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Abstract

No study has shown a positive relationship between hypercholesterolemia and all-cause mortality in the Japanese population. Therefore, a
cohort study of 17.3 years’ duration was conducted on 9216 participants aged 30 years or older, selected randomly from throughout Japan.
In both the Jowest (<4.14 mmol/L, 160 mg/dl) and highest (>6.71 mmol/L., 260 mg/dl) total cholesterol (TC) groups, there was a positive
association between TC and risk of all-cause mortality (hazard ratio (HR) 1.19; 95% confidence interval (CI), 1.03-1.37 and 1.36 (95% CI,
1.05-1.77), respectively). The lowest TC group had an increased risk of liver disease (HR 3.03; 95% CI, 1.70-5.43), whereas the highest TC
group had an increased risk of coronary heart disease (HR 3.81; 95% CI, 1.70-5.43). After exclusion of deaths due to liver disease during
the entire follow-up period and all-cause deaths within the first 5 years of follow-up, the increased HR in the lowest TC group disappeared
(HR 1.05; 95% CI, 0.89-1.24). Although the cut-off point seemed to be higher than that for Western populations, hypercholesterolemia was
shown to be positively associated with all-cause mortality in Japan.
© 2006 Elsevier Ireland Ltd. All rights reserved.
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1. Introduction

The causal relationship between high levels of serum total
cholesterol (TC) and coronary heart disease is well estab-
lished. Several studies in Western populations have shown
clearly that a high cholesterol concentration contributes to an
increased risk of all-cause mortality [1-4]. However, to our
knowledge, a positive relationship between high serum levels
of TC and all-cause mortality has not been reported in Asian
populations [5~8].

Recent prospective studies in Japan have shown, how-
ever, that low serum TC is a predictive marker for deaths
due to liver cancer in community residents [8] and for
liver cancer in blood donor who are positive for antibod-
ies to the hepatitis C virus [9]. Accordingly, the relation-
ship between TC and all-cause mortality may be affected
by liver diseases in the Japanese population, which is
known to have a higher mortality from chronic liver dis-
eases and liver cancer compared with Western populations
[10].

Therefore, our a priori hypothesis was that serum TC may
be associated positively with all-cause mortality in Japanese
residents, but that this relationship may be modified by mor-
tality from liver disease. In order to investigate the validity
of this hypothesis, we carried out a 17.3-year cohort study to
investigate the relationship between serum TC and all-cause
and/or liver disease mortality.

2. Methods
2.1. Populations

A total of 10,546 community dwellers (4640 men and
5906 women), aged 30 years and over, from 300 districts
participated in the National Cardiovascular Survey in 1980.
These districts were randomly selected throughout Japan to
avoid regional bias. In other words, this survey covered all
47 prefectures of Japan according to census population in
1980.

These participants were followed until 1999. As the over-
all population aged >30 in the surveyed districts numbered
13,771, the number of participants was 10,546 (participa-
tion rate) 76.6%). The present study extended the follow-up
period of NIPPON DATAS80 (National Integrated Project for
Prospective Observation of Non-communicable Disease and
Its Trends in the Aged, 1980), the details of which have been
reported previously [8,11-16]. Of the 10,546 participants,
a total of 1330 were excluded for the following reasons:
past history of coronary heart disease or stroke (1 =280),
missing information at the baseline survey (n=180), and
lost to follow-up (n=870). We then analyzed the data
from the remaining 9216 participants (4035 men and 5181
women), There was no significant difference in the mean TC
between the participants lost to follow-up and those in the
study.

2.2. Endpoint determination

Asreported previously, [8,11-16] we confirmed those par-
ticipants who had died in each area by computer matching of
data from the National Vital Statistics, using the area, gen-
der, date of birth and death as key codes. In order to clarify
the cause of death, we used the National Vital Statistics. In
Japan, 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 residency. The
underlying cause of death for the National Vital Statistics
was coded according to the Ninth International Classifica-
tion of Disease (ICD-9) until the end of 1994 and from the
beginning of 1995 by the 10th International Classification of
Disease (ICD-10) by specialists for coding in the Ministry
of Health and Welfare. In our analyses, liver cancer (ICD-9
code: 155, 199.1; ICD-10 code: C22) and non-cancer liver
disease (ICD-9 code: 70, 570-573; ICD-10 code: B15-B19,
K70-K77) were combined into a single category (death due
to liver disease).

Permission to use the National Vital Statistics was
obtained from the Management and Coordination Agency,
Japan. Approval for this study was obtained from the Institu-
tional Review Board of Shiga University of Medical Science
(Nos. 12~18, 2000).

2.3. Baseline examination

Non-fasting blood samples were drawn and centrifuged
within 60 min of collection. Serum total cholesterol and albu-
min were analyzed using an auto analyzer (SMA12/60; Tech-
nicon, Tarrytown, USA) at one central laboratory (Present
name: Osaka Medical Center for Health Science and Promo-
tion). Since April 1975, the precision and accuracy of the
cholesterol measurements in the laboratory have been cer-
tified by the CDC-NHLBI Lipid Standardization Program
of the Center for Disease Control and Prevention (CDC),
Atlanta, Georgia [[7].

Baseline blood pressures were measured on the right arm
of seated participants by trained observers using a standard
mercury sphygmomanometer. Hypertension was defined as a
systolic blood pressure >140 mmHg, a diastolic blood pres-
sure >90 mmHg, the use of antihypertensive agents, or any
combination of these findings. Serum glucose was measured
by the cupric-neocuproine method. Diabetes was defined as
anon-fasting serum glucose >11.1 mmol/L, a history of dia-
betes, or both. Height in stocking feet and weight in light
clothing were measured. Public health nurses obtained infor-
mation on smoking, drinking and medical history.

