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Alcohol consumption and cardiovascular disease
incidence in men with and without hypertension:
the Suita study
This article has been corrected since Advance Online Publication, and a corrigendum is also printed in this issue.

Aya Higashiyama1, Tomonori Okamura2, Makoto Watanabe3, Yoshihiro Kokubo3, Ichiro Wakabayashi1,
Akira Okayama4 and Yoshihiro Miyamoto3

The relationship between alcohol consumption and the risk for cardiovascular disease (CVD) is U-shaped, whereas alcohol

drinking is linearly associated with blood pressure, and the CVD risk also increases linearly according to blood pressure level.

Accordingly, we investigated the net effect of alcohol consumption and hypertension on CVD and its subtypes in this study.

A 13-year prospective study of 2336 Japanese men who were free from CVD was performed; ex-drinkers were excluded. The

participants were divided into eight groups classified by the combination of the presence of hypertension (systolic/diastolic

blood pressure X140/90mmHg) and alcohol consumption (never-, current- (light, moderate and heavy) drinkers). Multivariate-

adjusted hazard ratios (HRs) for the incidence of CVD, coronary artery disease (CAD) and stroke due to the combination of

hypertension and alcohol consumption were calculated and compared with non-hypertensive never-drinkers. The HRs for CVD

and its subtypes were higher in hypertensives than those in non-hypertensives; in hypertensives without medication for

hypertension, the relationship between alcohol consumption and the risks for CVD and CAD was U-shaped, with the highest

and most significant increase in never-drinkers. The risk for total stroke was the highest in heavy-drinkers, which was

significant. In non-hypertensives, there was no evident increase or decrease in the HRs for CVD and its subtypes in drinkers.

Accordingly, controlling blood pressure is important to prevent CVD. In hypertensives, heavy drinking should be avoided to

prevent CVD, although light-to-moderate drinking could be protective for CAD. Furthermore, in non-hypertensives, drinkers

may need to continuously monitor their blood pressure.
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INTRODUCTION

The relationship between alcohol consumption and the risk for
cardiovascular disease (CVD) has been reported to be U-shaped in
previous studies.1,2 However, drinking alcohol is also well known to
be positively associated with the development of hypertension.3

Alcohol consumption is linearly related to increased blood
pressure,4,5 and the CVD risk also linearly increases according to
the blood pressure level.6 Thus, several previous studies have
investigated the relationships among alcohol consumption,
hypertension and CVD risk in hypertensive patients,7–9 but few
studies were performed in the general population including both
hypertensives and non-hypertensives.

Japanese men have been reported to drink more alcohol,10 have a
higher prevalence of hypertension,11,12 and have a higher prevalence
of stroke13 than Westerners. Therefore, an investigation of the net

effect of hypertension and alcohol consumption on the risk for CVD
and its subtypes is important in Asian populations, including the
Japanese.

To investigate the relationships among alcohol consumption,
hypertension and the risk for CVD and its subtypes, a 13-year cohort
study of an urban Japanese male population was conducted.

METHODS

Study participants
The Suita study,14,15 a cohort study of CVD, was established in 1989. In this

study, 6485 participants who were randomly selected from the municipal

population registry participated in a baseline survey at the National Cardio-

vascular Center (NCVC, currently, National Cerebral Cardiovascular Center)

between September 1989 and February 1994. The present study excluded 821

participants who had a past history of CVD at the baseline survey or who were
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lost to follow-up, as well as 3093 female participants because the alcohol

consumption of women was much less than that of men (prevalence of

drinking alcohol 423 g ethanol per day in women: 6.3%). In addition,

235 men were excluded for the following reasons: non-fasting visit (n¼ 83),

missing information at the baseline survey (n¼ 58) and being an ex-drinker

(n¼ 94). The data for the remaining 2336 men aged 30–79 years were then

analyzed. Informed consent was obtained from all participants. This study was

approved by the Institutional Review Board of the NCVC.

Baseline examination
Well-trained nurses obtained information on smoking, alcohol consumption

and the medical histories of the participants. The assessment of alcohol consump-

tion was previously reported.16 Briefly, current drinkers were asked about the

frequency of alcohol consumption during a typical week and the total alcohol

intake on each occasion, and the alcohol intake per week was calculated. This

value was then divided by seven to obtain the average alcohol intake per day.

