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ABSTRACT

Although the causal relationships of high serum levels of total cholesterol (TC) and low-density lipoprotein
cholesterol (LDL-C) with coronary artery disease (CAD) are well established, there have been few community-based
epidemiologic studies of these relations in Japan. Furthermore, even when analysis is restricted to ischemic stroke,
the relationship between dyslipidemia and stroke is very weak. Accordingly, it is difficult to perform cohort studies of
dyslipidemia and cardiovascular disease. A series of studies, such as the NIPPON DATA (National Integrated Project
for Prospective Observation of Non-communicable Disease and Its Trends in the Aged) cohort study of a
representative sample of Japanese, have greatly increased existing evidence. NIPPON DATA80 revealed a clear
positive relationship between TC and CAD, and indicated that reverse causality between hypocholesterolemia and
liver disease may increase all-cause mortality in hypocholesterolemic Japanese. NIPPON DATA90 showed that
serum high-density lipoprotein cholesterol (HDL-C) was inversely associated with all-cause mortality, even when
HDL-C was very high. NIPPON DATA80 revealed that low-normal levels of serum albumin and TC are associated
with a decline in activity during old age, especially in women. The Suita study—a unique cohort study of urban
residents—showed that LDL-C and non–HDL-C were equally accurate in predicting the incidence of myocardial
infarction. Further research of this quality is needed to ascertain the public health burden of dyslipidemia in Japan.

Key words: total cholesterol; low density lipoprotein cholesterol; high density lipoprotein cholesterol; coronary artery
disease; stroke; cohort studies

INTRODUCTION

The causal relationships between high serum levels of total
cholesterol (TC) and low-density lipoprotein cholesterol
(LDL-C) and coronary artery disease (CAD) are well
established in various ethnic populations.1–3 In addition,
serum high-density lipoprotein cholesterol (HDL-C) levels
are known to be inversely associated with the risk of CAD.
Therefore, in developed countries, serum cholesterol levels are
the main target for lipid management in most guidelines
developed to prevent atherosclerotic disease.3–5 The Health
and Medical Service Law for the Elderly was enacted in Japan
in 1982, and all Japanese residents aged 40 years or older have
the opportunity to undergo screening for TC (changed to
LDL-C in April 2008); those with dyslipidemia are provided
with health services such as health education and guidance to
prevent CAD.6

The evidence is not strong for a positive association
between the risk of stroke and either high serum levels of TC
or LDL-C, at least in the Japanese population. Indeed, an

epidemiologic study in Japan was the first in the world to
report that community residents with low serum total
cholesterol were more likely to develop intraparenchymal
hemorrhage.7 Some researchers hypothesized that this
unexpected result was due to an interaction between low
serum cholesterol and low serum albumin, which is an
indicator of malnutrition; however, no epidemiologic study
has addressed this topic.
CAD mortality is lower in Japan than in Western

populations. In populations that have had low mean
cholesterol for a period of many decades, as is the case in
Japan, new epidemiologic studies are needed to determine the
benefits of health services and lipid-lowering medications.
The present series of studies were performed to add to the
body of evidence on this topic.

OUTLINE OF COHORT STUDIES

NIPPON DATA
The cohort studies of the National Survey on Circulatory
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Disorders, Japan, are referred to as NIPPON DATA (National
Integrated Project for Prospective Observation of Non-
communicable Disease and Its Trends in the Aged)8;
which included 2 cohort studies. The baseline surveys were
performed in 1980 and 1990 (NIPPON DATA80 and NIPPON
DATA90).9,10 A total of 10 546 community dwellers (4640
men and 5906 women) aged 30 years or older from 300
districts participated in the 1980 survey; 8384 community
dwellers (3504 men and 4880 women) aged 30 years or older
from 300 randomly selected districts participated in the 1990
survey.

The details of the baseline survey of these cohorts have
been previously reported.8–10 Nonfasting blood samples
were obtained and sera were separated. In NIPPON
DATA80, serum total cholesterol was analyzed using the
Liebermann–Burchard direct method; serum albumin was
analyzed using the bromocresol-green method at 1 central
laboratory (present name: Osaka Medical Center for Health
Science and Promotion). In NIPPON DATA90, serum
total cholesterol and triglyceride (TG) concentrations were
measured enzymatically, and HDL-C was measured by the
precipitation method using heparin-calcium at SRL, Inc. The
precision and accuracy of the cholesterol measurements in the
these laboratories have been certified by the CDC-NHLBI
Lipid Standardization Program of the Centers for Disease
Control and Prevention (CDC), Atlanta, Georgia.11

During the follow-up periods, the underlying causes of
death in the National Vital Statistics were coded according
to the 9th International Classification of Disease (ICD-9)
for deaths occurring until the end of 1994, and according
to the 10th International Classification of Disease (ICD-10)
for deaths occurring from the beginning of 1995. The details
of the classification used in these studies are described
elsewhere.8–10 Permission to use National Vital Statistics was
obtained from the Management and Coordination Agency,
Government of Japan.