2.4. Statistical analysis

We set the cut-off points for serum TC based on the com-
bination of clinical criteria. First, we defined 4.14 mmol/L
(160 mg/dl), 5.18 mmol/L (200mg/dl) and 6.21 mmol/L
(240 mg/dl) of serum TC as cut-off points according to the
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adult treatment panel 111 [18] and international conference of
low blood cholesterol [4]. The Japan Atherosclerotic Asso-
ciation also defined 5.69 mmol/L (220 mg/dl) or greater as
a threshold criterion for hypercholesterolemia; [19] on the
other hand, the manual of Health and Medical Service Law
in Japan recommends medication for hypercholesterolemia
when serum TC is 6.71 mmol/L (260 mg/dl) or greater [20].
Finally, we added “4.66 mmol/L (180 mg/dl)” as an addi-
tional cut-off point because there was a large number of
participants with TC levels between 4.14 and 5.17 mmol/L.
Consequently, the relationship between serum TC and
mortality was determined in the following seven groups
with 0.51 mmol/L. (20 mg/dl) increments: <4.14 mmol/L
(<160 mg/dl), 4.14-4.65 (160-179), 4.66-5.17 (180~199),
5.18-5.68 (200-219), 5.69-6.20 (220-240), 6.21-6.70
(240-259) and >6.71 mmol/L. (=260). We used the partic-
ipants with TC levels between 4.14 and 4.65 mmol/L as a
reference group because this was the largest of the seven
TC groups. We also used quintiles of serum TC to group
the participants (<4.16, 4.16-4.59, 4.60-5.03, 5.04-5.60,
>5.61 mmol/L).

Age-adjusted mean values and the prevalence of baseline
characteristics were estimated using analysis of covariance
or the chi-square test. The multivariable adjusted hazard
ratio (HR) for all-cause or cause-specific mortality was cal-
culated using a Cox’s proportional hazards model adjusted
for age, serum albumin, body mass index, hypertension, dia-

Table |

betes, cigarette smoking and alcohol intake. We used three
dummy variables to classify subjects based on their smok-
ing habit (never-smoked; ex-smoker; current smoker <20
and >20 cigarettes/day, with never-smoked being defined as
the reference group) and their alcohol intake (never-drank;
ex-drinker; occasional drinker and daily drinker, with never-
drank being defined as the reference group). Gender-specific
analyses were also carried out.

The analyses were repeated excluding all-cause deaths
within the first 5 years of follow-up and/or deaths due to
liver disease during the entire follow-up period.

All confidence intervals were estimated at the 95% level
and significance was assumed at a P-value of <0.05. The
Statistical Package for the Social Sciences (SPSS Japan Inc.
version 13.0J, Tokyo, Japan) was used for all the analyses.

3. Results

The mean age in our entire study population was
50.0+13.2 years (mean£S.D.), 49.7413.1 years in
men and 50.1413.3 years in women. The mean serum
TC was 4.88 £0.87 mmol/L (188.6+=33.6mg/dl), 4.81 &
0.85mmol/l. (186.0+£32.9mg/dl) in men and 4934
0.88 mmol/L (190.7 = 34.0 mg/dl) in women.

Table 1 shows the age-adjusted means and prevalence of
the baseline characteristics of all the participants in each

Age and age-adjusted mean value and prevalences of baseline characteristics stratified by cholesterol level at the baseline survey in 1980, NIPPON DATA80

Risk characteristics Baseline serum total cholesterol level (mmol/L) P-values®
<414 4.14-4.65 4.66-5.17 5.18-5.68 5.69-6.20 6.21-6.70 6.71-
Men
TC, stratum mean 3.74 4.39 491 541 5.90 6.41 7.30
(mmol/L)
No. of persons 851 1000 937 648 354 167 78
Age (years) 51.0(14.0) 50.0(13.4) 49.3 (13.1) 48.8 (12.6) 48.9(11.8) 50.2 (12.2) 49.3(11.0)  <0.001
Albumin (g/L) 43.0(0.10) 44.1 (0.09) 44.4 (0.09) 45.0(0.10) 45.4 (0.13) 45.6 (0.22) 45.7(0.31) <0.001
BMI (kg/m?) 21.7 (0.13) 22.0(0.09) 22.6(0.09)  232(0.11)  23.5(0.14)  23.9(021)  24.1(029)  0.030
Hypertension (%) 44.9 46.3 50.3 50.3 55.4 57.5 62.8 <0.001
Diabetes (%) 1.2 0.8 1.2 1.7 1.2 0.6 2.6 0.603
Daily drinker (%) 46.7 49.5 48.9 494 48.3 36.5 50 0.081
Current smoker (%) 66.9 66.4 63.9 56.3 59.3 57.5 53.8 <0.001
Heavy smoker (>20 21.2 24.6 25.1 233 30.5 29.3 28.2 0.017
cigarettes day ') (%)
‘Women
TC, stratum mean 3.78 4.40 491 5.40 591 6.40 7.20
(mmol/L)
No. of persons 952 1183 1142 925 528 275 176
Age (years) 44.7(12.9) 47.3 (13.0) 50.6 (12.8) 53.1(12.9) 54.8 (12.0) 56.3 (11.5) 56.9(11.6)  <0.001
Albumin (g/L) 43.1 (0.08) 43.3(0.07) 43.6 (0.07) 43.9(0.08) 44.0 (0.10) 44.0(0.17) 443(0.19)  <0.001
BMI (kg/m?) 22.1(0.10) 22.4(0.10) 22.8 (0.10) 232(0.11) 23.6 (0.15) 23.8 (0.20) 24.4(0.30)  <0.00t
Hypertension (%) 27.0 327 375 46.8 54.0 56.4 58.5 <0.001
Diabetes (%) 0.2 0.6 0.6 12 L5 2.2 34 <0.001
Daily drinker (%) 32 2.6 3.0 2.7 32 1.8 2.8 0.920
Current smoker (%) 7.9 7.9 10.1 9.2 11.0 5.5 9.1 0.068
Heavy smoker (>20 0.7 0.3 0.8 0.6 1.5 0.7 0.6 0.291

cigarettes day~!) (%)

2 Analysis of covariance for continuous variables, chi-square test for categorical variables. The null hypothesis is that each mean or prevalence among all TC
categories was equal. Numbers in parentheses are standard deviations for age and standard errors for other variables.
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cholesterol category. The mean age in each TC group was
similar in men although analysis of covariance showed statis-
tical significance. For women, there was a trend of increasing
age with increasing cholesterol levels. There were significant
differences in the mean values for albumin and BMI, with
these being greatest in the higher cholesterol group in both
genders. There were also significant differences in the preva-
lence of hypertension in both genders and in the prevalence
of diabetes in women. In men, the highest TC group had the
highest prevalence of diabetes and current drinker; however,
they did not reach statistical significance by chi-square test
because of small sample size of the highest TC group. The
lowest TC group had the highest prevalence of smoking in
men.

