr £poq pue xes £q psdnoxd

uotsualradAy poonpui-A1Isaqo i s[enpiaiput Jo uopodord pue ‘A)iseqo ur worsuepadAy Joy omel sppo ‘worsuosdAy JO 2ousfeAdrd T dJqelL

pringer

s

— 129 —



696

K. Nakamura et al.

a study, which measured the proportion of individuals with
hypertension due to the same BMI level as ours (BMI
25.0 kg/m?) among total hypertensives in a Western
country. Wilson et al. [27] reported that 26% of male hy-
pertensives and 28% of female hypertensives in a
population in the United States had hypertension which
was attributed to BMI > 25.0 kg/m2 in a 44-year follow-
up study from 1948. Consequently, the proportion of
individuals with hypertension due to BMI > 25.0 kg/m?
among total hypertensives in Japan should be lower than
the corresponding proportion in the United States.

The number of Japanese participants with 25.0 <
BMI < 30.0 kg/m? was approximately eight times greater
than that with BMI > 30.0 kg/m2 for both sexes in the
present study. Approximately 80-90% of the Japanese
participants with hypertension due to BMI > 25.0 kg/m?
were in the 25.0 < BMI < 30.0 kg/m? category for both
sexes. Japanese in the 25.0 < BMI < 30.0 kg/m? category
contributed more significantly to the high prevalence of
hypertension in Japan rather than Japanese with BMI

30.0 kg/m?. Therefore, in order to reduce the prevalence
of hypertension in Japan, more attention should be paid to
Japanese in the 25.0 < BMI < 30.0 kg/m? category who
account for the majority of the obese in the Japanese
population (BMI > 25.0 kg/m?) [35-38]. However,
according to Wilson’s study [27], in the United States,
approximately 60-70% of individuals with hypertension
due to BMI > 25.0 kg/m2 could be attributed to the
25.0 < BMI < 30.0 kg/m®> category, whereas approxi-
mately 30-40% could be attributed to the BMI > 30.0 kg/
m? category.

The prevalence of hypertension among Japanese has
remained unchanged from 1980 to 1990 (approximately
50% for men and 40% for women). However, the propor-
tion of individuals with obesity-induced hypertension
among total hypertensives in Japan increased, as the
prevalence of obesity among Japanese has increased. As
for the increased prevalence of obesity, it is notable that the
mean body weight remarkably increased between 1980 and
1990, although the mean body height also somewhat
increased. High sodium intake has been a more important
factor for hypertension in the Japanese population, com-
pared to Western populations [1-5]. Some previous studies
suggest the mean value of sodium intake in the Japanese
population has remained unchanged or slightly decreased
between 1980 and 1990this is lower than in the mid-1970s
or befor&[1-5, 39], although we could not confirm such a
trend by using this data because of lack of information on
sodium intake. Furthermore, high alcohol intake also has
been important among Japanese men, although the preva-
lence of drinkers among Japanese women is very low [2, 4,
6-8]. We confirmed the decreased prevalence of current
daily drinkers among men over the decade using this data

_@ Springer

(74.3% in 1980 and 57.7% in 1990). These findings pos-
sible imply that high sodium and alcohol intake play a less
important role in the high prevalence of hypertension in
Japan than it did before. Therefore, we propose that the
increased prevalence of obesity has compensated for
reduced sodium and alcohol intake with regards to the high
prevalence of hypertension in Japan. Moreover, we assume
that the pandemic of obesity in Japan may have affected
not only the prevalence of hypertension but also the
prevalence of other obesity-related cardiovascular risks
(e.g., type 2 diabetes) in Japan [29, 31, 40].