Information on activities of daily living (ADL) among
the survivors of NIPPON DATA80 was collected by
physicians and public health nurses at public health centers
in 1994. Participants were asked about 5 basic ADL items
(eating, dressing, bathing, toileting, and transferring–walking
indoors), modified from Katz et al,12 and whether each of
these activities could be accomplished without help, with
partial help, or with full help. This survey was conducted via
telephone interviews (30.5%), face-to-face interviews at home
(43.5%), mail (9.0%), and other methods (17.0%). Impaired
ADL was defined as a need for partial or full support to
perform any of the 5 basic ADL items.

Suita study
The Suita study, a cohort study of cardiovascular disease, was
established in 1989 and included 12 200 Japanese urban
residents of Suita City, Osaka. The participants were aged 30
to 79 years and were selected randomly from the municipal

population registry. Of these, 6485 men and women had a
baseline medical examination at the National Cardiovascular
Center between September 1989 and February 1994. Blood
samples were collected after the participants had fasted for at
least 10 hours. The samples were centrifuged immediately and
serum levels of TC, HDL-C, and TG were enzymatically
measured. The details of the baseline survey have been
reported elsewhere.13–16

The endpoints of this study were: (1) first myocardial
infarction (MI) or stroke event, (2) death, (3) leaving Suita
City, or (4) 31 December 2005. The first step in the survey of
MI and stroke was monitoring the health status of all
participants by means of clinic visits every 2 years, and by
yearly questionnaires administered by mail or telephone. In
the second step, in-hospital medical records of participants
who were suspected of having had an MI or stroke were
reviewed by registered hospital physicians or research
physicians who were blinded to the baseline information.
The criteria for definite and probable MI were defined
according to the criteria of the MONICA (Monitoring
Trends and Determinants of Cardiovascular Disease) project,
which requires evidence from electrocardiography, cardiac
enzymes, and/or autopsy.17 Stroke was defined according to
the National Survey of Stroke criteria, ie, rapid onset of a
constellation of neurological deficits lasting at least 24 hours
or until death.18

IMPORTANT FINDINGS

Association of TC with cause-specific and all-cause
mortality (NIPPON DATA80)9

No study has shown a positive relationship between
hypercholesterolemia and all-cause mortality in the Japanese
population. Therefore, 9216 participants of NIPPON DATA80
who had no missing data and no history of cardiovascular
disease were followed until 1999.9 The mean follow-up period
was 17.3 years, and the total number of person-years of
follow-up was 159 293. During the follow-up period there
were 1841 deaths (992 males and 849 females). Of these, 36%
(n = 666) were due to cardiovascular disease, including
128 coronary heart disease deaths and 306 stroke deaths
(intracerebral hemorrhage, n = 65; cerebral infarction, n =
174; others, n = 67).
Figure 1 shows the relationship between TC and death due

to coronary heart disease, and suggests that there is a positive
graded relationship between these 2 parameters, especially
in men. For men, the hazard ratio (HR) for the second-
highest TC group (TC, 240–260mg/dl) was 3.74 (95% CI,
1.44–9.76), while the HR for the highest TC group (TC,
≥260mg/dl) was 3.77 (95% CI, 1.02–13.9). For women,
although a graded relationship was not observed, the highest
TC group had a significantly increased risk of death from
coronary heart disease. Mortality from stroke was not
associated with TC in either sex.

Dyslipidemia and Cardiovascular Disease in Japan260

J Epidemiol 2010;20(4):259-265



Concerning all-cause mortality (Figure 2), there was a
positive association between TC and the risk of all-cause
mortality in the group with the lowest TC (<160mg/dl;
HR, 1.19; 95% confidence interval [CI], 1.03–1.37) and the
group with the highest TC (≥260mg/dl; 1.36; 1.05–1.77). The
lowest TC group also had an increased risk of liver disease
(HR 3.03; 95% CI, 1.70–5.43). After excluding 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 (1.05; 0.89–1.24).

