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Abstract

Alcohol consumption is one of the major modifiable risk factors of hypertension. The aim of the present retrospective study
was to assess the clinical impact of obesity on the association between alcohol consumption and the incidence of
hypertension. The present study included 5116 male and 6077 female university employees with a median age of 32
(interquartile range 27-39) who underwent annual health checkups between January 2005 and March 2013. Self-reported
drinking frequency was recorded at their first checkup and categorized into rarely and 1-3, 4-6, and 7 days/week. During the
median observational period of 4.9 years (interquartile range 2.1-8.3), hypertension, defined as systolic/diastolic blood
pressure of 2140/90 mmHg and/or self-reported treatment for hypertension, was observed in 1067 (20.9%) men and 384
(6.3%) women. Poisson regression models adjusted for clinically relevant factors revealed a dose-dependent association
between drinking frequency and the incidence of hypertension in men (adjusted incidence rate ratio [95% confidence
interval] of men who drank rarely, 1-3, 4-6, and 7 days/week was 1.00 [reference], 1.12 [0.97-1.30], 1.42 [1.19-1.70], and
1.35 [1.14-1.59], respectively; Pgeng < 0.001). However, this association was not observed in women. The dose-dependent
association was significant in nonobese men (body mass index (BMI) <25 kg/mz), but not in obese men (BMI >25 kg/mz)
(P for interaction between drinking frequency and BMI = 0.072). The present study provides clinically useful evidence to
identify the drinkers who may reap the health benefits of abstinence from alcohol consumption.
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Introduction

Hypertension is one of the leading causes for the global
burden of disease [1]. Its deleterious effect is largely medi-
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ated through cardiovascular diseases (CVD). In addition to
genetic factors, a number of lifestyle factors affect the inci-
dence of hypertension [2, 3]. Along with smoking, obesity,
high salt intake, unhealthy diet, and physical inactivity,
alcohol consumption is one of the leading factors contribut-
ing to hypertension [4—6], especially in the Asian population
[7]. In Japan, 35% and 3% of cases of hypertension in men
and women, respectively, may be attributed to alcohol con-
sumption [8]. A systematic review of 36 randomized con-
trolled trials demonstrated that a reduction in alcohol intake
significantly lowered blood pressure [9].

Genetic and clinical characteristics of alcohol drinkers who
are vulnerable to hypertension should be elucidated to prevent
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alcohol-associated hypertension. Besides sex [10], previous
studies have suggested that gene polymorphism of key
enzymes of alcohol metabolism, alcohol dehydrogenase [11],
and aldehyde dehydrogenase [12], modified the association
between alcohol consumption and the incidence of hyper-
tension. In contrast to these genetic factors, little information
is available regarding modifiable clinical factors that affect the
association between alcohol consumption and the incidence
of hypertension. Obesity might be a potential predictor of
alcohol-associated hypertension, although conflicting results
have been reported from a Japanese cohort study (N = 1310)
[13] and a Chinese cohort study (N =2778) [14].

The present retrospective cohort study aimed to assess
the clinical impact of obesity on the association between
frequency of alcohol consumption and the incidence of
hypertension in 11,193 employees in a large national uni-
versity in Japan. The present study provides clinically
useful evidence to identify alcohol drinkers who may reap
the health benefits of abstinence from alcohol consumption.

Methods
Participants

Participants who were enrolled in this study were 16,265
employees of Osaka University who visited Osaka University
Health Care Center for annual health checkups between
January 2005 and March 2013. Among 16,232 (99.8%)
subjects aged 20-65 years, the following subjects were
excluded: (i) 1189 (7.3%) subjects with hypertension, defined
as systolic blood pressure 2140 mmHg, diastolic blood pres-
sure 290 mmHg, and/or self-reported treatment for hyperten-
sion; (ii) 64 (0.4%) subjects with missing baseline data at their
first visit during the entry period; and (iii) 3786 (23.3%)
subjects with no follow-up visit between their baseline visit
and March 2019. Finally, the present study included 11,193
(68.8%) normotensive subjects (5116 men and 6077 women)
with at least one follow-up visit. Because of the retrospective
nature of the present study, sample size was determined by
the number of employees of Osaka University who visited
Osaka University Health Care Center for their annual health
checkup during the entry period. The study protocol was
approved by the ethics committee of Health and Counseling
Center, Osaka University and Osaka University Hospital.
Informed consent was not obtained from participants,
according to the Japanese Ethical Guidelines for Medical and
Health Research Involving Human Subjects.