BMI is a widely used surrogate measurement of total
body fat {41]. Recently, obesity has been quantified not
only by BMI but also by other anthropometric parameters
(e.g., waist circumference, fat distribution). However, other
anthropomeltric parameters were not available in the pres-
ent study. Sakurai et al. [42] suggested that among four
anthropometric parameters of obesity (i.e., BMI, waist
circumference, waist-to-hip ratio, and waist-to-height
ratio), BMI has the strongest association with blood pres-
sure and the prevalence of hypertension for middle-aged
Japanese women. Additionally, there is little difference
among the four anthropometric parameters in the strength
of association with blood pressure or the prevalence of
hypertension for middle-aged Japanese men, although BMI
is ranked third among these four parameters [42]. There-
fore, our results for the proportion of individuals with
obesity-induced hypertension quantified by BMI among
total hypertensives in Japan are reasonable.

The present study has some limitations. First, our results
were estimated by using cross-sectional data in which
reverse causality is occasionally observed. For example,
the participants with obesity-induced hypertension may
have attempted to reduce their body weight prior to the
surveys, and this would results in a decreased prevalence of
obesity in the study population. However, blood pressure
levels also might have decreased after body weight
reduction among the participants with obesity-induced
hypertension [36—38]. Therefore, our results may show the
prevalence of obesity and hypertension in the study pop-
ulation on the basis of the well-established causality
between obesity and hypertension [26-32]. Finally, blood
pressure-related social factors (e.g., stress, irregular life-
style) and dietary factors (e.g., sodium intake, potassium
intake) were not available in the present study. Especially,
adjustment for sodium intake is significant to assess the
risk for hypertension among Japanese because of its
importance [1-5]. However, in addition to the trend of
unchanged or slightly decreased sodium intake among
Japanese between 1980 and 1990 [3-5, 39], Mikawa et al.
[13] observed there was little difference in the sodium/
potassium intake ratio between obese and non-obese Jap-
anese in 1985. Consequently, the lack of adjustment for '
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sodium intake perhaps may have little impact on the result
of increased proportion of hypertensives due to obesity
over the decade.

In conclusion, Japan has witnessed a progressive rise in
the proportion of individuals with obesity-induced hyper-
tension among total hypertensives between 1980 and 1990
in both sexes. Obesity now plays a more important role in
the high prevalence of hypertension in Japan than it did
before. In order to reduce the proportion of individuals with
obesity-induced hypertension among total hypertensives in
Japan, an appropriate strategy to encourage the population
to adopt healthy dietary habits and to increase their phys-
ical activity should be considered.
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Joint Impact of Smoking and Hypertension on
Cardiovascular Disease and All-Cause Mortality in
Japan: NIPPON DATAS80, a 19-Year Follow-Up
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Hypertension and smoking are major risk factors for death due to cardiovascular disease (CVD). These attri-
butions for CVD mortality should be higher in the countries where obesity-related conditions are uncom-
mon. However, the joint effect of these risk factors on CVD and all-cause mortality have not been described.
We followed a representative 8,912 Japanese men and women without a history of stroke and heart disease.
Participants were categorized into 4 groups as follows: a group of individuals who neither smoked nor had
hypertension (HT), a group of current smokers, a group with HT, and a group of current smokers with HT.
We further calculated population-attributable fractions (PAF) of CVD and all-cause mortality based on rela-
tive hazards assessed by proportional hazard regression models. After 19 years of follow-up, we observed
313 and 291 CVD and 948 and 766 all-cause deaths for men and women, respectively. The PAF of CVD mor-
tality due to smoking or HT were 35.1% for men and 22.1% for women. The PAF of CVD mortality was higher
in participants <60 years of age (57.4% for men and 40.7% for women) vs. those who were older (26.3% for
men and 18.1% for women). Aggressive attempts to discourage smoking and to curb HT could yield large
health benefits in Japan and throughout Asia, particularly for those aged <60 years. Efforts to warn about
the adverse consequence of HT and smoking during adolescence and youth could yield the greatest health
benefits, since positive behaviors adopted early are more easlly continued into middle adulthood and later
life. (Hypertens Res 2007; 30: 1169-1175)
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Introduction

Hypertension (HT) is one of the strongest risk factors for car-
diovascular disease (CVD) (I). Smoking is also an important
risk factor for CVD mortality (2). The prevalence of smoking
and HT in Japan (3, 4) and in other Asian countries is exces-
sive (5-9). Thus, the impact of HT and smoking on CVD
mortality should be high in Japanese and throughout Asia.

