Hypertension *in.

-
JOURNAL OF THE AMERICAN HEART ASSOCIATION Learn and leesu

Relation of Blood Pressure and All-Cause Mortality in 180 000 Japanese
Participants: Pooled Analysis of 13 Cohort Studies
Yoshitaka Murakami, Atsushi Hozawa, Tomonori Okamura, Hirotsugu Ueshima and
the Evidence for Cardiovascular Prevention From Observational Cohorts in Japan
Research Group (EPOCH-JAPAN)
Hypertension 2008;51;1483-1491; originally published online Apr 28, 2008;

DOI: 10.1161/HYPERTENSIONAHA.107.102459
Hypertension is published by the American Heart Association. 7272 Greenville Avenue, Dallas, TX
72514
Copyright © 2008 American Heart Association. All rights reserved. Print ISSN: 0194-911X. Online
ISSN: 1524-4563

The online version of this article, along with updated information and services, is
located on the World Wide Web at:
http://hyper.ahajournals.org/cgi/content/full/51/6/1483

Subscriptions: Information about subscribing to Hypertension is online at
http://hyper.ahajournals.org/subscriptions/

Permissions: Permissions & Rights Desk, Lippincott Williams & Wilkins, a division of Wolters
Kluwer Health, 351 West Camden Street, Baltimore, MD 21202-2436. Phone: 410-528-4050. Fax:
410-528-8550. E-mail:

journalpermissions@Ilww.com

Reprints: Information about reprints can be found online at
http://www.lww.com/reprints

157



Relation of Blood Pressure and All-Cause Mortality in
180 000 Japanese Participants
Pooled Analysis of 13 Cohort Studies

Yoshitaka Murakami, Atsushi Hozawa, Tomonori Okamura, Hirotsugu Ueshima; and the Evidence for
Cardiovascular Prevention From Observational Cohorts in Japan Research Group (EPOCH-JAPAN)

Abstract—Hypertension is a leading cause of death because of cardiovascular disease and predominantly affects total
mortality. To reduce avoidable deaths from hypertension, we need to collect blood pressure data and assess their impact
on total mortality. To examine this issue, a meta-analysis of 13 cohort studies was conducted in Japan. Poisson
regression was used for estimating all-cause mortality rates and ratios. In the model, blood pressure data were treated
as continuous (10-mm Hg increase) and categorical (every 10 mm Hg) according to recommendations of the Seventh
Joint National Committee on Prevention, Detection, Evaluation, and Treatment of Hypertension. Potential confounders
included body mass index, smoking, drinking, and cohort. The impact of hypertension was measured by the
population-attributable fraction. After excluding participants with cardiovascular disease history, 176 389 participants
were examined in the analysis. Adjusted mortality rates became larger as the blood pressure increased, and these were
more distinct in younger men and women. IHazard ratios also showed the same trends, and these trends were more
apparent in younger men (hazard ratio [unit: 10-mm Hg increase| aged 40 to 49 years: systolic blood pressure 1.37
(range: 1.15 to 1.62); diastolic blood pressure 1.46 [range: 1.05 to 2.03]) than older ones (hazard ratio: aged 80 to 89
years: systolic blood pressure 1.09 [range: 1.05 to 1.13]and diastolic blood pressure 1.12 [range: 1.03 to 1.22]).
Population-attributable fraction of hypertension was =20% when the normal category was used as a reference level and
was 10% when we included the prehypertension group in the reference level. In conclusion, high blood pressure raised the
risk of total mortality, and this trend was higher in the younger Japanese population. (Hypertension. 2008;51:1483-1491.)
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High blood pressure is a well-established leading cause of
cardiovascular disease mortality. The contribution of
hypertension to total mortality is also large,! and the impor-
tance of management of hypertension is widely accepted not
only in clinical practice but also in public health practice.
Before measures for reducing hypertension are implemented,
more information about the relationship between hyperten-
sion and total mortality is needed. For example, one study
found that the hazard ratio of cardiovascular disease in those
with high blood pressure was larger in younger than in older
participants,® suggesting that the contribution of high blood
pressure to mortality differed at different ages. The examina-
tion of this important issue requires a large number of
participants, and a single cohort study estimating this contri-
bution is limited by small sample size. The Joint National
Committee of Hypertension 7 (JNC-7) also mentioned the
importance of the risk of mortality and the contribution of
prehypertension to total mortality.® The relation between
blood pressure and total mortality is, therefore, of great

interest. It is difficult to address this issue in a single cohort
study, because few events can be observed in cohorts sub-
grouped, eg, by age or prehypertension status. A large-scale
cohort study could answer these questions, but the huge
amount of cost and effort involved represent serious obsta-
cles. Meta-analysis using data on individual participants* is
an efficient way to deal with this issue, and the approach
has been used in studies of cardiovascular disease
epidemiology.>5¢

In Japan, meta-analysis of individual participants” data for
cardiovascular disease was conducted in the Japanese popu-
lation. The study, called Evidence for Cardiovascular Preven-
tion From Observational Cohorts in Japan (EPOCH-JAPAN),
included 13 cohort studies of existing Japanese cohorts. The
total number of EPOCH-JAPAN participants was 188 321,
with =10 years of follow-up. The purpose of this study was
to examine sex- and age-specific hazard ratios and the effect
of blood pressure on total mortality and to estimate the
contribution of high blood pressure to all-cause death by
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Table 1. Baseline Characteristics of Study Participants in Each Cohort: EPOCH-JAPAN
Blood Pressure
Follow-Up Age at Study
Source of Baseline Periods Entry Systolic Diastolic
Geographic Location Survey, Year, o No. of

Cohort Name (Prefecture) Reference(s) Average  SD  Participants  Average SD  Average SD  Average SD

Men
Tanno-Sobetsu Hokkaido 197778 18 5 840 51 7 132 20 82 10
Osaki Miyagi 1994° 6 1 6918 63 10 133 17 80 1
Dhasama Iwate 1987" 10 3 122 61 1" 135 17 76 1"
Oyabe Ishikawa 1988" 10 2 1509 61 10 131 20 79 1
YKK workers Toyama 1990 1" 2 N7 51 ] i1 15 74 12
SPMI cohort Shiga 1989-1991" 9 3 1939 54 8 133 18 81 1
Suita Osaka 198948 6 2 2339 60 1 131 21 80 12
RERF cohort Hiroshima 1986' 14 5 1506 60 13 135 22 85 12
Hisayama Fukuoka 1988" 10 3 1113 58 12 135 20 81 1"
JACC study Nationwided 1988-1990'" 9 2 11 041 58 10 135 19 81 1
NIPPON DATA80 Nationwidet 1980" 16 5 3161 56 11 142 22 85 12
NIPPON DATA90 Nationwided 1990% 9 2 2759 57 1 140 20 85 12
Ibaraki Ibaraki 199372 10 2 33134 61 10 137 17 81 1"
Total 10 3 70 558 60 10 135 19 81 1"

Women
Tanno-Sobetsu Hokkaido 197778 18 4 971 51 7 134 20 82 10
Osaki Miyagi 1994° 6 1 9312 62 9 130 18 78 1
Ohasama Iwate 1987™ 10 2 1678 60 10 130 17 73 1
QOyabe Ishikawa 1988" 10 1 3208 58 10 126 20 75 11
YKK workers Toyama 1990 1" 2 1724 50 6 115 15 70 1"
SPMI cohort Shiga 1989-1991" 3 2596 55 8 132 17 79 10
Suita Osaka 1989'1% 2 2619 58 1 129 22 77 12
RERF cohort Hiroshima 1986'¢ 15 5 21 63 12 135 23 81 12
Hisayama Fukuoka 1988" 1 3 1518 59 12 133 22 76 11
JACC study Nationwidet 1988-1990" 10 2 19210 57 9 132 19 78 1"
NIPPON DATAB0 Nationwidef 1980" 17 4 4020 56 1" 139 22 81 12
NIPPON DATA90 Nationwidef 1990% 10 2 3697 58 12 138 20 81 12
Ibaraki Ibaraki 1993%# 10 2 63 909 59 10 132 18 78 1
Total 10 3 117 583 58 10 132 19 78 1

(Continued)

*In the studies of Tanno-Sobetsu, Ohasama, and Oyabe, ex-smokers were classified as never-smokers.
Tin the studies of Tanno-Sobetsu, Ohasama, and Oyabe, ex-drinkers were classified as never-drinkers.
{in this nationwide cohort study, study participants were from all areas of Japan.

performing a meta-analysis of the data from 13 population-
based cohort studies conducted in Japan.