Most cohort studies in non-Western populations have failed
to demonstrate a positive relationship between high serum TC
and all-cause mortality. Serum TC levels were markedly lower
among Japanese born before World War II, as compared with
current levels. Even if some participants had elevated TC at
the time of the baseline survey, the duration of this elevation
from onset until the baseline measurement might have been

short. The possibility that there is a “lag time” between
exposure to high serum TC levels and the occurrence of
coronary heart disease may explain the high cut-off value for
TC needed to detect participants at high risk.
The prevalence of hepatitis C virus (HCV) infection in

Japanese residents born before World War II has been
estimated at 5% to 7%, a level considerably higher than
that in Western countries.19 Because the majority of our study
participants were born before World War II, the prevalence of
HCV infection in NIPPON DATA80 would be expected to be
relatively high. It has recently been found that a low serum
cholesterol level in individuals with chronic HCV infection
is a predictor of both liver fibrosis and liver cancer.20

Accordingly, hypocholesterolemia in Japan is associated
with persistent HCV infection. Rather than being a primary
cause of liver fibrosis, low serum TC may be a response to
liver dysfunction caused by progressive fibrotic changes. We

0.0

1.0

2.0

3.0

4.0

5.0

<160 160-
179

180-
199

200-
219

220-
239

240-
259

260-

reference

Total cholesterol (TC), mg/dl

H
az

ar
d 

R
at

io
Men

Women

 P< 0.05

Figure 1. Multivariate-adjusted hazard ratios (HRs) for coronary artery disease mortality, grouped according to serum total
cholesterol, after adjustment for age, serum albumin, body mass index, hypertension, diabetes, cigarette
smoking, and alcohol intake. Black bars indicate HRs for men, and hatched bars indicate HRs for women.
(*P < 0.05)
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Figure 2. Multivariate-adjusted hazard ratios (HRs) for all-cause mortality, grouped according to serum total cholesterol,
after adjustment for sex, age, serum albumin, body mass index, hypertension, diabetes, cigarette smoking, and
alcohol intake. Black bars (model 1) indicate HRs for all-cause mortality among all participants. Hatched bars
(model 2) indicate HRs for all-cause mortality 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. (*P < 0.05)
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believe these findings partly explain the relationship between
low TC and all-cause death in Japan. This interpretation is
supported by a previous study which found that a history of
blood transfusion was associated with hypocholesterolemia in
a rural Japanese community.21

HDL-C and all-cause mortality (NIPPON DATA90)10

In populations, such as Japanese, with HDL-C levels higher
than those of Western populations, the beneficial effects of
HDL-C on all-cause mortality may differ. A total of 7175
community-dwelling Japanese residents without a past
history of cardiovascular disease in NIPPON DATA90 were
followed for 9.6 years.10 During follow-up, there were 636
deaths. The multivariate-adjusted HR of HDL-C for all-
cause or cause-specific mortality was calculated using
a Cox proportional hazards model adjusted for other
cardiovascular risk factors. All-cause mortality appeared to
have an inverse graded relation with HDL-C (Figure 3).
The HR for those with very high HDL-C (≥70mg/dl), as
compared with the reference group (40–59mg/dl), was 0.73
(95% CI, 0.50–1.06) for men and 0.63 (0.41–0.94) for
women. When analyzed as a continuous variable, serum
HDL-C was significantly inversely associated with all-cause
mortality. There was an inverse graded relation between
cardiovascular mortality and HDL-C categories, but the
association was nonsignificant.

There are several reasons for the higher serum HDL-C level
in Japanese. As compared with whites, Japanese have a much
lower body mass index and a higher prevalence of genetic
cholesteryl ester transfer protein (CETP) deficiency.22 It
is controversial as to whether very high levels of serum
HDL-C are protective against coronary heart disease, as few
epidemiologic studies have investigated the relationship
between high HDL-C levels, or CETP deficiency, and CAD.
The only prospective study of this association showed a
low risk of CAD in Hawaiian Japanese with high HDL-C
(≥60mg/dl), irrespective of CETP deficiency.23 A large cross-

sectional study of a southwest Japanese community, who
underwent assessment for genetic CETP deficiency, also
showed a low prevalence of coronary heart disease in
participants with very high HDL-C (≥80mg/dl).24 These
studies suggest that a markedly increased level of serum HDL-
C may be protective against CAD in Japanese.

TC, albumin, and ADL (NIPPON DATA80)25

Decreased concentrations of serum albumin, a measure of
nutritional and anti-inflammatory status, are associated with
increased mortality.26 Low serum albumin also correlates with
impaired ADL among community-dwelling individuals,
impaired extremity function, and decreased skeletal muscle
mass, especially among elderly individuals.27