Although several studies have described the higher popula-
tion-attributable risk fraction (PAF) of CVD due to HT alone
or smoking alone in Japan (/0, /1) and in other Asian popula-
tions (8, 9), the numbers of CVD and all-cause deaths that
could jointly be explained by HT and smoking in Japan have
not been examined. Understanding the joint contribution of
HT and smoking to CVD could help guide Japan and other
Asian countries in formulating programs that warn of the
adverse consequences of these risk factors, particularly in
areas where obesity-related conditions are relatively uncom-
mon (12).

In addition, since previous studies have suggested that the
relative risk of smoking alone or HT alone on CVD mortality
is stronger in younger than in older individuals (10, 11), the
combined impact of HT and smoking on CVD and all-cause
mortality might also differ by age group.

Therefore, to describe the amount of CVD and all-cause
mortality that could be explained by current smoking and HT
in Japan, we calculated the age-specific joint impact of smok-
ing and HT on CVD and all-cause mortality using a represen-
tative national survey with a high follow-up rate.

Methods

Study Participants

The subjects of this cohort study participated in the National
Cardiovascular Survey of 1980. The standardized procedures
used in that survey have been described elsewhere (13). All
household members 230 years of age were surveyed in 300
census tracts that were randomly selected throughout Japan.
The number of individuals selected was 13,771. Among
these, 10,546 individuals had completed baseline information
regarding age, gender, and blood pressure (BP). The sample
comprised the National Integrated Project for Prospective
Observation of Noncommunicable Disease and Its Trends in
the Aged (NIPPON DATAS80) (4, 13-15). Thus, 76.6% of the
overall population was available for analysis. From this sam-
ple, we excluded participants with a history of stroke
(N=117), coronary heart disease (N=163) or other heart dis-
cases (N=475). An additional 32 were excluded who lacked
data on BP, glucose, cholesterol, and smoking and drinking
habits. There were 847 participants who were excluded
because they had missing residential information and mortal-
ity follow-up. The final sample thus included 8,912 partici-
pants (3,963 men and 4,949 women). Compared to those not

excluded (N=8,912), the excluded group due to loss to fol-
low-up was younger (self-reported age: 46.3 years vs. 49.6
years) and less likely to smoke cigarettes (33% vs. 39%).
These differences, however, appeared to be modest. There
were no differences with respect to gender (women com-
prised 56% of both groups) or age-adjusted BP.

Data Collection

The baseline survey included medical examinations, BP mea-
surements, blood tests, and a self-administered questionnaire
about lifestyle. Trained staff at local health centers in the
respective districts performed the examinations in community
centers. A history of heart disease, stroke and diabetes, as
well as smoking and drinking habits was obtained from the
questionnaire. Height and weight were measured with the
subjects wearing light clothing and no shoes. The subjects
were asked to note whether they were current smokers, had
quit smoking, or had never smoked, and smokers were asked
to note the number of cigarettes smoked each day. We treated
ex-smokers and those who had never smoked as nonsmokers
in this study. Single measurements of systolic and diastolic
BP (SBP and DBP) were obtained after a 5 min rest by trained
public health nurses at each public health center using a stan-
dard mercury sphygmomanometer. HT was defined as an
SBP 2140 mmHg, a DBP 290 mmHg, or the current use of
antihypertensive medication (/). Non-fasting blood samples
were collected. The precision and accuracy of the assay for
measuring serum total cholesterol (TC) were certified by the
Lipid Standardization Program administered by the Centers
for Disease Control and Prevention, Atlanta, USA (/6). Dia-
betes was defined as a serum glucose value 2200 mg/dL or a
self-reported history of diabetes. For alcohol consumption,
subjects were asked whether they were never drinkers, past
drinkers, occasional drinkers, or regularly drinkers on a daily
basis.