The total person-years studied were 159,293 with a mean
follow-up period of 17.3 years. During the follow-up period
there were 1841 deaths (992 males and 849 females). Of
these, 36% (N =666) were due to cardiovascular disease that
included 128 coronary heart disease deaths and 306 stroke
deaths (intra-cerebral hemorrhage, n=65; cerebral infarc-
tion, n=174; others, n=67).

Among the total deaths, 30% (n = 558) were due to cancer.
The three major causes of cancer death were stomach cancer
(n=131), lung cancer (n=107) and liver cancer (n=50), a
total that represented 52% of deaths due to cancer. Of all the

Table 2

deaths, 34% (n=617) were due to non-cardiovascular or non-
cancer diseases. There were 35 deaths due to non-cancer liver
disease (liver cirrhosis, n=26), which represented approxi-
mately 5% of all-cause deaths when deaths due to liver cancer
were included (12 =85).

Table 2 shows the number of deaths and multivariable-
adjusted HR for the major causes of death except for car-
diovascular disease according to TC stratification. Mortality
from cancer was not associated with TC levels in either gen-
der although it was highest in the lowest TC group. The
mortality from non-cancer or non-cardiovascular disease was
also not associated with the TC level. We found there was
a positive association between the lowest TC group and
increased risk for all-cause mortality inmen (HR = 1.21 (95%
CI, 1.01-1.45), women (HR = 1.26; 95% CI, 0.99-1.60) and
in the combined data from both genders (HR=1.19; 95%
CI, 1.03-1.37). The highest TC group also had an increased
risk for all-cause mortality in men (HR=1.44; 95% CI,
0.90-2.31), women (HR =1.24; 95% CI, 0.90-1.71) and in
the combined data from both genders (HR =1.36; 95% CI,
1.05-1.77).

Table 3 shows the number of deaths and multivariable-
adjusted HRs for cardiovascular and liver disease. Mortality
from cardiovascular disease was the highest in the highest
TC group in both genders, with significantly higher HR in

The number of deaths and multivariable-adjusted HRs (95% Cls) for cancer, non-cardiovascular, non-cancer and all-cause mortality; according to serum total

cholesterol level in a 17.3-year follow-up study, NIPPON DATA80

Baseline serum total No. of Person-years  Cancer Non-cardiovascular, All-cause

cholesterol level (stratum persons non-cancer

mean). mmol/L No.of  HR (95% CI) No.of  HR (95% CI) No.of  HR (95% CI)

deaths deaths deaths

Men
<4.14 (3.74) 851 13768 92 1.22 (0.90, 1.64) 90 1.28 (0.94, 1.74) 259 1.21 (1.01, 1.45)
4.14-4.65 (4.39) 1000 17000 84 1.00 78 1.00 241 1.00
4.66-5.17 (4.91) 937 16057 74 1.08 (0.79, 1 .47) 75 1.26 (0.92, 1.74) 223 1.18 (0.98, 1.42)
5.18-5.68 (5.41) 648 11113 44 1.01 (0.67, 1.46) 44 1.32 (0.90, 1.93) 140 1.25 (1.01, 1.55)
5.69-6.20 (5.90) 354 6192 22 0.88 (0.54, 1.41) 26 1.21(0.77, 1.89) 76 1.08 (0.83, 1.41)
6.21-6.70 (6.41) 167 2872 13 1.12 (0.62,2.03) 5 0.49 (0.20, 1.21) 34 1.02 (0.71, 1.47)
6.71-(7.30) 78 1363 6 1.20 (0.52, 2.76) 6 1.57 (0.67, 3.64) 19 1.44 (0.90,2.31)

Wonten
<4.14 (3.78) 952 16784 34 1.19 (0.76, 1.86) 42 1.34 (0.89, 2.00) 118 1.26 (0.99, 1.60)
4.14-4.65 (4.40) 1183 21011 47 1.00 56 1.00 165 1.00
4.66-5.17 (4.91) 1142 20011 53 0.96 (0.64, 1.43) 62 1.02 (0.71, 1.47) 185 0.98(0.79, 1.21)
5.18-5.68 (5.40) 925 16155 46 0.88 (0.58, 1.33) 61 1.00 (0.69, 1.45) 171 0.92 (0.74, 1.21)
5.69-6.20 (5.91) 528 9252 23 0.68 (0.41, 1.14) 36 0.92 (0.60, 1.41) 106 0.92(0.74, 1.14)
6.21-6.70 (6.40) 275 4751 10 0.58 (0.29, 1.16) 23 1.19 (0.73, 1.95) 54 0.88 (0.68, 1.12)
6.71—(7.20) 176 2960 10 0.88 (0.44, 1.77) 13 1.01 (0.55, 1.88) 50 1.24 (0.90, 1.71)