The association of serum albumin and TC levels with an
increased risk of subsequent mortality and/or future decline
in ADL was also examined.25 The cohort consisted of 1844
Japanese individuals aged 60 to 74 years from NIPPON
DATA80, who were followed until the first follow-up survey
of ADL in 1994. The mean follow-up period was 12.4 years.
After adjusting for age, TC, hypertension, diabetes, body mass
index, cigarette smoking, and alcohol consumption, the
multivariate odds ratios (OR) of impaired ADL was highest
among women in the lowest albumin quartile (≤4.0 g/dl). The
multivariate OR for the composite outcome of death or
impaired ADL for the lowest albumin quartile, as compared
with the highest quartile, was 1.56 (95% CI, 1.94–2.57) for
men and 3.06 (1.89–4.95) for women.
As shown in Figure 4, this relationship was more evident in

participants with TC below the median: the multivariate OR
for the lowest albumin quartile was 1.91 (95% CI, 0.88–4.15)
in men and 4.50 (2.25–9.02) in women. When analyzed as a
continuous variable, serum albumin was significantly and
inversely associated with a composite outcome of death or
impaired ADL in both men and women with TC below the
median: the multivariate OR for each 0.1 g/dl increase in
serum albumin was 0.88 (0.79–0.97) in men and 0.79
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Figure 3. Multivariate-adjusted hazard ratios (HRs) for all-cause mortality, grouped according to serum high-density
lipoprotein cholesterol (HDL-C), after adjustment for age, body mass index, triglyceride (log-transformed),
non–HDL-C, hypertension, diabetes, cigarette smoking, and alcohol intake. Black bars indicate HRs for men,
and hatched bars indicate HRs for women. (*P < 0.05)
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(0.72–0.87) in women; there was no significant association in
those with TC above the median.

In a follow-up study of 937 US men and women aged
70 to 79 years, Reuben et al found that those with low
albumin (≤3.8 g/dl) and low cholesterol (≤167mg/dl) had the
highest relative risks for 3- and 5-year mortality, and for the
combined endpoint of 3-year mortality or decline in functional
status.27 A decline in functional performance was 3 times
more likely among Dutch men aged 55 to 85 years with
serum albumin ≤4.3 g/dl and serum total cholesterol ≤200
mg/dl, than among those with higher levels, after 3 years of
follow-up.28

In contrast, an inverse relationship between serum albumin
and the incidence of coronary heart disease was observed
among individuals with serum cholesterol levels ≥250mg/dl
in a 5-year follow-up study of 820 Dutch men aged 64 to 84
years.29 Interestingly, in the NIPPON DATA80 cohort, a
combination of low albumin (≤4.3 g/dl) and above-average
TC (≥185mg/dl) was associated with excess mortality among
participants aged 30 to 59 years.30 Thus, the interaction
between serum albumin and serum cholesterol levels may be
affected by the age of the surveyed population.

LDC-C, Non–HDL-C, and the incidence of myocardial
infarction (Suita study)13

Serum LDL-C levels are the main target for lipid management
in the majority of guidelines promulgated by developed
countries for preventing atherosclerotic disease.3–5 Some
US cohort studies have suggested that non–high-density
lipoprotein (non–HDL-C), which is calculated by subtracting
HDL-C from TC, may be a better predictor of CAD.31

However, to our knowledge, only 1 population-based cohort
study has directly compared the predictive value of these lipid
markers for CAD in an Asian population.32

A total of 4694 men and women aged 30 to 74 years
without a history of cardiovascular disease or use of lipid-
lowering medication underwent fasting blood collection and
were followed for 11.9 years. Baseline LDL-C levels were
estimated using the Friedewald formula, and the predictive
value of LDL-C and non–HDL-C for MI and stroke were
compared. During follow-up, there were 80 incident MIs and
139 stokes, comprising 23 intracerebral hemorrhages, 85
cerebral infarctions, and 31 strokes of another type. The HR
for MI was highest (3.03; 95% CI, 1.32–6.96) among those in
the top quintile of LDL-C (≥151mg/dl in men and ≥164mg/dl
in women), when data from men and women were combined,
as compared with the lowest quintile (<98mg/dl in men and
<106mg/dl in women). The HR for MI was also highest
(2.97; 95% CI, 1.26–6.97) for the top quintile of non–HDL-C
(≥180mg/dl in men and ≥189mg/dl in women), as compared
with the lowest quintile (<123mg/dl in men and <143mg/dl in
women). Analysis of trends showed a significant positive
relationship between MI incidence and serum LDL-C and
non–HDL-C levels (both P = 0.02). A summary of these
results is shown in Figure 5. However, there was no
relationship between the incidence of any subtype of stroke
and either LDL-C or non–HDL-C.
To determine the predictive values of LDL-C and

non–HDL-C, the difference between the −2 ln[L] of a
model including each lipid and the −2 ln[L] of a model
adjusted for other variable was calculated. The χ2 values
for LDL-C and non–HDL-C were almost identical: 5.71 for
LDL-C (P = 0.02) and 5.49 for non–HDL-C (P = 0.02).
Furthermore, the area under the curve (AUC) of the
receiver-operating characteristics curves, based on predictive
probability targeting for MI, was also estimated. The AUC
of LDL-C and non–HDL-C were identical. Although the
predictive value of these parameters is nearly identical,
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non–HDL-C should be recommended as a screening marker
for primary prevention of CAD in the community, as it is less
expensive and simpler to use.