Study Participants and Methods

Study Cohorts

The EPOCH-JAPAN Study is the pooled analysis of 13 cohort
studies examining the relation between health measures (laboratory
measures and lifestyle and behavioral factors) and disease (mortality
and incidence) in the Japanese population. The criteria for inclusion
of meta-analysis were as follows: collection of health examination
measures, follow-up of =10 years, and a number of participants
>1000 persons. Both nationwide and single-site cohort studies were
included. The name of each cobort study??2? is listed in Table 1.
Inclusion criteria for participants were age at entry (40 to 90 years
old) and availability of information about sex, age at entry, systolic
blood pressure, and diastolic blood pressure. Since the end of
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follow-up varied between cohorts, we limited age ranges of
follow-up from 40 to 90 years, and the end of the observation period
was set at age 90 years.

Statistical Methods
Hazard ratios for total mortality were estimated in men and women
separately. Participants were stratified into 10-year age groups from
40 to 80 years, and a statistical model was made to analyze the data
of each age group separately. They were also divided on the basis of
systolic blood pressure (SBP) into 10-mm Hg groups from
<120 mm Hg to =160 mm Hg and on the basis of diastolic blood
pressure (DBP) into 10-mm Hg groups from <70 mm Hg to
=100 mm Hg. The lowest blood pressure group (<120 mm Hg for
SBP and <<70 mm Hg for DBP) served as the reference group.

A Poisson regression model was constructed for each sex and age
group. When we analyzed the sex-combined results, we included sex
in the model. In the model, we analyzed continuous and categorical
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Table 1. Continued
Smoking Status* Drinking Statust Body Mass Index No. of
All-Cause
Never Past Current Missing Never Past Current Missing Average SD Mortality
228 0 522 90 214 0 533 93 23 3 130
1413 1996 3188 321 1048 556 5114 200 24 3 548
585 0 537 0 459 0 663 0 23 3 250
689 0 820 0 392 416 701 0 23 3 270
809 494 1874 0 562 38 2577 0 23 3 73
544 229 1164 2 398 0 1529 12 23 3 150
423 72 1105 39 504 a9 1699 37 23 3 169
19 417 71 177 203 86 963 254 22 3 614
228 329 556 0 369 70 673 1 23 3 180
2392 2639 5590 420 2074 572 8069 326 23 3 1402
578 655 1922 6 657 219 2279 22 3 994
605 708 1446 0 962 206 1591 0 23 3 412
7376 9190 16 567 1 9629 2039 21 465 1 23 3 4688
16 061 17 429 36012 1056 17 471 4301 47 856 930 23 3 9880
804 0 65 102 792 0 76 103 24 3 85
6706 120 355 2131 5617 225 1646 1824 24 3 302
1639 0 39 0 1584 0 94 0 24 3 194
3126 0 82 0 2770 399 39 0 23 3 255
1693 9 22 0 1320 7 397 0 22 3 18
2467 14 87 28 2049 0 520 27 23 3 65
2173 87 279 80 1727 39 783 70 23 3 85
2602 96 296 127 1605 47 951 518 23 4 889
1382 31 106 0 1366 17 133 2 23 3 123
16 989 208 656 1357 14 559 223 3535 893 23 3 997
3573 91 352 4 3236 59 T S 8 23 3 790
3284 87 326 0 3443 35 219 0 23 3 312
60 357 462 3088 2 57783 125 5999 2 24 3 3762
106 795 1205 5752 3831 97 851 1176 15109 3447 24 3 7877

blood pressure data to estimate the hazard ratio. Body mass index,
smoking status (smokers, ex-smokers, or never-smokers), drinking
status (drinkers, ex-drinkers or never-drinkers), and cohort were
included in the model as confounders. Person-years of observation
was separated into 5 categories (1 for every 10 years from age 40 to
age 80 years) and used as an offset variable in Poisson regression.
Multivariate adjusted mortality rates were estimated from the Pois-
son regression. Mortality rates among groups were calculated after
adjusting for the population-averaged effects of confounders (eg,
smoking, drinking, and mean body mass index).

The MacMahon and Peto method was used to correct for
regression dilution bias of blood pressure.#23 The dilution factors
of blood pressure were derived from longitudinal blood pressure
measurements made by the Ohasama Study that followed 1900
participants from 1999 to 2002. From the data, the calculated
regression dilution ratio was 0.59 for SBP and 0.48 for DBP.
Hazard ratio for total mortality according to the INC-7 definition
was also estimated in the analysis. The prehypertension
(120=SBP<140 mm Hg or 80=DBP<9) mm Hg), hypertension

stage | (140=SBP<160 mm Hg or 90=DBP<100 mm Hg), and
hypertension stage 2 (160 mm Hg=SBP or 100 mm Hg=DBP)
groups were compared with the normal reference groups
(<120 mm Hg for SBP and <80 mm Hg for DBP).

The population-attributable fraction of high blood pressure ac-
cording to the JNC 7 classification was calculated from the hazard
ratio. Two reference levels (the normal and below prehypertension
[normal plus prehypertension]) and the excess hazard ratio were used
to calculate the population-attributable fraction. The prevalence of
hypertension was set as the total number of participants in this
study.?* All of the statistical analysis was performed using SAS
release 9.13 (SAS Institute Inc).

Results
Table 1 shows baseline characteristics of participants in each
cohort. There were 188 141 participants (men: 70 558;
women: 117 583). Average age at study entry was 59.6 years
in men and 58.4 years in women, and the average follow-up

~— 160 —
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Figure. Relation between blood pressure and multivariate-adjusted mortality rate by age range. Each dot represents a multivariate esti-
mate of mortality rate after adjusting for smoking, drinking, and body mass index, and each line shows the 95% Cl. The number of
events in each age category are as follows: men aged 40 to 49 years: 137; age 50 to 59 years: 566; age 60 to 69 years: 1900; age 70
to 79 years: 3782; age 80 to 89 years: 2183; women aged 40 to 49 years: 128; age 50 to 59 years: 518; age 60 to 69 years: 1392; age

70 to 79 years: 2708; age 80 to 89 years: 2258.

period was 9.6 years in men and 9.9 years in women. The
total number of deaths (all-cause) was 17 757 (men: 9880;
women: 7877). The characteristics of the cohorts were simi-
lar, and no apparent differences in hazard ratio were found at
cach blood pressure level. In our study, we analyzed partic-
ipants without cardiovascular disease history. Because there
was no information of cardiovascular disease history in the
Tanno-Sobetsu cohort, we excluded these participants, and,
therefore, 176 389 (male: 65 463; female: 110 926) partici-
pants were investigated in our study.

The Figure shows the relation between blood pressure and
multivariate-adjusted hazard rate for total mortality. In almost
every age group, mortality rate was higher at a higher SBP
level and higher DBP levels. The difference in absolute
mortality rate between the highest and lowest blood pressure
groups was larger in older than in younger participants. The
results did not change even when we excluded the partici-
pants who did not take antihypertensive medication.

Table 2 shows the multivariate-adjusted mortality ratio for
all-cause mortality for each 10-mm Hg blood pressure in-
crease. In all of the age groups and categories, the hazard
ratios were statistically significant. The hazard ratio was
larger in the younger group than in the older group. The effect
of modifying age was apparent when we included the
interaction terms of age and blood pressure into the model
(men: P<<0.01 in both SBP and DBP; women: P=0.02 in
SBP and P=0.05 in DBP). Although we excluded body mass
index or alcohol drinking from confounding factors, our
result did not changed largely.

Table 3 shows the multivariate-adjusted hazard ratio for
all-cause mortality according to INC-7 criteria. Although
they fluctuated in some categories to some extent, hazard
ratio gradually increased in all of the sex and age categories.
With some exceptions, the hazard ratio in groups with
hypertension was consistently higher for almost every age
range in both men and women.
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Table 2. Multivariate-Adjusted Hazard Ratio of All-Cause Mortality According to Age and 10-mm Hg Blood Pressure

Increase During an Average 9.8 Years of Follow-Up

SBP Hazard Ratio (95% CI)

DBP Hazard Ratio (95% Cl)

Sex Age Category, y No. of Deaths
Men 401049 137
50 to 59 566
60 to 69 1900
70t0 79 3782
80 to 89 2183
Women 4010 49 128
50 to 59 518
60 to 69 1392
701079 2708
80 to 89 2258
Men and women combined 40 to 49 265
5010 59 1084
60 to 69 3292
701079 6490
80 to 89 4441

1.37 (1.1510 1.62)
1.23 (1.14 10 1.33)
1.16 (1.11 to 1.21)
1.14(1.11t0 1.17)
1.09(1.0510 1.13)
1.19(1.00 to 1.41)
1.16 (1.07 to 1.26)
1.21 (11510 1.27)
1.12(1.08 to 1.16)
1.07 (1.03 10 1.11)
1.27 (1.13 10 1.44)
1.20 (1.14 10 1.27)
1.18 (1.1510 1.22)
113 (1.1 10 1.16)
1.08 (1.0510 1.11)