Men and women combined
<4.14 (3.76) 1803 30552 126 1.21 (0.95, 1.55) 132 1.26 (0.99, 1.61) 377 1.19 (1.03, 1.37)
4.14-4.65 (4.39) 2183 38011 131 1.00 134 1.00 406 1.00
4.66-5.17 (4.91) 2079 36068 127 1.03 (0.80, 1.31) 137 1.16 (0.91, 1.48) 408 1.09 (0.95, 1.26)
5.18-5.68 (5.40) 1573 27268 90 0.96 (0.73, 1.26) 105 1.15 (0.89, 1.50) 311 1.07 (0.92, 1.25)
5.69-6.20 (5.91) 882 15444 45 0.78 (0.55, 1.10) 62 1.05 (0.77, 1.43) 182 0.98 (0.82, 1.17)
6.21-6.70 (6.40) 442 7623 23 0.89(0.52,1.27) 28 0.97 (0.64, 1.47) 88 0.96 (0.76, 1.22)
6.71-(7.23) 254 4325 16 1.01 (0.60, 1.72) 19 1.19 (0.73, 1.95) 69 1.36 (1.05, 1.77)

HR, hazard ratio: 95% CI. 95% confidence interval. HR was adjusted for age, serum albumin, body mass index, hypertension. diabetes. cigarette smoking
category and alcohol intake category. Gender was also adjusted while a sex-combined analysis was performed.
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women and when the gender data were combined. The mor-
tality for coronary heart disease suggested a positive graded
relationship with TC when the gender data were combined.
For men, the HR in the second highest TC group was 3.74
(95% CI, 1.44-9.76), while the HR in the highest TC group
was 3.77 (95% CI, 1.02-13.9). For women, aithough a graded
relationship was not observed, the highest TC group had a sig-
nificantly increased risk of death from coronary heart disease.
Mortality from stroke was not associated with TC levels in
either gender. The mortality from cerebral hemorrhage was
the highest in the lowest TC group in men (HR =3.77; 95%
CI, 1.35-10.5), while the mortality from cerebral infarction
was not associated with TC levels in either gender (data not
shown). The lowest TC group was positively associated with
an increased risk for death from liver disease in men, women
and the combined gender data.

The association between TC group and cause-specific
mortality after excluding deaths within the first 5 years of
follow-up was essentially similar to those shown in Table 2
and 3 (data not shown).

When all-cause mortality was calculated after exclusion
of liver disease (Fig. 1), the increased HR in the lowest TC
group disappeared (HR = 1.10, 95% CT, 0.95-1.28, for com-
bined data of men and women). In contrast, in the combined
data, the positive relationship between the highest TC group
and all-cause mortality remained significant with an increase
inHR (HR=1.41,95% CI, 1.12-1.38). After further exclud-
ing deaths within the first 5 years of follow-up, the magnitude
of the HR in the lowest TC group decreased (HR=1.05;
95% CI, 0.89-1.24), whereas the HR in the highest TC
group increased even further (HR = 1.48;95% CI, 1.12-1.96).
Repeating these analyses on data grouped according to gen-
der showed nearly identical results (data not shown).

HR {Hazard Ratio)

< 414 4.14-4.65 4.66-5.17 5.18-5.68 5.69-6.20 6.21-670  6.71-
Serum total cholesterol (mmol/L)

Fig. 1. Multivariable-adjusted hazard ratios (HR) for all-cause mortality
grouped according to serum total cholesterol after adjustment for gender, age,
serum albumin, body mass index, hypertension, diabetes, cigarelte smoking
and alcohol intake. Black bars show HR for all-cause mortality among all
participants. White bars show HR for all-cause mortality after exclusion of
deaths due (o liver discase during the entire follow-up period. Hatched bars
show HR for all-cause mortality after further exclusion of all-cause deaths
within the first 5 years of follow-up. (*P<0.05).

In addition to stratifying participants based on clinical TC
cut-off values, we also grouped all participants according to
the quintile of serum TC. When we used the second quintile
(4.16-4.59 mmol/L) as a reference group, we observed a sig-
nificant increase in all-cause (HR = 1.21, 95% CI, 1.05-1.40)
and liver disease mortality (HR=2.91, 95% CI, 1.58-5.35)
in the lowest TC quintile (<4.16 mmol/L, 161 mg/dl). This
was similar to the results obtained in the lowest TC group
(<4.14 mmol/L, 160 mg/dl) when clinical TC cut-off values
were used to group the participants. However, the highest
TC quintile (>5.61 mmol/L, 217 mg/dl) was not associated
with an increase in all-cause or any cause-specific mortal-
ity except for coronary heart disease (HR =2.01; 95% CI,
1.16-3.51). When HR for all-cause mortality was calculated
after exclusion of liver discase, the increased HR in the low-
est TC quintile disappeared. Gender-specific analysis also
showed similar results (data not shown).

4, Discussion

This 17.3-year cohort study of the Japanese popula-
tion showed a positive association between the lowest
(<4.14 mmol/L) or highest (=6.71 mmol/L) TC levels and an
increased risk of all-cause mortality. However, the relation-
ship between low TC and all-cause mortality disappeared
when deaths due to liver disease were excluded, with only
the highest TC group showing a significant increase in all-
cause mortality. The strengths of the present study were a
high response rate in the baseline survey at which time sev-
eral biological markers were measured and a long duration of
follow-up of randomly selected subjects. The large number of
person-years in the study also allowed us to use multivariable
analysis to examine the relationship between high serum TC
and all-cause mortality using cut-off points set higher than
previous studies in Asian populations [5-8].

The prevalence of hepatitis C virus (HCV) infection in
Japanese residents born before World War IT has been esti-
mated to be approximately 5-7%, [21,22] a level consider-
ably higher than in Western countries [23-25]. Because the
majority of our study participants belonged to the pre-World
War II generation, the prevalence of HCV infection in our
study cohort would be expected to be relatively high. It has
recently been revealed that a low serum cholesterol level in
individuals with chronic HCV infection is a predictor of both
liver fibrosis [26] and liver cancer [9] Another study indicated
that subjects with genotype 1b hepatitis C viral infection (the
most common genotype of the HCV in Japan) had signif-
icantly lower serum cholesterol levels than those infected
with hepatitis B virus or genotype 2a HCV, even in the pre-
cirrhosis period [27].