Conclusion
There have been few community-based epidemiologic studies
of the relationship between dyslipidemia and cardiovascular
disease in Japan. One reason for this is the low incidence of
CAD, which is strongly associated with dyslipidemia.33 Most
cardiovascular disease in Japan is stroke, and even if
we restrict our analysis to ischemic stroke, the relation
between dyslipidemia and ischemic stroke is very weak.9,13,34

This makes it difficult to perform epidemiologic studies of
dyslipidemia, and it is thus a challenging task to produce
articles of interest on this topic if we are restricted to the
use of a Japanese dataset. Although the atherogenic effect of
dyslipidemia has been established not only in epidemiologic
studies, but also in many pathological and biological studies,
further high-quality cohort studies are required to determine
the public health burden of dyslipidemia in Japan.

ACKNOWLEDGEMENTS

The author is grateful to the principal investigator of NIPPON
DATA, Prof. Hirotsugu Ueshima, Shiga University of Medical
Science, and to all the other scientists and staff in the research
group. I also thank all the public health centers that cooperated
with NIPPON DATA. I sincerely appreciate the assistance
given to the study by the members of the Suita Medical
Foundation, Suita City Health Center, and Satuki-Junyukai,
the society members of the Suita study. Finally, I thank Dr.
Masakazu Nakamura, Lipid Reference Laboratory, Osaka
Medical Center for Health Science and Promotion, for sharing
his considerable expertise in lipid standardization.

REFERENCES

1. Pekkanen J, Linn S, Heiss G, Suchindran CM, Leon A,
Rifkind BM, et al. Ten-year mortality from cardiovascular
disease in relation to cholesterol level among men with and
without preexisting cardiovascular disease. N Engl J Med.
1990;322:1700–7.

2. Maruyama K, Hirobe K, Noda H, Iso H, Dohi S, Terai T,
et al. Associations between blood lipid profiles and risk of
myocardial infarction among Japanese male workers: 3M study.
J Atheroscler Thromb. 2009;16:714–21.

3. Conroy RM, Pyörälä K, Fitzgerald AP, Sans S, Menotti A,
De Backer G, et al. Estimation of ten-year risk of fatal
cardiovascular disease in Europe: the SCORE project. Eur
Heart J. 2003;24:987–1003.

4. Expert Panel on Detection, Evaluation, and Treatment of High
Blood Cholesterol in Adults. Executive summary of the third
report of the National Cholesterol Education Program (NCEP)
Expert Panel on Detection, Evaluation, and Treatment of High
Blood Cholesterol in Adults (Adult Treatment Panel III). JAMA.
2001;285:2486–97.

5. Teramoto T, Sasaki J, Ueshima H, Egusa G, Kinoshita M,
Shimamoto K, et al. Treatment—therapeutic lifestyle modifica-
tion. J Atheroscler Thromb. 2008;15:109–15.

6. Okamura T. Cardiovascular risk clustering with obesity: a god
target to reduce medical expenditures as a first step of high-risk
approach in communities and worksites. Circ J. 2007;71:1667.

7. Ueshima H, Iida M, Shimamoto T, Konishi M, Tsujioka K,
Tanigaki M, et al. Multivariate analysis of risk factors for stroke.
Eight-year follow-up study of farming villages in Akita, Japan.
Prev Med. 1980;9:722–40.

8. Ueshima H, Choudhury SR, Okayama A, Hayakawa T, Kita Y,
Kadowaki T, et al. Cigarette smoking as a risk factor for stroke
death in Japan: NIPPON DATA80. Stroke. 2004;35:1836–41.

9. Okamura T, Tanaka H, Miyamatsu N, Hayakawa T, Kadowaki
T, Kita Y, et al. The relationship between serum total cholesterol
and all-cause or cause-specific mortality in a 17.3-year study of a

0

1

2

3

4

Q1 Q2 Q3 Q4 Q5

H
az

ar
d 

R
at

io
LDL-C

Non-HDL-C

P< 0.05

reference

Figure 5. Multivariate-adjusted hazard ratios (HRs) for the incidence of myocardial infarction, grouped according to serum
low-density lipoprotein cholesterol (LDL-C) or non–high-density lipoprotein cholesterol (non–HDL-C), after
adjustment for sex, age, body mass index, hypertension, diabetes, HDL-C, cigarette smoking, and alcohol
intake. Black bars indicate HRs of LDL-C; the hatched bars indicate HRs of non–HDL-C. (*P < 0.05) ‘Q’
indicates quintile. The cutoff points for LDL-C were Q1: <98, Q2: 98–117, Q3: 118–132, Q4: 133–150, Q5:
≥151mg/dl for men, and Q1: <106, Q2: 106–124, Q3: 125–141, Q4: 142–163, Q5: ≥164mg/dl for women. The
cutoff points for non–HDL-C were Q1: <123, Q2: 124–142, Q3: 143–159, Q4: 160–179, Q5: ≥180mg/dl for men,
and Q1: <125, Q2: 125–142, Q3: 143–164, Q4: 165–188, Q5: ≥189mg/dl for women.