1.46 (1.05 to0 2.03)
1.42 (1.21 10 1.65)
1.28 (1.17 to 1.40)
1.21(1.13101.29)
1.12(1.03 to 1.22)
1.40 (1.00 to 1.95)
1.38 (1.17 to 1.64)
129 (1.16 to 1.44)
1.25(1.1510 1.35)
1.12(1.03101.22)
1.42 (1.12 to 1.80)
1.40 (1.25to 1.58)
1.29 (1.20 10 1.38)
1.22(1.16t0 1.29)
112 (1.05t0 1.19)

Poisson regression models were used for estimating hazard ratio after adjusting for smoking, drinking and body mass index. To correct regression
dilution bias, parameter estimates were multiplied by regression dilution factors (SBP: 0.59; DBP: 0.48). Unadjusted hazard ratios of SBP were as
follows: men aged 40 to 49: 1.21 (1.09 to 1.34), 50 to 59: 1.14 (1.08 to 1.19), 60 to 69: 1.09 (1.07 to 1.12), 70 to 79: 1.08 (1.06 to 1.10), 80 to
89: 1.05 (1.03 to 1.08); women aged 40 to 49: 1.11 (1.00 to 1.23), 50 to 59: 1.10 (1.04 to 1.15), 60 to 69: 1.12 (1.09 to 1.15), 70 to 79: 1.07 (1.05
to 1.09), 80 to 89: 1.04 (1.02 to 1.07); men and women combined aged 40 to 49: 1.16 (1.08 to 1.25), 50 to 59: 1.12 (1.08 to 1.16), 60 to 69: 1.11
(1.09 to 1.13), 70 to 79: 1.08 (1.06 to 1.09), 80 to 89: 1.05 (1.03 to 1.06). Unadjusted hazard ratios of DBP were as follows: men aged 40 to 49:
1.20 (1.02 to 1.40), 50 to 59: 1.18 (1.10 to 1.27), 60 to 69: 1.13 (1.08 to 1.18), 70 to 79: 1.09 (1.06 to 1.13), 80 to 89: 1.06 (1.01 to 1.10); women
aged 40 to 49: 1.17 (1.00 to 1.38), 50 to 69: 1.17 (1.08 1o 1.27), 60 to 69: 1.13 (1.07 to 1.19), 70 to 79: 1.11 (1.07 to 1.15), 80 to 89: 1.06 (1.01
to 1.10); men and women combined aged 40 to 49: 1.18 (1.06 to 1.33), 50 to 59: 1.18 (1.11 to 1.24), 60 to 69: 1.13 (1.09 to 1.17), 70 to 79: 1.10

(1.08 to 1.13), 80 to 89: 1.06 (1.03 to 1.09).

The population-attributable fraction for each age range was
similar in men and women. In men, except for age 80 to 89
years, 10.5%, the population-attributable fraction was =20%
Lo 30%. Except for the lowest population-attributable fraction
in women aged 40 to 49 and aged 80 to 89 years, the
population-attributable fraction was =~10% to 20%. For the
overall population, the population-attributable fraction of
nonnormal blood pressure was 22.7% in men and 17.9% in
women. The population-attributable fraction became smaller
when the reference was the combination of normal and
prehypertension groups as compared with the normal group
alone.

Discussion

On the basis of a meta-analysis of individual data from
176 389 Japanese participants, we confirmed that high blood
pressure affects total mortality in all age categories. We found
that there was an apparent effect modification by age and
blood pressure and that hazard ratio was higher in younger
than in older groups. We also examined the impact of primary
prevention of high blood pressure on total mortality by
calculating the population-attributable fraction and found that
it was considerable in both men and women.

Blood pressure values are known to be relatively higher in
Japan than other developed countries. This situation still
exists although values have dropped dramatically.s One third
of Japanese men and women died from cardiovascular dis-
cases,” and Japan has one of the highest stroke mortalities
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among developed countries.?” Thus, the contribution of high
blood pressure to all-cause mortality should be higher in
Japan than other countries. Thus, it should be important to
know how many all-cause deaths are attributable to high
blood pressure in different age groups. Our huge data sel from
180 000 participants can be used to show the health conse-
quence of high blood pressure in Japan. Each of our cohort
studies was well administered and provided reliable data sets,
The cohort studies were conducted all over Japan, confirming
that our results are applicable to the general population in
Japan.

Prospective studies collaboration showed that the relation
of blood pressure to cardiovascular discase mortality was
stronger in younger than in older subjects.? Recent studies in
Japan showed that risk (all causes and cardiovascular discase)
of high blood pressure in the Japanese population has
increased.?!?%2 The increasing trends in age-specific®® and
age-adjusted® hazard ratios were observed in nationwide
cohort studies, and sex- and age- (aged 40 (o 59 years and
aged 60 to 79 years) specific hazard ratios showed increasing
trends in the large-scale cohort study of the Tbaraki prefec-
ture.?! These studies raised the possibility that the association
of blood pressure with all-cause mortality was stronger in the
younger than in the older Japanese population. A data sct
from a huge population after fine age stratification could be
used to prove findings that were never shown in Asian
(Japanese) populations. We found significant interaction
between age and blood pressure for all-cause mortality. This
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Table 3. Multivariate Adjusted Hazard Ratio of All-Cause Mortality According to JNC-7 Classification, During Average 9.8 Years of

Follow-Up
Classification of Blood Pressure
PAF (%) PAF (%)
Age Hypertension Hypertension (Reference: (Reference: Normal+
Sex Category Variable Normal Prehypertention (Stage 1) (Stage 2) Normal) Prehypertension
Men 4010 49 Total deaths 23 67 26 21 30.2 88
Person-years 18 883 36 082 15 004 4899
Hazard ratio 1 1.45 1.28 3.38
95% Cl (0.89 to 2.38) (0.70 to 2.34) (1.76 to 6.50)
5010 59 Total deaths 101 222 144 a9 18.9 131
Person-years 32508 66 316 38648 15 206
Hazard ratio 1 17 1.27 2.24
95% Cl (0.87 to 1.41) (0.97t01.67) (1.67103.02)
60 to 69 Total deaths 198 691 644 367 25.7 113
Person-years 28313 79 508 69 671 30 000
Hazard ratio 1 1.26 1.39 1.82
95% Cl (1.07 t0 1.48) (1.18t01.64) (1.521t02.18)
70t0 79 Total deaths 3 1194 1485 762 21.3 139
Person-years 16141 55249 60031 25027
Hazard ratio 1 112 1.36 1.60
95% Cl (0.99t01.27) (1.20 t0 1.53) (1.40 10 1.83)
801089 Total deaths 182 660 844 497 10.5 7.0
Person-years 2812 10 787 13091 6082
Hazard ratio 1 1.05 1.1 1.3
95% Cl (0.88 t0 1.25) (0.93 10 1.31) (1.09 10 1.57)
Women 4010 49 Total deaths 48 53 21 6 9.6 5.6
Person-years 56 053 59 660 17701 4817
Hazard ratio 1 1.09 1.42 1.44
95% Cl (0.73 t0 1.62) (0.83 to 2.45) (0.60 to 3.45)
5010 59 Total deaths 119 227 122 50 23.8 86
Person-years 86 823 126 087 59 029 18 531
Hazard ratio 1 1.33 1.56 1.85
95% Cl (1.06 10 1.68) (1.19 10 2.04) (1.30 to 2.64)
60 to 69 Total deaths 204 513 435 240 22.3 13.8
Person-years 66 277 146 391 108 093 36 453
Hazard ratio 1 1.16 1.35 213
95% Cl (0.98 t0 1.37) (114101.62)  (1.74 10 2.60)
70t0 79 Total deaths 289 876 1037 506 11.8 13.3
Person-years 28708 91 539 a1 441 33945
Hazard ratio 1 0.98 1.20 1.48
95% Cl (0.85t01.12) (1.05 10 1.38) (1.27 10 1.72)
8010 89 Total deaths 195 689 841 533 57 6.2
Person-years 4702 17 815 21342 10758
Hazard ratio 1 0.99 1.07 197
95% Cl (0.84101.18) (0.90t0 1.27) (0.98 to 1.40)
Men and women 4010 49 Total deaths 7 120 47 27 18.1 7.6
Qe Person-years 74 936 95 742 32705 9716
Hazard ratio 1 1.22 1.28 2.48
95% Cl (0.90 to 1.65) (0.861t01.91)  (1.53104.04)
(Continued)
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Table 3. Continued
Classification of Blood Pressure
PAF (%) PAF (%)
Age Hypertension Hypertension (Reference: (Reference: Normal+
Sex Category Variable Normal  Prehypertention (Stage 1) (Stage 2) Normal) Prehypertension
5010 59 Total deaths 220 449 266 149 221 113
Person-years 119 331 192 403 97 677 33737
Hazard ratio 1 1.22 1.42 215
95% Cl (1.03 t0 1.45) (11710 1.72) (1.72 to 2.69)
60 to 69 Total deaths 402 1204 1079 607 248 13.2
Person-years 94 590 225 899 177 764 66 453
Hazard ratio 1 122 1.39 1.95
95% Cl (1.09101.37) (1.23 10 1.57) (1.70 t0 2.23)
701079 Total deaths 630 2070 2522 1268 174 14.0
Person-years 44 849 146 788 151 472 58 972
Hazard ratio i 1.06 1.29 1.54
95% Cl (0.96 to 1.16) (1.18 to 1.41) (1400 1.17)
8010 89 Total deaths 3T 1349 1685 1030 7.3 6.6
Person-years 7513 28 602 34 433 16 840
Hazard ratio 1 1.01 1.08 1.22
95% Cl (0.90 to 1.15) (0.96 to 1.22) (1.08101.39)