These results suggest that hypocholesterolemia in Japan
is associated with the prevalence of persistent infection with
HCV. Low serum TC may be a response to liver dysfunction
caused by progressive fibrotic changes rather than a primary
cause of liver fibrosis. We believe these findings may partly
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explain the relationship we observed between low TC and all-
cause death in Japan. An epidemic of HCV infection occurred
mainly in the pre-war generation of the Japanese popula-
tion as a result of commercial blood transfusions carried out
during the two decades after World War II [28]. This interpre-
tation is also supported by our previous finding that a history
of earlier blood transfusion was associated with hypocholes-
terolemia in a rural Japanese community [29].

Most cohort studies in non-Western populations have
failed to demonstrate a positive relationship between high
serum TC and all-cause mortality [5-8]. We found partici-
pants with a TC level >6.71 mmol/L, a higher level than US
criteria (>6.21 mmol/L), had an increased risk of all-cause
mortality, mainly as a consequence of coronary heart disease.
It was reported in the 1960 and 1970s that a cohort of Japanese
people born before World War I had markedly lower serum
TC levels [30]. Although subjects may have had elevated TC
at the baseline survey, it was not possible to determine the
duration of elevated TC levels prior to the baseline measure-
ment. A “lag time” between exposure to high serum TC levels
and the occurrence of coronary heart disease may provide an
explanation of the higher cut-off value for TC in the Japanese
population. Accordingly, the effect of high serum TC on both
coronary heart disease and all-cause mortality may be atten-
uated.

Similar to previous studies in Japan, we found no positive
relationship between cholesterol levels and stroke [31,32]. In
fact, we observed the highest mortality for cerebral hemor-
rhage in the lowest TC group in men. Some studies, [8,31]
but not all, [33] reported that hypocholesterolemia was asso-
ciated with a higher risk of cerebral hemorrhage. However,
we were unable to determine if this was a causal relationship.

The present study had some limitations. First, a single
cholesterol measurcment at the bascline survey may have
underestimated the relationship between TC and mortality
due to regression dilution effects [34]. Second, we divided
the population into seven TC groups with an unbalanced
number of participants based on the combination of clini-
cal criteria because the prevalence of hypercholesterolemia
(6.71 mmol/L or greater) was very small in this population.
Third, we did not measure antibodies against the hepatitis C
virus, and non-fasting blood collection might have affected
serum glucose levels. Fourth, the change in the ICD coding
from version 9 to version 10 during follow-up period may
have been a confounding factor in the diagnosis of the cause
of death. However, ICD coding was done by specialists in
the Ministry of Health and Welfare, not by researchers. Fur-
thermore, mortality from stroke and cancer is known to be
accurately reported on death certificates in Japan [35,36].
Although underestimation of coronary heart disease deaths
during the use of TCD 9 is possible, [37] this should make it
more difficult to show a positive association between high TC
and death due to coronary heart disease. Thus, the positive
association that we observed may be conservative.

In conclusion, as in the Western populations, we showed
that high serum levels of TC in the Japanese general pop-

ulation were positively associated with all-cause mortality,
although the cut-off point appeared to be higher in Japanese
residents than Westerners. Furthermore, the relationship
between hypocholesterolemia and liver diseases, such as liver
cancer, liver cirrhosis and hepatitis, may increase all-cause
mortality in hypocholesterolemic Japanese residents.
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Abstract

Background: The relationship between body mass index
(BMI} and stroke mortality remains unclear. The aim of the
present study was to elucidate the relationship between
BM! and stroke death in a representative cohort of Japanese
men and women. Methods: We analyzed a database of
9,526 men and women aged 30 years and older who were
randomly selected throughout Japan in 1980. These indi-
viduals had no history of stroke and were followed for 19
years. Hazard ratios (HR) and their 5% confidence intervals
(Cl) of deaths due to total stroke, cerebral infarction, and in-
tracerebral hemorrhage were examined using Cox's propor-
tional hazards regression models of BMI levels. Results: A
U-shaped association between BMI and cerebral infarction
mortality was observed. Participants with the highest BMI

Members of the NIPPON DATA80 Research Group are listed in the
appendix.

category (BMI = 30.0) showed a significantly highest HR for
cerebral infarction (HR 2.46, 95% (I 1.01-5.99). The excess
risk at the lower extreme of the BMI was confined to men.
These associations did not change after excluding deaths
occurring in the first 2 years of follow-up. Conclusions: In
the Japanese general population, a U-shaped association
between BMI and cerebral infarction mortality was found
and the excess risk at the lower extreme of the BMi was con-
fined to men. Copyright & 2006 S. Karger AG, Basel

Introduction

Although high body mass index (BMI) is well recog-
nized as a risk factor for coronary heart disease, data on
the association between BMI and stroke mortality re-
main limited. Obesity was categorized as a ‘less well doc-
umented or potentially modifiable risk factor’ in the
guideline statement for health professionals from the
Stroke Council of the American Heart Association [1].
Several studies have found a positive association between
obesity and the risk of fatal and nonfatal stroke, particu-
larly ischemic stroke [2--8]. Others have suggested a U-
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shaped association, with individuals at either extreme of
the BMI distribution at high risk [9, 10].

Most large-scale epidemiological studies have been
conducted on western populations in which the criteria
for obesity are different from those for Asian populations.
Furthermore, few long-term follow-up studies have been
conducted on Asian populations. Among Japanese men
and women, the mean BMI is much lower than that of
western countries [11]. However, Asian populations tend
to have a higher percentage of body fat at any given BMI
[12]. In Japan, the mean BMI has increased steadily over
the last several decades {13, 14]. Clearly, the obesity epi-
demic is not restricted to western countries, and increas-
es in mean BMI often occur at a faster rate in Asian coun-
tries than in western countries.

In the present study, we examined the relationship be-
tween BMI and deaths due to total stroke, cerebral infarc-
tion, and intracerebral hemorrhage during 19 years of fol-
low-up of men and women in a nationally representative
cohort of the Japanese population.