Dyslipidemia and Cardiovascular Disease in Japan264

J Epidemiol 2010;20(4):259-265

http://www.ncbi.nlm.nih.gov/sites/entrez?cmd=Retrieve&db=PubMed&list_uids=2342536&dopt=Abstract
http://www.ncbi.nlm.nih.gov/sites/entrez?cmd=Retrieve&db=PubMed&list_uids=2342536&dopt=Abstract
http://www.ncbi.nlm.nih.gov/sites/entrez?cmd=Retrieve&db=PubMed&list_uids=19749493&dopt=Abstract
http://www.ncbi.nlm.nih.gov/sites/entrez?cmd=Retrieve&db=PubMed&list_uids=12788299&dopt=Abstract
http://www.ncbi.nlm.nih.gov/sites/entrez?cmd=Retrieve&db=PubMed&list_uids=12788299&dopt=Abstract
http://www.ncbi.nlm.nih.gov/sites/entrez?cmd=Retrieve&db=PubMed&list_uids=11368702&dopt=Abstract
http://www.ncbi.nlm.nih.gov/sites/entrez?cmd=Retrieve&db=PubMed&list_uids=11368702&dopt=Abstract
http://www.ncbi.nlm.nih.gov/sites/entrez?cmd=Retrieve&db=PubMed&list_uids=18603816&dopt=Abstract
http://dx.doi.org/10.1253/circj.71.1667
http://www.ncbi.nlm.nih.gov/sites/entrez?cmd=Retrieve&db=PubMed&list_uids=7454697&dopt=Abstract
http://www.ncbi.nlm.nih.gov/sites/entrez?cmd=Retrieve&db=PubMed&list_uids=15166389&dopt=Abstract


Japanese cohort. Atherosclerosis. 2007;190:216–23.
10. Okamura T, Hayakawa T, Kadowaki T, Kita Y, Okayama A,

Ueshima H; NIPPON DATA90 Research Group. The inverse
relationship between serum high-density lipoprotein cholesterol
level and all-cause mortality in a 9.6-year follow-up study in the
Japanese general population. Atherosclerosis. 2006;184:143–50.

11. Nakamura M, Koyama I, Iso H, Sato S, Okazaki M, Kiyama M,
et al. Measurement performance of reagent manufacturers
by Centers for Disease Control and Prevention/Cholesterol
Reference Method Laboratory Network lipid standardization
specified for metabolic syndrome-focused health checkups
program in Japan. J Atheroscler Thromb. 2009;16:756–63.

12. Katz S, Downs TD, Cash HR, Grotz RC. Progress in develop-
ment of the index of ADL. Gerontologist. 1970;10:20–30.

13. Okamura T, Kokubo Y, Watanabe M, Higashiyama A,
Miyamoto Y, Yoshimasa Y, et al. Low-density lipoprotein
cholesterol and non-high-density lipoprotein cholesterol and the
incidence of cardiovascular disease in an urban Japanese cohort
study: The Suita study. Atherosclerosis. 2009;203:587–92.

14. Okamura T, Kokubo Y, Watanabe M, Higashiyama A, Ono Y,
Miyamoto Y, et al. Triglycerides and non-high-density lipo-
protein cholesterol and the incidence of cardiovascular disease in
an urban Japanese cohort: the Suita study. Atherosclerosis.
2010;209:290–4.

15. Watanabe M, Okamura T, Kokubo Y, Higashiyama A, Okayama
A. Elevated serum creatine kinase predicts first-ever myocardial
infarction: a 12-year population-based cohort study in Japan, the
Suita study. Int J Epidemiol. 2009;38:1571–9.

16. Kokubo Y, Nakamura S, Okamura T, Yoshimasa Y, Makino H,
Watanabe M, et al. Relationship between blood pressure
category and incidence of stroke and myocardial infarction in
an urban Japanese population with and without chronic kidney
disease: the Suita Study. Stroke. 2009;40:2674–9.

17. WHO. MONICA manual. CVD/MNC/version 1.1, 1986 Dec.
Geneva: WHO; 1987 Jan. Section 4, Event registration data
component; p 1–104 (S-4).