Poisson regression models were used for estimating hazard ratio after adjusting for smoking, drinking, and body mass index. Classification of biood pressure status
is according to JNC 7 guidelines (unit: mm Hg). Normal: SBP<<120 and DBP<80; prehypertension: 120=SBP< 140 and 80=DBP-<90; hypertension (stage 1):
140=5BP<160 and 90=DBP<:100; hypertension (stage 2): 160=S5BP and 100=DBP, participants with hypertensive medication. Normal biood pressure level was
set as the reference level. Population attributable fraction (PAF) was calculated in 2 ways. The reference level was set at (1) the normal blood pressure level and (2)
below prehypertension (normal and prehypertension) level. Weighted averages of age-specific PAF, of which weights were person-years in each age category, were
calculated as common PAFs. Common PAF was 22.7% in men, 17.9% in women, and 20.6 % in men and women combined (reference: normal) and 11.9% in men,
10.9% in women, and 11.9 % in men and women combined (reference: normal + prehypertension).

suggests that aggressive primary prevention of high blood
pressure by all-cause mortality reduction benefits younger
more than older people, although the absolute level of
all-cause mortality was lower in younger than in older
participants. As a consequence, absolute risk reduction
should be lower in younger than in older people. Conversely,
although the hazard ratio of high blood pressure was rela-
tively lower in the elderly, absolute risk reduction should be
higher in older than in younger people. Thus, the risk of
hypertension should be age dependent. Because risk reduc-
tion is smaller in younger people, the high-risk approach
might not be cost-effective. Therefore, the population ap-
proach is more suitable in younger than in older individuals.
Conversely, for older individuals, the high-risk approach
might be more beneficial.

The impact of lower blood pressure on the total mortality
was determined by the population-attributable fraction. The
study by Sairenchi et al®’ showed that the population-
attributable fraction is =10% in men and 3% in women. In
our study, the EPOCH-JAPAN estimated an age-specific
population-attributable fraction for the contribution of blood
pressure. In younger age ranges, a large number of deaths can
be avoided by lowering blood pressure. This impact of blood
pressure decreased with increasing age. When the prehyper-
tension group was used for reference, the population-
attributable fraction was =~10% in each group. This propor-
tion showed that lowering blood pressure is still effective
even when all of the participants have prehypertension, which
is a level of blood pressure that is achievable in practice.
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We confirmed that all-cause mortality is consistently higher in
individuals with prehypertension than in individuals with normal
blood pressure. Thus, recommending lifestyle modification for
them might reduce their all-cause mortality. However, because
the absolute risk difference between normal blood pressure and
prehypertension was not large, and population-attributable frac-
tion was small, antihypertensive medication for them might not
be recommended. Thus, we considered that the JNC-7 recom-
mendation to modify lifestyle is the appropriate measure for
prehypertension participants.

Hypertension is a leading cause of cardiovascular disease
mortality and, thus, is a main contributor to total mortality.
One of the advantages of selecting total mortality as an end
point is that there is no misclassification issue in all-cause
deaths compared with disease-specific ones. Although the
interpretation of hypertension effect on total mortality was
not intuitive, our examination of total mortality provided
substantial information for public health purposes.

There were limitations in this study. First, the pooled data
ol most of the cohort studies were from baseline surveys
performed during community health examinations. Partici-
pants in the cohort study volunteered to receive their health
examinations, and for that reason their characteristics might
be somewhat different from those of nonparticipants. This
would influence the absolute measure of effect (mortality
rate) and might underestimate the risk. However, these
differences have little effect on relative measures of effect
(such as hazard ratio). Thus, we considered that comparing
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hazard ratios between age groups or population-attributable
fractions might be largely unaffected. Second, we did not
adjust for diabetes in this study. Because diabetes is an
obesity-related risk factor for hypertension, we might have
overestimated the risk posed by hypertension, per se. How-
ever, because prevalence of diabetes was very low during the
baseline period in Japan, we believe that not adjusting for
diabetes should have no substantial effect on our result.

In conclusion, high blood pressure raised the risk of total
mortality, and this increase was higher relatively, but not
absolutely, in younger than in older individuals. A relatively
large amount of the population-attributable fraction was
observed in the younger age group. Blood pressure manage-
ment is an important preventive measure for the Japanese
population regardless of age.

Perspectives

The present study showed the relation between blood pres-
sure and total mortality in the Japanese population in detail.
The results showed that apparent relation between blood
pressure and total mortality was present not only in the
elderly but also in a younger age group for both men and
women. The result encourages us that blood pressure man-
agement was an important preventive measure for Japanese
participants regardless of age. Furthermore, the people with
prehypertension showed high hazard ratios in most age
groups. This detailed information would provide effective
public health policy and clinical practice not only in the
Japanese but also in the Asian population.
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Alcohol Consumption and Mortality From Stroke and
Coronary Heart Disease Among Japanese Men and Women
The Japan Collaborative Cohort Study

Satoyo Ikehara, MSc; Hiroyasu Iso, MD; Hideaki Toyoshima, MD; Chigusa Date, PhD;

Akio Yamamoto; Shogo Kikuchi, MD; Takaaki Kondo, MD; Yoshiyuki Watanabe, MD;

Akio Koizumi, MD; Yasuhiko Wada, MD; Yutaka Inaba, MD; Akiko Tamakoshi, MD;
Japan Collaborative Cohort Study Group

Background and Purpose—Previous studies have demonstrated the association between alcohol consumption and
cardiovascular mortality. However, the sex-specific association between alcohol consumption and mortality from stroke
and coronary heart disease remains unclear,

Methods—Between 1988 and 1990, 34 776 men and 48 906 women aged 40 to 79 years completed a self-administered
questionnaire including information about alcohol consumption. They were followed-up for a median duration of 14.2
years.

Results—Of the 83 682 respondents, 1628 died from stroke and 736 died from coronary heart disease. For men, heavy
drinking (=46.0 g ethanol/day) was associated with increased mortality from total, hemorrhagic, and ischemic strokes,
whereas light-to-moderate drinking was associated with reduced mortality from total cardiovascular disease, compared
with not drinking. The respective multivariable hazard ratios (95% CI) were 1.48 (1.22 to 1.80) for total stoke, 1.67 (1.17
to 2.38) for hemorrhagic stroke, 1.35 (1.04 to 1.75) for ischemic stroke, and 0.88 (0.78 to 1.00) for total cardiovascular
disease. Women who were heavy drinkers (=46.0 g ethanol/day) showed increased mortality from coronary heart
disease, and there was reduced mortality from total cardiovascular disease for drinkers of 0.1 to 22.9 g ethanol per day
compared with mortality for nondrinkers. The respective multivariable hazard ratios (95% CI) for the 2 categories of
drinkers were 4.10 (1.63 to 10.3) and 0.75 (0.62 to 0.91).

Conclusions—Heavy alcohol consumption is associated with increased mortality from total stroke, particularly hemor-
rhagic stroke, and total cardiovascular disease for men, and from coronary heart disease for women, whereas
light-to-moderate drinking may be associated with reduced mortality from cardiovascular disease for both sexes.
(Stroke. 2008;39:2936-2942.)

Key Words: alcohol consumption m coronary heart discase m mortality m stroke

he large number of cohort studies showed an increased health care program found that women consuming =6 drinks
risk of hemorrhagic stroke among male heavy drink- per day showed a nonsignificant excess risk for hemorrhagic
ers,!~10 and reduced risk of ischemic stroke?-'! and coronary stroke.> The Nurses’ Health Study showed that light-to-
heart disease!>-'7 among male light-to-moderate drinkers. moderate alcohol consumption was associated with reduced
A few studies have reported the association between incidence of ischemic stroke and coronary heart discasc!® and
moderale-to-heavy alcohol consumption and increased risk of reduced mortality from cardiovascular disease,'” compared
hemorrhagic stroke,®'® and light-to-moderate alcohol con- with incidence of ischemic stroke and coronary heart disease
sumption was associated with reduced risk of cardiovascular in those who do not drink. A Swedish cohort study2® also
disease for women.'*-2% A cohort study for a US prepaid reporied that light alcohol consumption among women was

Received March 14, 2008; accepted April 16, 2008.