Follow-Up Survey

NIPPON DATAS80 has completed follow-up surveys until
1999. The underlying causes of death were coded for the Jap-
anese National Vital Statistics according to the 9th Interna-
tional Classification of Disease (ICD-9) until the end of 1994
and according to the 10th International Classification of Dis-
ease (ICD-10) from the beginning of 1995. Details of the clas-
sification used in the present study have been described
elsewhere (13). Permission to use the National Vital Statistics
was obtained from the Management and Coordination
Agency of the Government of Japan. Approval for this study
was obtained from the Institutional Review Board of Shiga
University of Medical Science (No. 12-18, 2000).

Statistical Analysis

To examine the association of the combined effects of smok-
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Table 1. Baseline Characteristics According to the Combination of Blood Pressure and Smoking Status: NIPPON DATAS0,

1980, Japan
Younger (age <60 years) Older (age 260 years)
Characteristics Normotensive Hypertensive Normotensive Hypertensive
Non- Current Non-  Current : " Non- Current Non- Current value*
smoker smoker smoker smoker p-value smoker smoker smoker smoker pvatue
Men
N 580 1,178 450 829 90 161 320 355
Age 42,6 42.2 46.7 472  <0.01 68.9 67.5 69.9 68.1 <0.01
BMI (kg/m?) 22.6 221 23.7 232 <0.01 214 20.9 22.5 21.6 <0.01
Diabetes (%) 4 4 6 8 <0.01 8 11 9 15 0.054
Total cholesterol (mg/dL) 186.8 183.3 196.7 1885 <0.01 1843 1765 187.0 1806 <0.01
Drinking status
Never (%) 24 19 19 12 <001 33 34 26 22 <0.01
Past (%) 5 4 3 3 16 7 i1 8
Occasional (%) 36 29 30 22 27 19 20 17
Daily (%) 35 48 48 63 24 40 43 52
Women
N 2,403 216 1,060 92 312 41 741 84
Age 42.3 42.1 494 48.8 <0.01 67.4 67.1 69.1 69.1 <0.01
BMI (kg/m?) 223 219 24.1 240 <0.01 21.8 21.7 234 22,1 <001
Diabetes (%) 1 1 6 4 <001 10 10 8 8 0.92
Total cholesterol (mg/dL) 182.5 185.6 195.8 199.7 - <0.01 199.6  190.6 2024 1976 <001
Drinking status
Never (%) 79 46 84 48  <0.01 81 71 84 67 <0.01
Past (%) 1 5 1 3 1 5 2 5
Occasional (%) 19 36 13 35 15 15 10 19
Daily (%) 2 13 2 14 2 10 4 10

N, number of participants; BMI, body mass index; non-smoker, never smoked and ex-smoker. *Test by analysis of variance for continu-

ous variable and #* test for categorical variables.

ing and HT on mortality, participants were categorized as: 1)
neither smokers nor HT, 2) smokers only, 3) HT only, and 4)
smoker with HT. We compared basic characteristics among
the four groups using means for continuous variables and per-
centages for dichotomous variables. We separately analyzed
men and women and those <60 years and 260 years of age.
We estimated the multivariate adjusted relative hazards (RH)
and the 95% confidence intervals (95% CI) for the effect of
the combination of smoking and HT on CVD and on all-cause
mortality using Cox proportional hazard models. We treated
those who were neither smokers nor HT as a reference group.
The multivariate adjusted model included the following pos-
sible confounding factors: age, body mass index, diabetes,
TC, and alcohol consumption category (never, past, occa-
sional, and daily). We also calculated the PAF of CVD and
all-cause mottality due to the combination of smoking and
HT using methods described elsewhere (/7). The PAF was
also recalculated for comparison with other Japanese studies
4, 10).