The usual daily intake of alcohol was assessed in units of ‘gou’ (a traditional

Japanese unit of measurement, corresponding to 23 g of ethanol) and then

converted to grams of ethanol per day. In the present study, half a gou was

defined as one drink (11.5 g of ethanol), a value nearly equal to a ‘standard drink’

in other countries.17 According to the guidelines for lifestyle changes in Japan

(Health Japan 21), the recommended amount of alcohol consumption for men

was not more than two drinks per day.18 Thus, the participants were classified

as never-drinkers, light-drinkers (p2.0 drinks per day), moderate-drinkers

(42.0 and p4.0 drinks per day) and heavy-drinkers (44.0 drinks per day).

Well-trained physicians measured the participants’ blood pressure in the

right arm three times with the participant in a seated position after 5 min rest

using a standard mercury sphygmomanometer. The average of the second and

third measurements was used in the analyses. Height in socks and weight in

light clothing were measured. The body mass index was calculated as weight

(kg) divided by the square of height (m2). Blood samples were collected at the

NCVC after the participants had fasted for at least 8 h. The samples were

centrifuged immediately, and a routine blood examination that included serum

total cholesterol, high-density lipoprotein cholesterol (HDL-C), triglyceride

and glucose levels was then conducted.

Follow-up and endpoint determination
The follow-up method has been described elsewhere.14,15 Briefly, the endpoints

of the present study were as follows: (1) the date of the first stroke or coronary

artery disease (CAD) event; (2) the date of death; (3) the date of leaving Suita

city; and (4) 31 December 2007. The survey for the stroke and CAD events

involved checking the health status of the participants by repeated clinical visits

to the NCVC or interview by mail or telephone, followed by checking the

in-hospital medical records of the participants who were suspected of having

had a stroke or CAD. The criteria for stroke were defined according to the

US National Survey of Stroke criteria.19 For each stroke subtype (cerebral

infarction (thrombotic or embolic), intracerebral hemorrhage and subarachnoid

hemorrhage), a definitive diagnosis was established based on computed tomo-

graphy, magnetic resonance imaging or autopsy. In the present study, cerebral

infarction was defined as an ischemic stroke, and intracerebral hemorrhage and

subarachnoid hemorrhage were defined as hemorrhagic strokes. The criteria

for myocardial infarction were defined according to the criteria of the Monitor-

ing Trends and Determinants of Cardiovascular Disease (MONICA) project,20

which requires evidence from an electrocardiogram, cardiac enzymes and/or

autopsy. In addition to acute myocardial infarction, the criteria for a diag-

nosis of CAD included sudden cardiac death within 24 h after the onset of

acute symptoms or CAD followed by coronary artery bypass or angioplasty.

Furthermore, to complete the surveillance for fatal strokes and myocardial

infarctions, a systematic search for death certificates was conducted.

Statistical analyses
Hypertension was defined as an average systolic/diastolic blood pressure

X140/90 mm Hg.21 Dyslipidemia was defined as total cholesterol

X5.69 mmol l�1 (220 mg dl�1) and/or HDL-C o1.03 mmol l�1 (40 mg dl�1)

and/or triglyceride X1.69 mmol l�1 (150 mg dl�1)22 and/or current use of

oral medication for dyslipidemia. Diabetes was defined as a fasting blood

glucose X7.06 mmol l�1 (126 mg dl�1)23 and/or current use of insulin or oral

medication for diabetes.

To show the baseline risk characteristics of the six groups classified by

alcohol drinking status (never, light, moderate and heavy) and the presence of

hypertension (absent and present), the mean or median was calculated for

continuous variables, and the percentage was calculated for dichotomous

variables.

The Cox proportional hazards model was used to estimate the age- and

multivariate-adjusted hazard ratios (HRs) and 95% confidence intervals of

alcohol consumption in those with and without hypertension for the incidence

of CVD, CAD, stroke and stroke subtypes after adjustment for age, body mass

index, the presence of dyslipidemia and diabetes (absent or present) and

smoking status (current or non-current). When the HRs were calculated,

never-drinkers without hypertension were defined as the ‘reference’ group. The

estimation of the HRs was also performed after excluding the participants with

medication for hypertension at the baseline survey.