18. Walker AE, Robins M, Weinfeld FD. The National Survey of
Stroke. Clinical findings. Stroke. 1981;12 (2 Pt 2 Suppl
1):I13–44.

19. Yoshizawa H. Trends of hepatitis virus carriers. Hepatol Res.
2002;24:S28–39.

20. Tanaka H, Tsukuma H, Yamano H, Oshima A, Shibata H.
Prospective study on the risk of hepatocellular carcinoma
among hepatitis C virus-positive blood donors focusing
on demographic factors, alanine aminotransferase level at
donation and interaction with hepatitis B virus. Int J Cancer.
2004;112:1075–80.

21. Mao X, Okamura T, Choudhury SR, Kita Y, Kadowaki T,
Okayama A, et al. What unfavorable factors are associated
with low serum total cholesterol in a Japanese population? J
Epidemiol. 2002;12:271–9.

22. Okamura T, Sekikawa A, Kadowaki T, El-Saed A, Abbott RD,
Curb JD, et al. Cholesteryl ester transfer protein, coronary

calcium, and intima-media thickness of the carotid artery in
middle-age Japanese men. Am J Cardiol. 2009;104:818–22.

23. Curb JD, Abbott RD, Rodriguez BL, Masaki K, Chen R, Sharp
DS, et al. A prospective study of HDL-C and cholesteryl ester
transfer protein gene mutations and the risk of coronary heart
disease in the elderly. J Lipid Res. 2004;45:948–53.

24. Moriyama Y, Okamura T, Inazu A, Doi M, Iso H, Mouri Y, et al.
A low prevalence of coronary heart disease among subjects with
increased high-density lipoprotein cholesterol levels, including
those with plasma cholesteryl ester transfer protein deficiency.
Prev Med. 1998;27:659–67.

25. Okamura T, Hayakawa T, Hozawa A, Kadowaki T, Murakami
Y, Kita Y, et al. Lower levels of serum albumin and total
cholesterol associated with decline in activities of daily living
and excess mortality in a 12-year cohort study of elderly
Japanese. J Am Geriatr Soc. 2008;56:529–35.

26. Phillips A, Shaper AG, Whincup PH. Association between
serum albumin and mortality from cardiovascular disease, cancer
and other causes. Lancet. 1989;2:1434–6.

27. Reuben DB, Ix JH, Greendale GA, Seeman TE. The predictive
value of combined hypoalbuminemia and hypocholesterolemia
in high functioning community-dwelling older persons:
MacArthur Studies of Successful Aging. J Am Geriatr Soc.
1999;47:402–6.

28. Schalk BW, Visser M, Deeg DJ, Bouter LM. Lower levels of
serum albumin and total cholesterol and future decline in
functional performance in older persons: the Longitudinal Aging
Study Amsterdam. Age Ageing. 2004;33:266–72.

29. Weijenberg MP, Feskens EJ, Souverijn JH, Kromhout D. Serum
albumin, coronary heart disease risk, and mortality in an elderly
cohort. Epidemiology. 1997;8:87–92.

30. Okamura T, Hayakawa T, Kadowaki T, Kita Y, Okayama A,
Elliott P, et al. A combination of serum low albumin and above-
average cholesterol level was associated with excess mortality. J
Clin Epidemiol. 2004;57:1188–95.

31. Liu J, Sempos CT, Donahue RP, Dorn J, Trevisan M,
Grundy SM. Non-high-density lipoprotein and very-low-
density lipoprotein cholesterol and their risk predictive values
in coronary heart disease. Am J Cardiol. 2006;98:1363–8.

32. Chien KL, Hsu HC, Su TC, Chen MF, Lee YT, Hu FB.
Apolipoprotein B and non-high density lipoprotein cholesterol
and the risk of coronary heart disease in Chinese. J Lipid Res.
2007;48:2499–505.

33. Matsumoto M, Ishikawa S, Kayaba K, Gotoh T, Nago N,
Tsutsumi A, et al. Risk charts illustrating the 10-year
risk of myocardial infarction among residents of Japanese
rural communities: the JMS Cohort Study. J Epidemiol.
2009;19:94–100.

34. Ishikawa S, Matsumoto M, Kayaba K, Gotoh T, Nago N,
Tsutsumi A, et al. Risk charts illustrating the 10-year risk of
stroke among residents of Japanese rural communities: the JMS
Cohort Study. J Epidemiol. 2009;19:101–6.