From Public Health, Department of Social and Environmental Medicine (S.1., H.I.), Graduate School of Medicine, Osaka University, Osaka, Japan;
Department of Public Health/Health Information Dynamics (H.T., T.K.), Fields of Science, Program of Health and Community Medicine, Nagoya
University Graduate School of Medicine, Nagoya, Japan; Department of Food Science and Nutrition (C.D.), Faculty of Human Life and Environment,
Nara Women's University, Nara, Japan; Infectious Disease Surveillance Cancer (A.Y.), Infectious Disease Research Division, Hyogo Prefectural Institute
of Public Health and Environmental Sciences, Hyogo, Japan; Department of Public Health (S.K., A.T.), Aichi Medical University School of Medicine,
Aichi, Japan; Department of Epidemiology for Community Health and Medicine (Y.W.), Kyoto Prefectural University of Medicine Graduate School of
Medical Sciences; Department of Health and Environmental Sciences (A.K.), Graduate School of Medicine, Kyoto University, Kyoto, Japan; Department
of Medical Informatics and Occupational Epidemiology (Y.W.), Japan Labour Health and Welfare Organization, Kansai Rosai Hospital, Hyogo, Japan;
Department of Epidemiology and Environmental Health (Y.1.), Juntendo University School of Medicine, Tokyo, Japan.

Correspondence to Hiroyasu Iso, MD, PhD, Public Health, Department of Social and Environmental Medicine, Osaka University, Graduate School of
Medicine, Suita-shi, Osaka 565-0871 Japan. E-mail iso@pbhel.med.osaka-u.ac.jp

© 2008 American Heart Association, Inc.

Stroke is available at http://stroke.ahajournals.org DOIL: 10.1161/STROKEAHA.108.520288

168 -



Ikehara et al

associated with reduced incidence of and morality from
ischemic stroke. However, no such evidence is available for
women in Asian countries, probably because of the low
prevalence of drinkers and coronary heart disease. To exam-
ine the sex-specific associations of alcohol consumption with
mortality from total stroke, stroke subtypes, and coronary
heart disease, we analyzed data from a large prospective
study of ~83 000 Japanese men and women.

Materials and Methods

Study Cohort

The Japan Collaborative Cohort Study for Evaluation of Cancer Risk
sponsored by Monbusho was conducted from 1988 to 1990, when
110792 subjects (46 465 men and 64 327 women) aged 40 to 79
years and living in 45 communities across Japan participated in
municipal health screening examinations and completed self-
administered questionnaires concerning their lifestyles and medical
histories of previous cardiovascular disease and cancer at baseline.
The details of the study procedure have been described previously.?!
In most communities, informed consent was obtained individually
from members of the cohort, whereas in several communities,
informed consent was obtained at the community level after the
purpose of the study and confidentiality of the data had been
explained to community leaders and mayors. Follow-up surveys
were conducted annually to verify the vital status of the participants.
Among the 110792 cohort participants, we excluded the 22 358
subjects (9579 men and 12 779 women) who had missing informa-
tion on drinking habits such as drinking status, the frequency of
drinking, and the amount of alcohol consumed, and 4752 subjects
(2110 men and 2642 women) who reported a history of cancer,
stroke, or myocardial infarction. A total of 34 776 men and 48 906
women were included in the study.

Mortality Surveillance

For mortality surveillance in each of the communities, investigators
conducted a systematic review of death certificates, all of which
were forwarded to the public health center in the area of residency.
Mortality data were then centralized at the Ministry of Health and
Welfare, and the underlying causes of death were coded for the
National Vital Statistics from 1988 to 1994 according to the
International Classification of Diseases, 9th revision (ICD-9), and
from 1995 to 2003 according to the 10th revision (ICD-10),
Therefore, all deaths that occurred in the cohort were ascertained by
death certificates from a public health center, except for subjects who
died after they had moved from their original community, in which
case the subjects were treated as censored cases. Cause-specific
mortality was determined separately in terms of total cardiovascular
disease (ICD-9 codes 390 to 459, ICD-10 codes 101 to 199), total
coronary heart disease (codes 410 to 414 and 120 to 125), and total
stroke (430 to 438 and 160 to 169). The latter category was further
subdivided into intraparenchymal hemorrhage (431 and 161), sub-
arachnoid hemorrhage (430 and 160), and ischemic stroke (433 to
434 and 163 and 1693). The follow-up is believed to be complete by
systematic examination of death certificates and residency status. By
December 31, 2003, 12 100 subjects were treated as censored when
they died, and 3532 subjects were treated as censored when they
moved out of the study area. The median follow-up period for the
participants was 14.2 years. This study was approved by the Ethics
Committee of the Nagoya University School of Medicine.

Baseline Survey

The baseline data were collected with a self-administered question-
naire including information about alcohol consumption, demo-
graphic characteristics, histories of hypertension, diabetes mellitus,
and other chronic diseases, and habits related to smoking, diet, and
exercise. Alcohol drinking status was established by asking the
subjects whether they were nondrinkers, ex-drinkers, or current
drinkers. Ex-drinkers and current drinkers were also asked about the
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age at which they started drinking, frequency of alcohol intake per
week during the previous year (less than once/week, 1 to 2
times/week, 3 to 4 times/week, and almost every day), type of
beverage (sake [rice wine], shochu [a type of brandy], beer, whiskey,
or wine), and the amount consumed per occasion. The unit of amount
consumed per occasion was “gou”, which is the equivalent of ~23 g
of alcohol. The amount of ethanol per day was calculated as follows:
the unit of amount consumed per occasion multiplied by the
frequency of alcohol consumption per week divided by 7. The
validity of the alcohol questionnaire was examined by serum
y-glutamy! transferase among the subsample participants who un-
derwent the baseline health check-ups (4969 men and 9732 women).
The age-adjusted mean values of serum <y-glutamyl transferase
according to the alcohol consumption categories (nondrinkers, ex-
drinkers, current drinkers of 1 to 22.9 g/day, 23.0 to 45.9 g/day, 46.0
to 68.9 g/day, and =69.0 g/day for men, and nondrinkers, ex-
drinkers, current drinkers of 1 to 22.9 g/day, 23.0 to 45.9 g/day, and
=46.0 g/day for women) were 20, 26, 27, 37, 51, and 68 TU/L,
respectively, for men and 15, 18, 17, 25, and 48 IU/L, respectively,
for women. The reproducibility and validity for dietary intakes of
fish, vegetables, and fruit were reported elsewhere.??

Statistical Analysis

Statistical analyses were based on sex-specific rates for mortality
from stroke during the follow-up periods from 1988 and from 1990
to 2003. The follow-up person-years were calculated from the date of
completing the baseline questionnaire to death, moving out of the
community, or the end of 2003, whichever was first. We classified
alcohol consumption into 6 categories for men (nondrinkers, ex-
drinkers, current drinkers of 1 to 22.9 g/day, 23.0 to 45.9 g/day, 46.0
to 68.9 g/day, and =69.0 g/day) and into 5 categories for women
(nondrinkers, ex-drinkers, current drinkers of 1 to 22.9 g/day, 23.0 to
45.9 g/day, and =46.0 g/day). Sex-specific age-adjusted mean values
and prevalence of cardiovascular risk factors were calculated. We
conducted tests for linear trends of covariates by using the median
values of alcohol consumption categories. The sex-specific hazard
ratios with 95% CI for mortality from stroke and coronary heart
disease were then calculated with reference to the risk for nondrink-
ers. These estimates were adjusted for age and other potential
confounding factors by using the Cox proportional hazards model.
Potential confounding factors for the adjustment were baseline of
age, smoking status (never, ex-smoker, current smokers of 1 to 19,
and =20 cigarettes/day), BMI (sex-specific quintiles), history of
hypertension, history of diabetes, frequency of exercise (<1, 1 to 2,
3 to 4, and =5 hours/week), perceived mental stress (low, moderate,
high), education level (primary school, junior high school, high
school, college or higher), vegetable intake (sex-specific quintiles),
and fish and fruits intake (almost never, 1 to 2 times/month, 1 to 2
times/week, 3 (o 4 times/week, and almost every day). SAS (version
8.02) was used for all statistical analyses.