All statistical analyses were performed using SPSS (Statistical Package for the

Social Sciences) statistical software version 15.0 J (SPSS, Tokyo, Japan), and

Po0.05 (two-tailed) was considered significant.

RESULTS

The mean age of the participants was 55±13 years. Table 1
summarizes the baseline characteristics of the participants divided
into eight groups classified by the combination of the presence of
hypertension and alcohol consumption. The participants with hyper-
tension were older than those without hypertension, and current
drinkers were younger than never-drinkers. The percentage of current
smoking was the highest among heavy-drinkers both in those with
and without hypertension. In those with hypertension, the triglyceride
median increased according to alcohol consumption.

The mean follow-up period was 13 years, and 109 CAD, 78
ischemic stroke and 29 hemorrhagic stroke events occurred. Table 2
shows the age- and multivariate-adjusted HRs (95% confidence
intervals) for CVD and its subtypes of the eight groups classified by
the combination of alcohol consumption and the presence of
hypertension compared with never-drinkers without hypertension
in all participants. In non-hypertensives, the HRs for CVD and CAD
in current drinkers were consistently lower than that in the reference
group. Additionally, the HRs for total and ischemic stroke were
similar or slightly higher in the light-drinkers and lower in the
moderate- and heavy-drinkers than those in the reference group.
However, there was no evident increase or decrease in the HRs for
CVD and its subtypes. Among hypertensives, the HRs for CVD and
CAD were consistently higher than those in the reference group, and
the relationship between alcohol consumption and the risks for CVD
and CAD was U-shaped, with the highest and most significant
increase in never-drinkers. The HRs for total and ischemic stroke were
also consistently higher than those in the reference group, with the
highest and most significant increase in heavy-drinkers for total stroke
and in light-drinkers for ischemic stroke. For hemorrhagic stroke, the
risk associated with alcohol consumption could not be assessed because
of the small number of these events (data not shown in the table).

Table 3 shows the age- and multivariate-adjusted HRs (95%
confidence intervals) for CVD and its subtypes of the eight groups
in the participants without medication for hypertension at the
baseline survey. For CVD and CAD, the results were similar to those
in Table 2. For total and ischemic stroke, the results in non-
hypertensives were also similar to those in Table 2; in hypertensives,
the HRs were consistently increased in all groups compared with
those in the reference group, and an increase in the HR for both total
and ischemic stroke was statistically significant and the highest in
heavy-drinkers.
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When we additionally adjusted for pulse pressure in the estimation
of the HRs presented in Tables 2 and 3, the results were equivalent,
although the HRs for CAD in hypertensives were slightly attenuated
(data not shown).

DISCUSSION

In the present study, the multivariate-adjusted HRs for CVD and its
subtypes were consistently higher in the hypertensive participants
compared with the non-hypertensive never-drinkers, irrespective of
alcohol consumption. In hypertensives without medication for
hypertension, the relationship between alcohol consumption and
the risks for CVD and CAD was U-shaped, with the highest and most
significant increase in never-drinkers. The risk for total and ischemic
stroke was the highest in heavy-drinkers, which was significant. In
non-hypertensives, there was no evident increase or decrease in the
HRs for CVD and its subtypes in drinkers.

One of the strengths of this study was that we compared the risk
for CVD and its subtypes due to alcohol consumption among those
with and without hypertension. Another strength was that we also
estimated the HRs only among the individuals without medication
for hypertension at the baseline survey, although the number of events
was small. Furthermore, this study is the first to show the relation-
ships among alcohol consumption, hypertension diagnosed by the
current definition and the risk for CAD in an Asian population.
Although Kiyohara et al.24 investigated the net effect of alcohol
consumption on ischemic and hemorrhagic stroke stratified by the
presence of hypertension in a Japanese population (Hisayama study),
they did not investigate the risk for CAD, and their diagnosis of
hypertension was defined as 160/95 mm Hg.