Okamura T. 265

J Epidemiol 2010;20(4):259-265

http://www.ncbi.nlm.nih.gov/sites/entrez?cmd=Retrieve&db=PubMed&list_uids=16529754&dopt=Abstract
http://www.ncbi.nlm.nih.gov/sites/entrez?cmd=Retrieve&db=PubMed&list_uids=15913635&dopt=Abstract
http://www.ncbi.nlm.nih.gov/sites/entrez?cmd=Retrieve&db=PubMed&list_uids=19763016&dopt=Abstract
http://www.ncbi.nlm.nih.gov/sites/entrez?cmd=Retrieve&db=PubMed&list_uids=5420677&dopt=Abstract
http://www.ncbi.nlm.nih.gov/sites/entrez?cmd=Retrieve&db=PubMed&list_uids=18783774&dopt=Abstract
http://www.ncbi.nlm.nih.gov/sites/entrez?cmd=Retrieve&db=PubMed&list_uids=19801148&dopt=Abstract
http://www.ncbi.nlm.nih.gov/sites/entrez?cmd=Retrieve&db=PubMed&list_uids=19801148&dopt=Abstract
http://www.ncbi.nlm.nih.gov/sites/entrez?cmd=Retrieve&db=PubMed&list_uids=19556328&dopt=Abstract
http://www.ncbi.nlm.nih.gov/sites/entrez?cmd=Retrieve&db=PubMed&list_uids=19478215&dopt=Abstract
http://www.ncbi.nlm.nih.gov/sites/entrez?cmd=Retrieve&db=PubMed&list_uids=7222164&dopt=Abstract
http://www.ncbi.nlm.nih.gov/sites/entrez?cmd=Retrieve&db=PubMed&list_uids=7222164&dopt=Abstract
http://dx.doi.org/10.1016/S1386-6346(02)00038-4
http://dx.doi.org/10.1016/S1386-6346(02)00038-4
http://www.ncbi.nlm.nih.gov/sites/entrez?cmd=Retrieve&db=PubMed&list_uids=15386355&dopt=Abstract
http://www.ncbi.nlm.nih.gov/sites/entrez?cmd=Retrieve&db=PubMed&list_uids=15386355&dopt=Abstract
http://www.ncbi.nlm.nih.gov/sites/entrez?cmd=Retrieve&db=PubMed&list_uids=12164332&dopt=Abstract
http://www.ncbi.nlm.nih.gov/sites/entrez?cmd=Retrieve&db=PubMed&list_uids=12164332&dopt=Abstract
http://www.ncbi.nlm.nih.gov/sites/entrez?cmd=Retrieve&db=PubMed&list_uids=19733717&dopt=Abstract
http://www.ncbi.nlm.nih.gov/sites/entrez?cmd=Retrieve&db=PubMed&list_uids=14967821&dopt=Abstract
http://www.ncbi.nlm.nih.gov/sites/entrez?cmd=Retrieve&db=PubMed&list_uids=9808796&dopt=Abstract
http://www.ncbi.nlm.nih.gov/sites/entrez?cmd=Retrieve&db=PubMed&list_uids=18179493&dopt=Abstract
http://www.ncbi.nlm.nih.gov/sites/entrez?cmd=Retrieve&db=PubMed&list_uids=2574367&dopt=Abstract
http://www.ncbi.nlm.nih.gov/sites/entrez?cmd=Retrieve&db=PubMed&list_uids=10203113&dopt=Abstract
http://www.ncbi.nlm.nih.gov/sites/entrez?cmd=Retrieve&db=PubMed&list_uids=10203113&dopt=Abstract
http://www.ncbi.nlm.nih.gov/sites/entrez?cmd=Retrieve&db=PubMed&list_uids=15082432&dopt=Abstract
http://www.ncbi.nlm.nih.gov/sites/entrez?cmd=Retrieve&db=PubMed&list_uids=9116102&dopt=Abstract
http://www.ncbi.nlm.nih.gov/sites/entrez?cmd=Retrieve&db=PubMed&list_uids=15612140&dopt=Abstract
http://www.ncbi.nlm.nih.gov/sites/entrez?cmd=Retrieve&db=PubMed&list_uids=15612140&dopt=Abstract
http://www.ncbi.nlm.nih.gov/sites/entrez?cmd=Retrieve&db=PubMed&list_uids=17134630&dopt=Abstract
http://www.ncbi.nlm.nih.gov/sites/entrez?cmd=Retrieve&db=PubMed&list_uids=17698856&dopt=Abstract
http://www.ncbi.nlm.nih.gov/sites/entrez?cmd=Retrieve&db=PubMed&list_uids=17698856&dopt=Abstract
http://www.ncbi.nlm.nih.gov/sites/entrez?cmd=Retrieve&db=PubMed&list_uids=19265268&dopt=Abstract
http://www.ncbi.nlm.nih.gov/sites/entrez?cmd=Retrieve&db=PubMed&list_uids=19265268&dopt=Abstract
http://www.ncbi.nlm.nih.gov/sites/entrez?cmd=Retrieve&db=PubMed&list_uids=19265267&dopt=Abstract