Subjects and Methods

Populations

The present study was based on the National Integrated Pro-
jeet for Prospective Observation of Non-communicable Disease
Andits Trendsinthe Aged conductedin 1980 (NIPPONDATAS0).
The details of the NTPPON DATAS0 have been reported previ-
ously [15, 16].

The subjects of this cohort were participants in the National
Survey on Circulatory Disorders in 1980. A total of 10,546 com-
munity-dwelling individuals (4,640 men and 5,906 women) aged
30 years and over from 300 randomly selected districts partici-
pated in the survey in 1980. This cohort of subjects was followed
until 1999. As the overall population aged 30 years and over was
13,771 in the surveyed districts, the participation rate in the study
was 76.6%. From the total of 10,546 participants, 1,020 were ex-
cluded for the following reasons: failure to follow-up (n = 870),
past history of stroke (n = 117}, and some missing data in survey
{n = 33). Finally, data from 9,526 participants (4,171 men and
5,355 women) were used for the analyses.

Baseline Variables

The standardized procedures used in the National Survey on
Circulatory Disorders in 1980 have been described elsewhere {15~
17]. Staff members of the local public health centers in the respec-
tive districts carried out the examinations in community centers.
Body weight was measured with participants wearinglight clothes
without shoes. The height of each participant was measured with-
out shoes by a stadiometer. Bascline blood pressures were mea-
sured by trained observers using a standard mercury sphygmo-
manometer on the right arm of seated participants. Nonfasting
blood samples were drawn and centrifuged within 60 min of col-
lection. Frozen serum was sent to the Osaka Medical Center for
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Health Science and Promotion, Osaka, Japan. At the laboratory,
serum total cholesterol was measured using the Lieberman-
Burchard direct method. Blood sugar was measured using a cu-
pric-neocuproine method. A Technicon SMA 1260 (Technicon
Instruments, Tarrytown, N.Y., USA) was used for these measure-
ments.

Baseline information on hypertension, history of stroke and
coronary heart disease, and smoking and alcohol drinking habits
were obtained from a self-administered questionnaire. Individu-
als who indicated a history of hypertension were asked whether
they were using antihypertensive agents or not. Subjects were
asked to indicate whether they were current smokers, had quit
smoking, or had never smoked. For alcohol drinking habits, sub-
jects were asked to indicate whether they were nondrinkers, ex-
drinkers, occasional drinkers, or everyday drinkers. Subjects
were qualified as current drinkers if the response was occasional
drinker or everyday drinker.

Follow-Up and Outcome Definitions

Subjects who died during the follow-up period were identified
by local public health centers. Vital statistics for determining
causes of death were obtained from the Management and Coor-
dination Agency of the Government of Japan. The underlying
causes of death for the National Vital Statistics were coded ac-
cording to the 9th International Classitication of Diseases for data
regarding deaths until the end of 1994 and the 10th International
Classification of Diseases for data regarding deaths from the be-
ginning of 1995 [16].

The research protocol of the present study was approved by the
Ethics Committee of Shiga University of Medical Science, Japan.

Statistical Analysis

Cox’s proportional hazards regression models were used to
examine the relationships between BMT and mortality. To deter-
mine the relationship between BMI and stroke mortality, BMI
was entered as a categorical variable [11, 18]. Increasing levels of
BMI were investigated using five BMI categories: <18.5, 18.5~
22.9, 23.0-24.9, 25.0-29.9, and =30.0. These categories mirror
WHO categories except normal category. The WHQO normal cat-
egory (18.5-24.9) was divided into two because the majority of the
study population and events fell into that particular category. We
selected the third category (23.0-24.9) as a reference. Further-
more, Cox’s proportional hazard analyses were performed after
excluding subjects who died within the initial 2 years of the fol-
low-up period in order to rule out the possibility that subjects with
subclinical diseases, such as cancer and chronic inflammatory
disease, might have affected baseline BMI and the relationship
with final outcome. Men and women were analyzed comprehen-
sively. Smoking status, alcohol drinking can be confounded in
BMI and mortality association; these variables were included in
the model as well as age and sex. Blood pressure, serum total cho-
lesterol, and glucose are considered in part to be a biological con-
sequence of obesity, these variables were also adjusted in further
analysis. Stratified analyses were performed by sex. All analyses
were carried out using SAS version 8.02 for Windows (SAS Insti-
tute, Cary, N.C,, USA).

Oki et al.



Table 1. Baseline characteristics by category of BMI of 9,526 Japanese men and women aged 30 years and over in 1980, NIPPON

DATASO

BMI

<18.5 18.5-22.9 23.0-24.9 25.0-29.9 =300
Men
Number 273 2,194 902 765 37
Age, years 57.0%16.0 50.7+13.3 4931124 485*11.5 49.7+12.6
Systolic blood pressure, mm Hg 137.3£24.7 136.8:21.0 139.6+19.9 141.6+19.4 143.1%232
Diastolic blood pressure, mm Hg 79.5%11.2 81.9%12.2 84.8+11.6 §7.6+112.2 91.2%13.9
Serum total cholesterol, mmol/i 45+07 47+0.8 49+09 5.1%09 53%1.0
Serum glucose, mmol/l 7.3+20 72%21 7.3£23 73%19 83x25
Medication (antihypertension), % 9.2 8.0 10.2 13.6 16.2
Current smoker, % 68.9 65.5 61.8 56.3 48.7
Current drinker, % 63.0 75.0 77.1 75.0 62.2
Deaths from total stroke, n (n/TPY) 20 (5.02) 97 (2.63) 22(1.41) 24 (1.78) 2 (3.26)
Deaths from cercbral infarction, n (n/TPY) 17 (4.26) 58 (1.57) 11 (0.70) 14 (1.04) 1(1.63)
Deaths from intracerebral hemorrhage, n (n/TPY) 3{0.75) 23 (0.62) 6 (0.38) 6 (0.45) 1(1.63)
Women
Number 381 2,620 1L,135 1,056 163
Age, years 53.3%15.0 486+ 13.6 51.0% 129 524+12.1 5344122
Systolic blood pressure, mm Hg 1287 2204 130.3+£20.5 1353 +£20.7 141.4%£219 146.7%22.6
Diastolic blood pressure, mm Hg 75.6+12.1 77.5%£113 80.6%x11.4 83.8%11.4 885135
Serum total cholesterol, mmol/l 4,7+0.8 48+09 5.0%0.9 5.1+09 54%09
Serum glucose, mmol/l 72%+19 70517 7.2%1.8 74%22 76%18
Medication (antihypertension), % 5.8 7.9 12.6 18.8 319
Current smoker, % 16.3 8.5 7.7 8.7 55
Current drinker, % 16.3 21.8 19.9 16.7 17.2
Deaths from total stroke, n (n/TPY) 12 (1.91) 76 (1.52) 33 (1.65) 31 (1.67) 8(2.82)
Deaths from cerebral infarction, n (n/TPY) 7(1.11) 35 (0.76) 17 (0.85) 17 (0.92) 5(1.76)
Deaths from intracerebral hemorrhage, n (0/TPY) 3(0.48) 15 (0.32) 7 {0.35) 4 (0.22) 2(0.70)