For CAD, the results in the present study were similar to those
in previous studies involving hypertensive Western populations.

In the previous studies, light-to-moderate alcohol consumption in
hypertensives was associated with a reduced risk for CVD mortality or
a reduced incidence of myocardial infarction.7–9 A possible mechanism
of reduced risk for CAD in hypertensive drinkers in the present
study might be as follows: although they were under high risk for
hypertension because of lineally increasing blood pressure due to
alcohol drinking4,5 and high risk for CAD due to hypertension,6

there might be cardio-protective effects, such as decreased platelet
aggregation25 and increased fibrinolytic activity.26 An increase in the
serum level of HDL-C may be another cardio-protective effect of
alcohol.27 Such cardio-protective effects of alcohol drinking and
the relatively higher incidence of CAD compared with that in the
previous study in Japan28 might explain the clear U-shaped relation-
ship between alcohol consumption and the risk for CVD among
hypertensives in the present study.

With respect to stroke, Kiyohara et al.24 investigated the combined
effects of alcohol drinking and hypertension on stroke in a
prospective study of the general Japanese population. The
participants were classified as non-drinkers, light-drinkers (o34 g
of ethanol per day) and heavy-drinkers (X34 g of ethanol per day)
and were followed up for 26 years. Among the hypertensive subjects
(X160/95 mm Hg), the risk for cerebral hemorrhage was significantly
increased in heavy-drinkers compared with non-drinkers; the
relationship between alcohol consumption and the risk for cerebral
infarction was U-shaped, with a significant increase in heavy-drinkers
compared with light-drinkers. However, an increase in the risk for
hemorrhagic and cerebral stroke was not shown in any drinkers
among the non-hypertensives (o160/95 mm Hg). It was observed
both in the previous and present studies that the highest risk for
stroke was in hypertensive heavy-drinkers, although there was no
U-shaped pattern for cerebral infarction herein.

Table 1 Baseline characteristics of the participants; the Suita study: 1989–2007

Hypertension (�) Hypertension (þ )

Current drinkers Current drinkers

Never-

drinkers

Light (p2.0

drinks per day)

Moderate (42.0 and

p4.0 drinks per day)

Heavy (p4.0

drinks per day)

Never-

drinkers

Light (p2.0

drinks per day)

Moderate (42.0 and

p4.0 drinks per day)

Heavy (p4.0

drinks per day)

Number of

participants

380 684 348 214 141 276 178 115

Age (years) 56±14 54±13 52±12 47±11 65±10 61±12 59±11 56±10

Body mass index

(kg m�2)

22.3±3.0 22.5±2.7 22.6±2.7 23.0±2.6 23.7±3.6 23.2±3.0 23.4±2.6 23.9±3.0

Systolic blood

pressure (mm Hg)

116±13 118±12 119±12 118±11 153±15 152±16 150±16 154±19

Diastolic blood

pressure (mm Hg)

72±9 74±9 76±8 75±8 88±10 92±10 91±10 93±10

Total cholesterol

(mmol l�1)

5.20±0.88 5.17±0.85 5.12±0.85 5.09±0.85 5.38±1.03 5.33±0.88 5.30±0.85 5.25±0.98

HDL-cholesterol

(mmol l�1)

1.16±0.31 1.27±0.31 1.34±0.36 1.34±0.36 1.14±0.28 1.27±0.31 1.40±0.36 1.34±0.39

Triglycerides

(mmol l�1)