Results
After completion of the follow-up of 1 065 295 person-years,
the deaths of 1628 subjects from stroke (864 men and 764
women) and of 736 from coronary heart disease (431 men and
305 women) had been documented. The sex-specific mortal-
ity per 1000 person-year among men was 2.0 for stroke and
1.0 for coronary heart disease, and the respective mortality
among women was 1.2 and 0.5. The deaths for men included
202 intraparenchymal hemorrhages, 74 subarachnoid hemor-
rhages, 507 ischemic strokes, and 431 coronary heart dis-
cases. For women, the corresponding numbers were 151, 157,
388, and 305. Table 1 shows sex-specific age-adjusted mean
values or prevalence of risk characteristics at baseline by
category of alcohol consumption. The respective proportions
of nondrinkers, ex-drinkers, and current drinkers were 22%,
7%, and 71% for men, and 83%, 2%, and 15% for women.
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Table 1. Age-Adjusted Mean Values or Prevalence (%) of Risk Characteristics at Baseline by Alcohol Consumption Category for Men

and Women
Ethanol Intake, g/day
Nondrinkers Ex-Drinkers 0.1-22.9 23.0-45.9 46.0-68.9 =69.0 P for Trend

Men 7821 2378 6130 8056 7067 3324
Age, yr 59 62 56 57 56 54 <0.001
Mean BMI, kg/m* 226 224 227 226 227 227 <0.001
History of hypertension, % 13 20 17 20 22 22 <0.001
History of diabetes, % 5 1" 6 6 D 6 0.002
Current smokers, % 49 46 45 50 58 65 <0.001
College or higher education, % 12 13 18 15 13 10 <0.001
Exercise =5 hours/wk, % 5 5 6 7 7 7 <0.001
High level of stress, % 23 27 24 22 21 24 0.03
Vegetable intake, times/wk 274 28.1 274 279 27.4 26.6 0.03
Fish intake, times/wk 6.3 6.6 6.5 7.0 7.5 8.0 <0.001
Fruit intake, imes/wk T2 6.9 6.7 6.7 6.0 56 <0.001

Women 40 826 884 5848 1020 328
Age, yr 57 58 55 55 53 <0.001
Mean BMI, kg/m? 22.9 230 229 229 234 0.04
History of hypertension, % 21 24 19 24 27 0.001
History of diabetes, % 3 8 3 3 0.05
Current smokers, % 3 19 20 38 <0.001
College or higher education, % 8 7 10 7 7 0.37
Exercise =5 hours/wk, % 8 b 6 6 5 <0.001
High level of stress, % 19 28 22 23 22 0.001
Vegetable intake, times/wk 32.4 30.3 319 31.0 29.0 <0.001
Fish intake, times/wk 71 6.8 71 T3 7.5 0.03
Fruit intake, times /wk 8.6 8.3 85 7.7 6.5 <0.001

Compared with nondrinkers, moderate-to-heavy drinkers,
both men and women, tended to be younger, more hyperten-
sive, heavier smokers, and had the higher frequency of fish
intake and the lower frequency of fruit intake. Tables 2 and 3
show age-adjusted and multivariable-adjusted hazard ratios
for total stroke, stroke subtypes, coronary heart disease, and
ischemic and total cardiovascular disease for men and
women. For women, the data on intraparenchymal and
subarachnoid hemorrhage were collapsed as hemorrhagic
stroke because of the limited number of deaths. Increases in
the risks of mortality from total and hemorrhagic strokes were
observed among male consumers of 46.0 to 68.9 and =69.0
g ethanol per day. Heavy drinking of =69.0 g ethanol per day
was also associated with increased risk of mortality from total
stroke and total cardiovascular disease among men. Male
ex-drinkers showed higher risks of mortality from total
stroke, particularly hemorrhagic stroke, either intraparenchy-
mal or subarachnoid hemorrhage, and total cardiovascular
discase. Light-to-moderate drinking of 0.1 to 45.9 g ethanol
per day was associated with a reduced risk of mortality from
total cardiovascular disease among men,

For women, there was an excess risk of mortality from
coronary heart discase among drinkers of =46.0 g ethanol per
day compared with nondrinkers, and a reduced risk of
mortality from cardiovascular disease among drinkers of (.1

to 22.9 g ethanol per day. The multivariable hazard ratio
(95% CI) of mortality for moderate-to-heavy drinkers com-
pared with nondrinkers was 4.10 (1.63 to 10.3) for coronary
heart disease and 3.29 (1.61 to 6.73) for ischemic cardiovas-
cular disease, whereas that for light drinkers compared with
nondrinkers was 0.74 (0.60 to 0.91) for total cardiovascular
disease.

Discussion

In the large prospective study of Japanese men and women
whose stroke mortality was more than double that of coronary
heart discase, we found that heavy alcohol consumption of
=69.0 g ethanol per day was associated with increased risk of
mortality from hemorrhagic stroke among men, whereas
light-to-moderate drinking of 0.1 to 45.9 g cthanol per day
was associated with reduced mortality from ischemic cardio-
vascular disease among men. For women, light drinking of
0.1 to 22.9 g ethanol per day showed an association with
reduced mortality from ischemic cardiovascular disease.

The excess mortality from hemorrhagic stroke associated
with heavy alcohol consumption and the reduced mortality
from ischemic cardiovascular disease associated with light-
to-moderate alcohol consumption are consistent with the
results from previous studies of whites and Japanese with
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Table 2. HR and 95% CI of Mortality from Total Stroke, Coronary Heart Disease, and Total Cardiovascular Disease by Alcohol
Consumption Category for Men
Ethanol Intake, g/day
Nondrinkers Ex-Drinkers 0.1-229 23.0-45.9 46.0-68.9 =69.0
Person-years 96 423 25919 78478 101 256 90 000 41588
Total stroke
N 200 126 114 168 173 83
Age-adjusted HR 1.00 1.93(1.55-2.42)  0.91 (0.72-1.15) 0.98 (0.80-1.21) 1.46 (1.19-1.79) 1.89 (1.46-2.46)
Multivariable HR* 1.00 1.90 (1.52-2.39) 0.95 (0.75-1.20) 0.96 (0.78-1.19) 1.39(1.12-1.73) 1.71 (1.31-2.24)
Multivariable HRT 0.96 (0.79-1.15) 1.48 (1.22-1.80)
Hemorrhagic stroke
N 55 31 41 52 60 37
Age-adjusted HR 1.00 1.80 (1.16-2.80) 1.09 (0.72-1.63) 1.02 (0.70-1.49) 1.51(1.05-2.19)  2.30 (1.51-3.51)
Multivariable HR* 1.00 1.79(1.15-2.80)  1.16(0.76-1.76)  1.02(0.69-1.51)  1.47 (1.00-2.16)  2.16 (1.39-3.35)
Multivariable HRt 1.08 (0.76~1.53) 1.67 (1.17-2.38)
Intraparenchymal hemorrhage
N 41 26 30 39 44 22
Age-adjusted HR 1.00 2.00 (1.22-3.27) 1.09 (0.68-1.75) 1.05 (0.67-1.62) 1.56 (1.02-2.40) 1.98 (1.17-3.35)
Multivariable HR* 1.00 200(1.22-3.30) 1.16(0.71-1.88)  1.05(0.67-1.64)  1.52(0.97-2.38)  1.87 (1.09-3.22)
Muttivariable HRT 1.09 (0.73-1.63) 1.62 (1.07-2.45)
Subarachnoid hemorrhage
N 14 5 1" 13 16 15
Age-adjusted HR 1.00 1.21(0.44-3.38)  1.07(0.48-2.36)  0.95(0.45-2.02)  1.41(0.68-2.90)  3.05(1.45-6.39)
Muitivariable HR* 1.00 1.16 (0.41-3.26) 1.16 (0.51-2.63) 0.96 (0.44-2.12) 1.38 (0.65-2.96) 2.81(1.29-6.12)
Multivariable HRt 1.05 (0.52-2.09) 1.83 (0.93-3.61)
Ischemic stroke
N 126 88 60 101 95 37
Age-adjusted HR 1.00 212(1.62-2.79)  0.80(0.59-1.09) 0.99 (0.76-1.28) 1.44 (1.10-1.88) 1.60 (1.10-2.31)
Multivariable HR* 1.00 211 (1.59-2.78)  0.81 (0.59-1.11) 0.94 (0.72-1.24) 1.34 (1.01-1.77)  1.39 (0.95-2.04)
Multivariable HR{ 0.89(0.70-1.13) 1.35(1.04-1.75)
Coronary heart disease
N 116 56 71 90 65 33
Age-adjusted HR 1.00 150 (1.09-2.07)  0.94 (0.70-1.27) 0.88 (0.66—1.15) 0.87 (0.64-1.18)  1.16 (0.78-1.71)
Multivariable HR* 1.00 1.35 (0.97-1.86) 0.96 (0.71-1.30) 0.82 (0.62-1.09) 0.76 (0.55-1.04)  0.95(0.64-1.41)
Multivariable HR} 1.00 0.88 (0.69-1.13) 0.81(0.61-1.08)
Ischemic cardiovascular disease
N 242 144 13 19 160 70
Age-adjusted HR 1.00 1.82(1.48-2.24)  0.87 (0.71-1.08) 0.93(0.77-1.13) 1.14 (0.93-1.40)  1.37 (1.04-1.79)
Multivariable HR* 1.00 1.71 (1.39-2.12) 0.89 (0.72-1.11) 0.88 (0.73-1.08) 1.03(0.84-1.27)  1.16 (0.88-1.53)
Multivariable HR} 0.89 (0.75-1.05) 1.07 (0.88-1.29)
Total cardiovascular disease
N 487 282 269 379 342 162
Age-adjusted HR 1.00 1.77 (1.53-2.06)  0.88 (0.76-1.02) 0.90 (0.79-1.03) 1.16 (1.01-1.33) 1.47 (1.23-1.76)
Multivariable HR* 1.00 1.66(1.43-1.93)  0.90(0.77-1.05) 0.87 (0.76-1.00) 1.07 (0.92-1.23)  1.28 (1.07-1.55)
Muftivariable HRT 0.88 (0.78-1.00) 1.13(0.99-1.29)