Results

Baseline Characteristics

The mean agetSD was 50.0+13.0 years for men and
50.2£13.1 years for women. The prevalence of HT was
49.3% for men and 40.0% for women. The prevalence of cur-
rent smoking was 63.7% for men and 8.8% for women. Table
1 shows the baseline characteristics according for each of the
four smoking and HT groups. For both men and women, the
hypertensive groups were older, more obese, more likely to
have diabetes, more likely to have higher TC levels, and more
likely to consume alcohol on a daily basis than the normoten-
sive groups. The differences were statistically significant.
Male current smokers were Ieaner, had lower TC levels, and
were more likely to consume alcohol on a daily basis than
male nonsmokers. Female current smokers were more likely
to consume alcohol and to have a lower body mass index than
female nonsmokers. No other differences in risk factors were
found to be significant.
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Follow-Up Data

There were 67,412 and 87,355 person-years of follow-up in
men and women, respectively (up to 19 years per person).
During this time, a total of 948 men and 766 women died, and
313 and 291 of these deaths were due to CVD, respectively.

In this study, we combined never smokers and ex-smokers
into one category because of the small number of ex-smokers.
In addition, the risk factor-adjusted RH for deaths due to
CVD for ex-smokers vs. never smokers was nearly one
(RH=1.09 for men and RH=1.18 for women). This was also
true for all-cause deaths (RH=1.14 for men and RH=1,18 for
women),

Since CVD mortality in smokers with HT was higher in
those <60 years of age than in those 260 years (p for interac-
tion: <0.01 for men and 0.03 for women), we analyzed these
groups separately. Table 2 further shows that the age-strati-
fied joint impact of smoking and HT on CVD mortality was
stronger in participants <60 years old vs. participants who
were older.

For younger men, the risk factor-adjusted RH for CVD
mortality was significantly higher in smokers with HT vs. the
reference value (RH=3.86; 95% CI: 1.62-9.19). This value
tended to be higher, but not significantly so, in the smoking
only (RH=1.58; 95% CI: 0.63-3.97) and HT only
(RH=1.96; 95% CI: 0.73-5.22) groups. Compared to the ref-
erence group, the risk factor-adjusted RH for CVD mortality
among younger women was significantly higher in smokers
with HT (RH=5.88; 95% CI: 2.07-16.72) and participants
with HT only (RH=2.19; 95% CI: 1.13-4.22). The PAFs of
CVD mortality in the smoking only, HT only, and smoking
with HT groups were 7.8%, 7.1%, and 42.4%, respectively.
Smoking and HT accounted for 57.4% of CVD deaths among
younger men. Smoking and HT also accounted for 40.7% of
CVD deaths among younger women. These proportions were
higher than those observed in older participants (26.3% in
men and 16.6% in women). However, the number of excess
CVD deaths due to smoking and HT among men were similar
between the younger and older subgroups (51.1 for younger
and 58.9 for older male participants). In contrast, the excess
deaths due to CVD among young women was half that in
those who were older (21.2 for younger and 43.2 for older
female participants). The overall sum of excess CVD deaths
(PAF) due to smoking and HT was 110.0 (35.1%) for men
and 64.4 (22.1%) for women.

Similar to the CVD findings, the risk factor-adjusted RH
for all-cause mortality was higher in the smoking only, HT
only, and smoking plus HT groups than in the group with nei-
ther factor. The PAFs of all-cause mortality due to smoking
combined with HT were 28.6% for younger men, 24.6% for
older men, 7.3% for younger women, and 18.4% for older
women. The sum of the excess of all-cause deaths (PAF) due
to smoking and HT were 247.0 (26.1%) for men and 118.1
(15.4%) for women,
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Discussion

Evidence suggests that smoking and HT account for a large
proportion of CVD and all-cause mortality in Japan. In the
present report, although the number of excess CVD deaths
due to smoking and HT were similar between younger and
older men, the PAF was more than double in those who were
younger. The number of excess deaths due to CVD among
young women was half the number among older women.
Because of the exceptionally high RHs, the PAF was also
more than doubled in those who were younger. These find-
ings confirm the importance of discouraging smoking and
eliminating HT. They further suggest that aggressive attempts
to warn about the adverse consequences of smoking and HT
at an early age could yield significant health benefits in Japan,
particular for those <60 years. Similar findings may also
apply to other Asian countries where smoking and HT are
highly prevalent.