TPY = Total person-years follow-up (/1,000 person-years).

Results

The mean (+ standard deviation) baseline BMIin our
entire study population was 22.7 (& 3.2), with means of
22.5 (% 2.9) observed for men and 22.9 (& 3.4) for wom-
en. Table 1 shows the mean and prevalence of the baseline
characteristics and unadjusted numbers of deaths due to
stroke by BMT categories. Death rates are shown per 1,000
person-years. Mean values for systolic blood pressure, di-
astolic blood pressure, serum total cholesterol, and use of
antihypertension agents in both sexes were higher in
higher BMI categories. In contrast, the proportion of cur-
rent smokers was higher in lower BMI categories.

Total population time observed was 164,457 person-
years, and the mean follow-up period was 17.3 years.
During the follow-up period, 319 deaths due to stroke
were observed, including 182 cerebral infarctions, 70 in-

Body Mass Index and Stroke Mortality

tracerebral hemorrhages and 67 other types of stroke
(subarachnoid hemorrhage and undlassified). The rela-
tionships among baseline BMI categories and deaths due
to total stroke, cerebral infarction, and intracerebral
hemorrhageare shown intable 2. A U-shaped association
between BMI and cerebral infarction mortality was ob-
served. In both men and women, the highest BMI cate-
gory {=30.0) showed the highest hazard ratio, although
it did not reach statistical significance. We observed sta-
tistically significant elevation when men and women
were combined. The excess risk in the lower extreme of
the BMI distribution was confined to men. For total
stroke mortality, pattern of association was similar to
that of cerebral infarction; however, no statistically sig-
nificant association was observed in the model adjusted
tor age, smoking, and alcohol drinking.
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To exclude the influence of preexisting disease, deaths
during the first 2 years of the follow-up period were ex-
cluded from the analysis. There were 25 deaths due to
total stroke, including 10 cerebral infarctions and 5 intra-
cerebral hemorrhages during the first 2-year follow-up
period. After excluding such deaths, similar trends were
observed.

Discussion

We found a U-shaped association between BMI and
cerebral infarction mortality, the excess risk in the lower
extreme of the BMI distribution was confined to men.
The U-shaped association did not change after excluding
deaths in the first 2 years of follow-up. The strengths of
the present study are as follows: (1) the analysis of ran-
domly selected subjects representative of the Japanese
population; (2) a high participation rate (76.6%); (3) the

direct collection of height, weight and biological markers
from all participants; (4) a long follow-up period (19
years). Although previous cohort studies have been con-
ducted in selected geographic areas of Japan, no follow-
up studies have been conducted on a randomly selected
sample throughout Japanese population. Furthermore,
while several large cohort studies [10] have collected data
by means of interviews, in the present study, staff mem-
bers of local public health centers measured height and
weight, and blood samples received from all participants
were accurately measured. In Japan, a national preven-
tion program for all Japanese residents (examination of
health care under the health care law for the aged) has
been in place since 1983; thus, the baseline data in the
present study was not influenced by that intervention.
Some prospective studies have shown an increased
risk for stroke with increasing BMI, particularly cerebral
infarction [2-8]. Several studies also suggested that ab-
dominal obesity, rather than general obesity, is associated

Table 2. Relationship between BMI and death due to total stroke, cerebral infarction, and intracerebral hemorrhage in 9,526 Japanese
men and women aged 30 years and over, as determined at the 19-year follow-up of NIPPON DATAS0