1.30 1.24 1.24 1.37 1.29 1.34 1.39 1.56

Dyslipidemia (%) 59.5 52.3 47.1 54.2 69.5 60.1 63.5 61.7

Diabetes (%) 2.4 4.1 5.5 5.1 9.9 6.9 7.3 13.9

Current smoking (%) 53.2 47.4 62.1 65.0 34.8 33.0 52.2 61.7

Abbreviation: HDL, high-density lipoprotein.
Values are mean±s.d. unless specified otherwise. Values of triglycerides are median.
Hypertension: average systolic/diastolic blood pressures of X140/90mmHg.
Diabetes: fasting blood glucose of X7 mmol l�1 and/or current use of insulin or oral medication for diabetes.
Dyslipidemia: fasting serum total cholesterol of X5.69mmol l�1 and/or HDL-C o1.03mmol l�1 and/or TG X1.69mmol l�1 and/or current use of oral medication for dyslipidemia.
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However, these results in Japanese hypertensives were not consis-
tent with those in Western populations,7,8 that is, the risk for stroke
was lower in any drinkers compared with never-drinkers in
Westerners.7,8 This inconsistency between the Western and Japanese
populations might be due to a difference in the incidence of stroke
events and in the percentage of stroke subtypes. Specifically, the
incidence of hemorrhagic stroke, which could be affected by heavy
alcohol drinking,2,29 and hypertension30,31 has been much lower than
that of ischemic stroke in Western populations.32 Furthermore, for
ischemic stroke, the frequency of cortical infarction or cerebral
embolism was high in Western populations,33,34 and a pathological
study revealed that moderate alcohol intake has a weak inverse
association with atherosclerosis in large, cerebral arteries.35 Thus, even
in a hypertensive condition, the risk for stroke associated with alcohol
consumption could be low or not evidently increased in Western
populations. In contrast, in a Japanese population, the incidence of
hemorrhagic stroke is considered to be higher than that in Western
populations.2,31 Additionally, lacunar infarction due to small-vessel
disease was the most common among Japanese individuals.36

Moreover, a pathological study revealed that moderate alcohol
intake did not have an inverse association with atherosclerosis in
small cerebral arteries.35 Thus, these factors might have an influence
on the additive effect of alcohol and hypertension on stroke in the
Japanese population.24

In non-hypertensive participants, neither an evident increase nor
decrease was shown in the risk for CAD and stroke with increased
alcohol consumption. As the numbers of non-hypertensive partici-
pants and CVD event cases were small in the present study, the risk
for CVD and its subtypes of alcohol drinking in non-hypertensives
should be investigated in other large-scale prospective studies.

As shown in the present study, hypertension is the key to determine
the risk for CVD and its subtypes. As heavy drinking was associated
with a significant increase in the risk for both CAD and stroke in
hypertensives, individuals with hypertension should avoid heavy
alcohol drinking. In addition, lowering high levels of alcohol
consumption is associated with a reduction in blood pressure.37

Thus, a reduction in alcohol consumption is expected to be
followed by both a decrease in blood pressure and particularly a
decrease in the risk for stroke, although the association between the
reduction of alcohol consumption in hypertensives and the risk for
stroke incidence should be examined in future studies among Asian
populations. In non-hypertensives, drinkers need to pay attention to
their blood pressure and avoid heavy drinking, not only for the
prevention of CVD, but also for the prevention of other alcohol-
induced diseases.

The present study had several limitations. First, the relationships
among alcohol drinking, hypertension and hemorrhagic stroke could
not be assessed because of the small number of cases. In addition, we
could not assess the risk for CVD and its subtypes in moderate- and
heavy-drinkers separately with and without hypertension due to the
small number of events. Second, single blood pressure measurements
and a single questionnaire for alcohol consumption at the baseline
survey might have underestimated the relationships among alcohol
drinking, hypertension and CVD due to regression dilution bias.38

Third, the effects of the type of alcoholic beverage17 and genetic
differences, such as acetaldehyde dehydrogenase genotypes,39 could
not be investigated. Fourth, we potentially could not fully remove the
influence of age differences among the groups at the baseline,
although we adjusted for age in the estimation of the HRs.

In conclusion, compared with never-drinkers without hyperten-
sion, the risks for CVD, CAD, stroke and ischemic stroke were

increased in those with hypertension, irrespective of alcohol con-
sumption. The risk for CAD was the highest in hypertensive never-
drinkers, whereas the risk for stroke was the highest in hypertensive
heavy-drinkers. In non-hypertensives, there was no evident increase
or decrease in the HRs for CVD and its subtypes in drinkers.
Accordingly, controlling blood pressure is important to prevent CVD.
In hypertensives, heavy drinking should be avoided to prevent CVD,
although light-to-moderate drinking could be protective for CAD.
Furthermore, in non-hypertensives, drinkers may need to continu-
ously monitor their blood pressure.
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