It is well known that smoking has an important effect on
CVD and all cause mortality in Japan (4, 70). The NIPPON
DATAB0 (4) showed that the PAF of CVD mortality due to
smoking was 27.5% for men and 5.0% for women, while the
PAF for all-cause mortality was 15.0% for men and 4.0% for
women. These values were similar to those of Iso et al. (10),
who found that 23.5% and 6.0% of CVD mortality could be
explained by smoking status. Other Japanese studies have
also reported similar values for the PAF for all-cause mortal-
ity (/8-20) due to smoking (range of PAF: 22-34% for men
and 0-5% for women), and other Asian studies have yielded
PAFs that are comparable to those in Japan (8).

Similarly, HT is also a potent CVD risk factor 9, 11, 13,
21). However, few studies have described the PAF of CVD
deaths due to HT defined as an SBP > 140 mmHg, a DBP 290
mmHg, or the current use of antihypertensive medication in
Japan (9). A few studies have described the PAF for CVD
death due to non-optimat BP (SBP 2120 mmHg or DBP 280
mmHg or current use of antihypertensive medication) (17,
14). These studies found that the PAF of non-optimal BP was
very high. Thus, both HT and smoking definitely contribute
to a large proportion of CVD or all-cause deaths. These find-
ings should be applied to other Asian populations, most of
which have a high prevalence of smoking and HT and few
obesity-related CVD risk factors, such as diabetes or hyper-
cholesterolemia (4-6). In fact, a recent study has reported that
a large fraction of CVD was attributable to HT (9).

However, the joint impact of smoking and HT on CVD and
all-cause mortality is relatively unknown. Since Rothman
described that the sum of disease attributable to various
causes in reality has no upper limit (22), simple addition of
these PAFs might not express the true contributions of the
tisk factors. Thus, it makes sense that the PAF should be cal-
culated using a combination of smoking and HT when trying
to determine their joint impact.

We found that the PAF for CVD mortality was higher in
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younger than in older populations. This is consistent with pre-
vious findings. Iso et al. reported that excess CVD mortality
associated with cigarette smoking is more evident in middle-
age (40-64 years of age) than in the elderly (65-79 years)
(10). Sairenchi et al. also reported that the PAF for CVD mor-
tality due to non-optimal BP is higher in younger than in eld-
erly persons (/1). Although we could not conclude why the
PAF for CVD mortality was higher in the younger than in the
older population in the present work, this difference might be
partly explained by an age-related increase in the risk for
CVD in nonsmoking elderly individuals without HT; the
crude CVD mortality rate in nonsmoking elderly participants
without HT was more than 20 times as large as that in non-
smoking younger persons without HT. The PAF is defined by
both RH and the prevalence. Since the prevalence of HT was
greater in older than in younger participants, the difference in
the PAF for CVD mortality between younger and older par-
ticipants observed in our study could be explained by the
higher RH in the younger participants. Thus, earlier interven-
tion to discourage smoking and warn against the hazard of HT
should have a greater benefit in those who are young, with
continued carry-over into later life. Similar interventions in
the elderly are also important, because the number of excess
CVD deaths due to smoking and HT were higher among those
aged 60 or older vs. those who were younger.