BMI Stroke Cerebral infarction
adjusted for age, fully adjusted? adjusted for age, fully adjusted®
smoking and alcohol smoking and alcohol
HR (95% CI) pvalue  HR (95% CI) pvalue HR (95% CI) p value HR (95% CI) p value
Men and women®
<18.5 1.14 (0.73, 1.77) 0.56 1.36 (0.87,2.12) 0.18 1.57 (0.90, 2.73) 0.11 1.85 (1.05, 3.26) 0.03
18.5-22.9 1.21(0.89,1.64) 0.23 1.28 (0.94,1.74)  0.12 1.28 (0.84, 1.96) 0.25 1.36 (0.88, 2.09) 0.17
23.0-24.9 1.00 (reference) 1.00 (reference) 1.00 (reference) 1.00 (reference)
25.0-29.9 1.22 (0.84, 1.78)  0.29 1.17 (0.80, 1.71)  0.41 1.43 (0.86, 2.39) 0.17 1.41 (0.84, 2.36) 0.20
=30.0 1.94(0.98,3.82) 0.06 1.87 (0.95,3.69) 0.07 2.46(1.01,5.99) 0.05 2.49 (1.02, 6.10) 0.05
Men
<185 1.64 (0.89,3.03) 0.11 1.90 (1.02,3.53) 0.04 2.64 (1.22,5.70) 0.01 3.07 (1.41,6.68) <0.01
18.5-22.9 1.58 (0.99,2.51) 0.05 1.61(1.01,2.57) 0.05 1.85(0.97, 3.53) 0.06 1.87(0.98, 3.58) 0.06
23.0-24.9 1.00 (reference) 1.00 (reference) 1.00 (reference) 1.00 (reference)
25.0~-29.9 1.62 (0.91,2.90) 0.10 1.57 (0.88,2.80) 0.13 2.02 (0.91, 4.45) 0.08 1.91 (0.86,4.22) 0.11
=30.0 3.60(0.84, 15.36) 0.08 3.71(0.87,15.88) 0.08 4.59(0.59,35.75) 0.15 4.73(0.61,3694) 0.14
Women
<18.5 0.79 (0.40, 1.55)  0.50 0.99 (0.50, 1.96) 0.98 0.92 (0.37, 2.26) 0.85 1.12 (0.45, 2.81) 0.81
18.5-22.9 0.95 (0.63,1.44) 0.81 1.06 (0.70, 1.62)  0.79 0.91 (0.51, 1.63) 0.76 1.03 (0.57, 1.88) 0.92
23.0-24.9 1.00 (reference) 1.00 (reference) 1.00 (reference) 1.00 (reference)
25.0-29.9 0.97 (0.59, 1.58) (.89 0.93 (0.56, 1.52) 0.76 1.04 (0.53, 2.05) 0.90 1.05 (0.53, 2.09) 0.88
=30.0 1.47 (0.68,3.17)  0.33 1.44 (0.66, 3.13)  0.36 1.72 (0.63, 4.68) 0.29 1.85 (0.68, 5.09) 0.23

HR = Hazard ratio; ClI = confidence interval.

 Adjusted for, age, smoking, alcohol, systolic blood pressure, serum cholesterol level, and serum glucose level.

b Adjusted for sex.
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with an increased risk for stroke [19]. Obesity is a strong
risk factor for the development of hypertension {20}, dia-
betes {21}, and hypercholesteremia [22]. It has been well
established that metabolic syndrome, due to visceral fat
accumulation, is a strong risk factor in ischemic stroke
[22, 23]. In the present study, participants in the highest
BMI group may have had more risk factors related to met-
abolic syndrome but were not included in the baseline
survey. For example, a large proportion of obese individ-
uals have higher visceral fat accumulation than nonobese
individuals, which is a key factor of metabolic syndrome
[22]. As we did not measure serum high-density lipopro-
tein cholesterol, triglyceride levels, or the homeostasis
model assessment index, we need to adjust for or assess
these factors in a further study.

One of the possible explanations for excess risk in men
in the lower extreme of the BMI distribution was due to
case fatality. Mortality was the only endpoint outcome in
the present study; thus, results were not affected by non-

Intracerebral hemorrhage

adjusted for age, fully adjusted®

smoking and alcohol

HR (95% CI) p value HR (95% CI) p value
1.02 (0.38, 2.72) 0.97 1.23 (0.46, 3.29) 0.69
1.19 (0.63, 2.24) 0.58 1.26 (0.67, 2.37) 0.48
1.00 (reference) 1.00 (reference)

0.91 (0.40, 2.08) 0.83 0.83 (0.36,1.91) 0.66
2.57(0.72,9.13)  0.14 2.31(0.65,8.26)  0.20
092 (0.23,3.74) 091 1.00 (0.24,4.12) 100
1.40 (0.57, 3.44) 0.47 1.37 (0.55, 3.40) 0.50
1.00 (reference) 1.00 (reference)

1.39 (0.45, 4.34) 0.57 1.36 (0.44, 4.23) 0.60
5.75(0.69,48.10) 0.11 6.61 (0.79,55.65)  0.08
1.06 (0.27, 4.18) 0.94 1.55 (0.39, 6.24) 0.54
0.99 (0.40, 2.42)  0.97 1.19(0.48,2.95)  0.71
1.00 (reference) 1.00 (reference)

0.58 (0.17, 1.99) 0.39 0.50(0.15, 1.72) 0.27
1.79 (0.37, 8.63) 0.47 1.47 (0.30, 7.25) 0.63

Body Mass Index and Stroke Mortality

fatal cerebral infarction. Kimura et al. [24], reported that
the case fatality rate was 6.9% in patients with ischemic
stroke and transient ischemic attack. Also Kiyohara et al.
[25], reported that lower BMI was a significant risk factor
for death after stroke.

Observational studies of body weight and mortality
are susceptible to methodological problems, including
failure to control for weight loss due to subclinical disease
and the unhealthy biological effects of heavy smoking
[26]. For deaths due to cerebral infarction, a U-shaped
association was observed between BMI and hazard ratio
among men; however no such association was observed
among women. Mean BMI among women increased with
increasing age. In contrast, among men, mean BMI in-
creased in the 40s and 50s, but decreased with increasing
age. The effect of age may have influenced the pattern of -
association even after adjusting the models for age. Tt is
difficult to control the above-mentioned ‘reverse-causal’
effect and confounding factors in a cohort study. Thus,
the relation between low BMI and mortality should be
interpreted with caution.

The present study has several limitations. First, for de-
tecting statistically significant relationships between
BMI and mortality, especially for BMI = 30.0, the sample
size was not large enough. The prevalence of obesity (BMI
= 30.0) in Japanese adults is quite low compared with
data from western populations [11]. In the present study,
subjects with BMI = 30.0 account for only 0.9% of men
and 3.0% of women. Second, we used National Vital Sta-
tistics on the underlying causes of death, which are based
on death certificates issued by medical practitioners, as
endpoints. Stroke subtypes may lead to misclassification
on death certificates. However, since the 1980s, the use of
CT scans on stroke patients has been widespread among
local Tapanese hospitals [27]. Therefore, we believe the
diagnoses of stroke subtypes on death certificates to be
sufficiently accurate.

In conclusion, a U-shaped association between BMI
and cerebral infarction mortality was found. The excess
risk at the lower extreme of the BMI distribution was con-
tined to men.
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