*Adjusted for age, smoking status, BMI, history of hypertension, history of diabetes, frequency of exercise, perceived mental stress, education level, and intake

of vegetables, fish, and fruit.

tCalculated for drinkers of 0.1 to 45.9 g ethanol per week and those of =46.0 g ethanol per week.

HR indicates hazard ratio.

regard to hemorrhagic stroke,'-0 ischemic stroke,®-!! and

coronary heart disease.'>-17

The excess mortality of hemorrhagic stroke may be partly
influenced by alcohol-induced high blood pressure.** Alcohol
also leads to reduced platelet aggregation® and enhanced

fibrinolysis through increased secretion of plasminogen acti-
vators from endothelial cells.>* Moreover, the possible mech-
anisms by which light alcohol consumption may lead to
reduced mortality of ischemic cardiovascular disease have
been identified as elevated concentration of HDL cholesterol,?
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Table 3. HR and 95% CI of Mortality from Total Stroke, Coronary Heart Disease, and Total Cardiovascular
Disease by Alcohol Consumption Category for Women

Ethanol Intake (g/day)

Nondrinkers Ex-Drinkers 0.1-22.9 23.0-45.9 =46.0
Person-years 529 265 10712 74702 12 872 4082
Total stroke
N 684 14 53 ¥ 6
Age-adjusted HR 1.00 1.00(0.59-1.70) 0.83 (0.63-1.10) 0.59 (0.28-1.24) 2.33 (1.04-5.20)
Multivariable HR* 1.00 0.87(0.51-1.48) 0.87 (0.65-1.15) 0.59(0.28-1.24) 1.92 (0.85-4.35)
Multivariable HRt 0.82 (0.63~1.08)
Hemorrhagic stroke
N 272 6 24 3 3
Age-adjusted HR 1.00 1.08 (0.48-2.43) 0.83 (0.55-1.27) 0.58 (0.19-1.82) 2.32(0.74-7.26)
Multivariable HR* 1.00 0.95 (0.42-2.17) 0.84 (0.55-1.29) 0.52 (0.17-1.64) 1.61 (0.50-5.19)
Multivariable HRt 0.79 (0.53-1.18)
Ischemic stroke
N 353 8 22 2 3
Age-adjusted HR 1.00 1.10(0.55-2.22) 0.74 (0.48-1.13)  0.34 (0.09-1.37) 2.75(0.88-8.57)
Multivariable HR* 1.00 0.87(0.42-1.78) 0.78(0.51-1.21) 0.36(0.09-1.44) 2.43 (0.77-7.69)
Multivariable HR 0.71 (0.47-1.09)
Coronary heart disease
N 267 6 20 T 5
Age-adjusted HR 1.00 1.10(0.49-2.47) 0.84 (0.54-1.33) 1.53 (0.72-3.25) 5.44 (2.24-13.2)
Multivariable HR* 1.00 0.85(0.38-1.94) 0.83(0.53-1.33) 1.45(0.68-3.11) 4.10(1.63-10.3)
Multivariable HRt 0.94 (0.62-1.41)
Ischemic cardiovascular disease
N 620 14 42 9 8
Age-adjusted HR 1.00 1.10 (0.65-1.87) 0.78 (0.57-1.07)  0.86 (0.45-1.66) 3.98 (1.98-8.00)
Multivariable HR* 1.00 0.86 (0.50-1.48) 0.81 (0.58-1.11) 0.87 (0.45-1.68) 3.29 (1.61-6.73)
Multivariable HRt 0.82 (0.61-1.09)
Total cardiovascular disease
N 1494 30 99 22 12
Age-adjusted HR 1.00 0.98 (0.68-1.41) 0.72 (0.59-0.89) 0.85(0.56-1.29) 2.19 (1.24-3.88)
Multivariable HR* 1.00 0.82(0.57-1.18) 0.74 (0.60-0.91) 0.81 (0.53-1.24) 1.73(0.97-3.08)
Multivariable HRt 0.75 (0.62-0.91)

“Adjusted for age, smoking status, body mass index, history of hypertension, histary of diabetes, frequency of exercise, perceived
mental stress, education level, and intake of vegetables, fish, and fruit.

TCalculated for drinkers of 0.1 to 45.9 g ethanol per week.

reduced platelet aggregation,® enhanced fibrinolysis,2s and
reduced plasma fibrinogen levels.??

Our study demonstrated a reduced mortality from ischemic
cardiovascular disease associated with light drinking of 0.1 to
229 g ethanol per day among Japanese women. Our finding
is consistent with that of the Nurse’s Health study, which
reported that light-to-moderate drinking of 1.5 10 299 g
cthanol per day was associated with a similarly reduced
morality from coronary heart disease and cardiovascular
disease.’ Furthermore, in the Swedish cohort study,? an
average consumption of 0 to 5 g ethanol per day by women
was associated with reduced morality from ischemic stroke,
but such an association was not found for men. The multivari-
able hazard ratio of morality from ischemic stroke was 0.6
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(0.5 to 0.8) for women and 1.3 (0.9 to 2.0) for men compared
with that for never-drinkers.

We detected an excess risk of mortality {rom coronary
heart disease associated with drinkers of =46.0 g ethanol per
day among women, albeit the number of deaths in heavy
drinkers was small, but such an excess risk was not found
among men (P for interaction=0.001). Heavy alcohol con-
sumption enhances the probability of both atrial and life-
threatening ventricular arrhythmias and atrioventricular block
through the destabilization of potassium and magnesium
metabolism and the stimulation of catecholamine.?8.2% Fur-
ther, women have lower alcohol dehydrogenase activity in the
liver than men,*® so that women have higher blood alcohol
concentrations than men after ingestion of the same dose of
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alcohol, even when the dose is adjusted for body weight.3!
The Nurse’s Health study'® did not find the excess mortality,
but the number of deaths among heavy drinkers of =30g
ethanol per day in that cohort was also small (n=9). Further
rescarch is needed to understand the health consequences of
heavy drinking in females.

Our study also showed an excess risk of mortality from
total stroke, either hemorrhagic or ischemic stroke, among
male ex-drinkers. The 8424 current drinkers at baseline who
also responded to the 5-year follow-up comprised 285 ex-
drinkers and 8139 continuing drinkers. The ex-drinkers may
have stopped because of ill health, because the prevalence of
a history of diabetes, liver disease, gallstone or gallbladder
disease, gastric or duodenal ulcer, and tuberculosis at baseline
was much higher for quitters than continuing drinkers.
However, the prevalence of history of those diseases did not
differ for female ex-drinkers and continuing drinkers.

The strengths of our study are its prospective design and
the high statistical power for the detection of sex-specific
associations of a wide range of alcohol consumption with
mortality from total stroke, coronary heart disease, and total
cardiovascular disease. Our findings for women are notewor-
thy because the evidence has been largely limited for Asian
women.