The strength of our study was the use of a representative
population with a high response rate and long follow-up
period. Thus, our results could be applicable to the entire Jap-
anese population. The study also has several limitations that
should be considered. First, these data were based on partici-
pants who lived 25 years ago. Since Japanese lifestyles have
recently undergone dramatic changes, it may be that these
data are less applicable today. However, the 2003 National
Health and Nutrition Survey in Japan showed that the preva-
lence of current smoking among younger men (30-59 years)
has remained high (54.4-56.8%) and that the prevalence is
increasing among younger women (10.7-18.1%). These val-
ues were also rather high when compared with the sample in
the present study (23). The prevalence of HT remained simi-
larly high in the 2003 survey (10.1% for the age group of 30—
39 years, 30.8% for 4049 years, 36.4% for 50-59 years,
52.4% for 6069 years and 57.5% for those aged 270 years,
with men and women combined) (23). Thus, the prevalence
of both smoking and HT continues to be a major public health
problem, and developing intervention strategies to warn of
the adverse health consequence of smoking and HT should be
a top priority. Secondly, we defined HT as an SBP =140
mmHg, a DBP 290 mmHg, or the current use of antihyper-
tensive medications. Therefore, our results might underesti-
mate the true PAF due to HT compared with other studies that
used optimal BP levels (SBP <120 mmHg and DBP <80
mmHg) as a reference. Furthermore, since we obtained only
single BP values for each participant, some measurement
error may have occurred. Such error could have resulted in
conservative findings. Finally, we combined never and ex-

smokers into one category because of the small number of
deaths that were observed in the ex-smoker group, particu-
larly among those who were young. Although combining
never and ex-smokers into a single group could have resulted
in an underestimation of the impact of smoking on our PAFs,
this may not have been the case in this instance because, after
adjusting for risk factors, the rate of all-cause and CVD mor-
tality were nearly identical in never and ex-smokers.

In conclusion, our results suggest that eliminating two
major CVD risk factors, namely, smoking and HT, would pre-
vent 35% of CVD deaths in men and 22% of CVD deaths in
women. Moreover, eliminating these factors would prevent
26% of all-cause deaths in men and 15% of all cause deaths in
women. Intervention programs that discourage smoking and
warn of the adverse consequences of HT in adolescence
might eventually yield the greatest health benefits for men
and women <60 years of age, since the increased capacity for
healthy behaviors would be carried over into later life. It
seems likely that the benefits from initial intervention pro-
grams as early in life as possible will increase longevity, not
just in Japan, but throughout Asia.
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Is weak association between cigarette
smoking and cardiovascular disease
mortality observed in Japan explained

by low total cholesterol?—NIPPON DATAS80
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An international comparison has indicated that the association between smoking
and cardiovascular disease (CVD) differs according to total cholesterol (TC)
levels. However, little has been published about the relationship between
smoking and CVD mortality among populations with various cholesterol levels.

We calculated the adjusted relative hazard (RH) of smoking for CVD mortality
among 8912 Japanese individuals without a history of stroke or heart disease, who
were separated according to TC levels of >5.40, 4.81-5.39, 4.26-4.80 and
<4.25mmol/l into groups Q4, Q3, Q2 and Ql, respectively. The P-values for
multiple interactions between TC and smoking status for CVD mortality were
calculated using TC as a continuous variable, dichotomized smoking status (never
vs current), and by including cross-product terms in the regression models.

After 19 years of follow-up, 313 men and 291 women died of CVD. The RH of
CVD mortality among men who currently smoked compared with those who
never smoked was increased with higher TC (RH=2.36 in Q4) and decreased in
those with lower TC (RH=0.85 in Q1) (interaction, P < 0.01). The profiles for
coronary heart disease (CHD) mortality and ischaemic CVD (composite endpoint
of CHD and ischaemic stroke) in men and for ischaemic CVD mortality in
women were identical. The interaction might be explained by a biological
mechanism and by frailty of those who have never smoked with lower TC.

Counteractive measures should be implemented against smoking targeted
towards Japanese with elevated TC levels.

Cigarette smokjng,' total cholesterol, cardiovascular diseases, interaction,
prospective studies, Japan
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Cigarette smoking is a known risk factor for both coronary
heart disease (CHD) and stroke.! However, although the rate of
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cigarette smoking is high among Japanese men, mortality from
ischaemic heart disease is strikingly lower than that in the
USA.*? Smoking is thus considered a weaker CHD risk factor in
Japan than in Western countries.** However, cigarette smoking
is closely related to CHD among Japanese immigrants living in
Hawaii.* Thus, the between-population difference in CHD
might be explained not by ethnicity but by environmental
factors. Similar to Japan, the Seven Countries Study showed
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