The limitations of our study also need to be discussed.
First, drinkers may consume different amounts of alcohol
during occasional and weekend drinking. However, we could
not estimate alcohol consumption resulting from binge drink-
ing because the questionnaire did not ask this information. It
has been suggested that binge drinking increases the risk of
myocardial infarction.?? However, it can be assumed that
binge drinking was not common for our study subjects,
because 98% to 99% of heavy drinkers of =46.0 g ethanol
per day reported consuming alcohol beverages almost every
day. Second, we estimated alcohol consumption by the single
self-administrated questionnaire, which would be liable to
misclassification. However, there was a moderate correlation
between alcohol consumption and serum y-glutamyl trans-
ferase, a marker of alcohol intake, for both sexes. The data on
alcohol consumption in a 5-year follow-up survey were
available from only 25 of the 45 communities. However,
when we examined the subsample participants (10 214 men
and 15 379 women) who completed the alcohol questionnaire
at baseline and the followed-up surveys, we found that the
proportions of the same category, the adjacent category, and
the reversal category of alcohol consumption were 59%,
83%, and 0.08%, respectively, for men, and 90%, 91%, and
0.06%, respectively, for women. Third, we used the mortality
data as endpoints rather than incidence data, which may lead
to misclassification in the diagnosis of stroke, stroke sub-
types, and coronary heart disease. The widespread use of
computer tomography in local hospitals since the 1980s has
probably made the diagnosis of stroke and its subtypes
reported on the death certificates sufficiently accurate.** For
coronary heart disease, however, approximately one-fourth of
ischemic heart disease deaths appearing on death certificates
were misdiagnosed according to the validation studies. 3
Finally, although hazard ratios were adjusted for selected
cardiovascular risk factors and social factors, we cannot

Alcohol and Mortality From Stroke and CHD 2941

exclude the possibility that other risk factors such as socio-
economic status and psychosocial factors may have affected
our findings.

Conclusion

In conclusion, the results of our study of a large cohort of
Japanese men and women indicate that heavy alcohol con-
sumption is associated with increased mortality from total
stroke, particularly hemorrhagic stroke, and total cardiovas-
cular disecase for men, and with increased mortality from
coronary heart discase for women. Also, light-to-moderate
alcohol consumption may be associated with reduced mortal-
ity from cardiovascular disease for both men and women.
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Objectives The objective of our study was to test the hypothesis that fish or «-3 polyunsaturated fatty acids (PUFA) intakes
would be inversely associated with risks of mortality from ischemic heart disease, cardiac arrest, heart fallure,

stroke, and total cardiovascular disease.

Background Data on associations of dietary intake of fish and of «-3 PUFA with risk of cardiovascular disease among Asian

societies have been limited.

Methods We conducted a prospective study consisting of 57,972 Japanese men and women. Dietary Intakes of fish and
-3 PUFA were determined by food frequency questionnaire, and participants were followed up for 12.7 years.

Hazard ratios and 95% confidence intervals were calculated according to quintiles of fish or »-3 PUFA intake.

Results We observed generally Inverse associations of fish and «-3 PUFA intakes with risks of mortality from heart failure
(multivariable hazard ratio [95% confidence interval] for highest versus lowest quintiles = 0.76 [0.53 to 1.09] for fish
and 0.58 [0.36 to 0.93] for »-3 PUFA). Associations with ischemic heart disease or myocardial infarction were rela-
tively weak and not statistically significant after adjustment for potential risk factors. Neither fish nor «-3 PUFA di-
etary intake was associated with mortality from total stroke, its subtypes, or cardiac arrest. For mortality from total

cardiovascular disease, intakes of fish and «~3 PUFA were associated with 18% to 19% lower risk.

Conclusions We found an inverse association between fish and «-3 PUFA dietary intakes and cardiovascular mortality, espe-

cially for heart failure, suggesting a protective effect of fish intake on cardiovascular diseases. (J Am Coll Cardiol

2008;52:988-96) © 2008 by the American College of Cardiology Foundation

Inverse associations of dietary intake of fish and w-3
polyunsaturated fatty acids (PUFA) with the risk of isch-
emic heart disease (IHD) have been well described mainly
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trolled trial among hypercholesterolemic patients in Japan
(5). The evidence for an association between fish intake and
the risk of stroke has also been limited, although a protective
effect was suggested from a meta-analysis (6). Further, it is
possible that dietary intakes of fish and w-3 PUFA may
reduce the risk of heart failure (7), but the data on this issue
are quite limited (8,9).

Several mechanisms, including antiarrhythmic effects,
modulation of autonomic function, decreased platelet ag-
gregation, and vasodilation, have been suggested for the
association between fish or w-3 PUFA and risk of cardio-
vascular disease (10). From an epidemiological standpoint,
it is important to replicate the results in different popula-
tions and confirm the associations with large representative
data. The JACC (Japan Collaborative Cohort Study for
Evaluation of Cancer Risk) study is a nationwide,
community-based follow-up study of cardiovascular disease
with one of the largest number of subjects in Asia, including
many cases of heart failure, which has not been examined in
Asia. Thus, we used these data to examine the associations
of dietary intakes of fish and w-3 PUFA with the risk of
mortality from cardiovascular disease in Japan, where aver-
age fish intake is high compared with that of Western
countries—approximately 3 to 4 times more among Japa-
nese than among white Americans (11). Our a prion
hypothesis was that the dietary intakes of fish and ®-3
PUFA would be associated with reduced risk of mortality
from IHD, cardiac arrest, heart failure, stroke, and total
cardiovascular disease in this population with high fish
intake.

Methods

Study cohort. The JACC study comprised a nationwide
community-based sample of 110,792 persons (46,465 men
and 64,327 women) from 45 administrative districts of
Japan. Participants were 40 to 79 years of age during the
baseline period (1988 to 1990) and completed self-
administered questionnaires concerning their life-styles and
medical histories of previous cardiovascular disease or cancer
(12). We excluded persons who reported a history of heart
disease (IHD, arrhythmia, heart failure, or unspecified heart
diseasc), stroke, or cancer at the baseline survey, or those
missing the fresh fish item, with more than 1 item missing
from the other 3 fish items, or with more than 4 missing
items from the 33 items on the dictary questionnaire. As a
result, we included 22,881 men and 35,091 women from 34
communities with complete information on their dictary
information. Written or explicitly verbal informed consent
was obtained before participants completed the question-
naire. In several communities, the informed consent was
obtained from community leaders instead of individual
participants, which had been in common practice for in-
formed consent in Japan at that time. The JACC study
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Abbreviations
and Acronyms

Cl = confidence Interval

protocol was approved by the
Medical Ethical Committees of
the Nagoya University School of
Medicine.

Mortality surveillance. In cach
community, investigators con-
ducted a systematic review of
death certificates. In Japan, reg-
istration of death is legally re-
quired and is believed to be fol-
lowed across Japan. Thus, all deaths that occurred in the
cohort were ascertained by death certificates from a public
health center, except for subjects who died after they had
moved from their original community, in which case the
subject was censored. The date of moving from the com-
munity was verified by population-register sheets. In the
present study, the follow-up was conducted through the end
of 2003, except for 2 communities in which the follow-up
had ended in 1999. The average follow-up period for the
participants was 12.7 years. We used the underlying cause of
death coded by the International Statistical Classification of
Diseases and Related Health Problems-10th Revision
(ICD-10) to identify mortality end points: 160 to 169 for
stroke, 160 for subarachnoid hemorrhage, 161 for intrapa-
renchymal hemorrhage, 163 for ischemic stroke, 120 to 125
for IHD, 121 for myocardial infarction, 146 for cardiac
arrest, 147 to 149 for arrhythmic death, 150 for heart failure,
and 100 to 199 for total cardiovascular disease. Because of
the small number of cases, we pooled cardiac arrest and
other arrhythmic death as “cardiac arrest.”

Intakes of fish and @-3 PUFA. The food frequency
questionnaire included 33 foods, including 4 fish items:
fresh fish, kamaboko (steamed fish paste), dried or salted fish,
and deep-fried foods or tempura (a common form of
deep-fried fish or shellfish). Five choices were presented for
each item: rarely, 1 to 2 days a month, 1 to 2 days a week,
3 to 4 days a week, and almost every day; these choices were
converted to scores of 0, 0.05 (1.5 of 30), 0.214 (1.5 of 7),
0.5 (3.5 of 7), and 1, respectively. The portion size was
estimated by a previous validation study (13) described in
the following text, and assigned as 63 g for fresh fish, 20 g
for steamed fish paste, 29 g for dried or salted fish, and 29 g
for deep-fried fish, which was estimated as 26% of 113 g for
deep-fried foods or tempura calculated by dietary records of
the validation study. The consumption of fish (g/day) was
calculated by multiplying the frequency scores and portion
sizes, and summing across the 4 items. For missing data on
either dried or salted fish, deep-fried fish, or steamed fish
paste (n = 5,300), we assigned the median consumption
values in the total sample.

The previous validation study also provided the values for
nutrient and fatty acid intake, based on the Japan Food
Table-4th Version. The values of -3 PUFA (including
non—long-chain -3 PUFA) assigned for 1 portion were,
for example, 1.009 g for fresh fish, 0.042 g for steamed fish

HR = hazard ratio
IHD = Ischemic heart

disease

PUFA = polyunsaturated
fatty acids