Measurements

The baseline parameters of each participant, including age;
sex; drinking frequency; smoking status; body mass index

(BMI) (=body weight [kg]/height® [m?]); systolic and dia-
stolic blood pressure; hemoglobin Alc level; serum con-
centrations of total cholesterol, triglycerides, and creatinine;
dipstick urinary protein of a random spot urine sample; and
self-reported treatments for hypertension, diabetes, dyslipi-
demia, and kidney disease were recorded at the initial visit
during the entry period. All participants were told to visit
after an overnight fast. Estimated glomerular filtration rate
(eGFR) was calculated using a three-variable equation
modified for the Japanese: eGFR (mL/min/1.73 m?) =
194 x age (year)_o‘287 X serum creatinine (mg/dL)_l‘094
(x0.739 for women) [15]. Dipstick urinary protein was
categorized as negative, trace, and 1+ or more. Drinking
frequency, smoking history, and current treatments for
hypertension, diabetes, dyslipidemia, and kidney disease
were obtained from self-reported standard questionnaires.
Drinking frequency was ascertained by the question “How
often do you drink per a week?” with responses of rarely,
1-3 days, 4-6 days, or every day. Smoking status was
classified into non-, past-, and current smokers according to
the question, “Do you smoke?” with possible answers “I do
not smoke”, “I quit smoking”, or “I smoke”. Current
treatments for hypertension, diabetes, dyslipidemia, and
kidney disease were determined according to a positive
answer to the question “Are you under treatment for
hypertension, diabetes, hyperlipidemia, or kidney disease?”

The outcome measure of the present study was the
incidence of hypertension, defined as systolic blood pres-
sure 2140 mmHg, diastolic blood pressure 290 mmHg, and/
or self-reported treatment for hypertension. The observa-
tional period was defined as the time from the baseline visit
to the incidence of hypertension or to the last visit before
March 2019, whichever came first.

To assess the degree to which the baseline drinking
frequency reflected the drinking frequency during the
follow-up period, answers to the question of drinking fre-
quency closest to 730, 1461, and 2191 days after the
baseline visit, with a window period of +185 days, were
retrieved. The data of the drinking frequency were missing
after March 2013 because the question of alcohol drinking
was changed thereafter.

All data were retrieved from the electronic database in
the Health and Counseling Center, Osaka University.

Statistical analyses

Baseline characteristics of 11,193 included subjects and
3786 excluded subjects with no follow-up visit were com-
pared using the unpaired #-test, Wilcoxon rank-sum test, or
chi-square test, as appropriate. Baseline characteristics
stratified by drinking frequency (rarely, 1-3 days, 4-6 days,
7 days) were compared using ANOVA, the Kruskal-Wallis
test, the chi-square test, or Fisher’s exact test, as
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appropriate. Reproducibility of the baseline drinking fre-
quency 2, 4, and 6 years after the baseline visit was assessed
using the weighted Cohen's kappa statistic. Reproducibility
with a kappa of <0.00, 0.00-0.20, 0.21-0.40, 0.41-0.60,
0.61-0.80, or 0.81-1.00 was regarded as poor, slight, fair,
moderate, substantial, or almost perfect, respectively [16].
Cumulative probabilities of the incidence of hyperten-
sion were calculated using the Kaplan—Meier method. The
association between drinking frequency and the incidence
of hypertension was assessed using the log-rank test for
trend and unadjusted and multivariable-adjusted Poisson
regression models. The adjusted incidence rate ratio of
drinking frequency was calculated after adjusting for age
(year), smoking status (non-, past-, vs. current smokers),
BMI (kg/m?), systolic blood pressure (mmHg), hemoglobin
Alc level (%), serum concentrations of total cholesterol
(mg/dL) and triglycerides (Log mg/dL), eGFR (mL/min/
1.73 m?), dipstick urinary protein (negative, trace, vs. 14 or
more), and current treatments for diabetes, dyslipidemia,
and kidney disease. The appropriateness of Poisson
regression models was tested with a goodness-of-fit test
using deviance statistics. Robust (Huber—White) sandwich-
based standard errors were used to validate inferences for
estimates in Poisson regression models. To assess the dose-
dependent association between drinking frequency and
incidence of hypertension in Poisson regression models,
Pyeng for drinking frequency was calculated, including
drinking frequency as a continuous independent variable.
Effect modification between drinking frequency and
BMI was assessed by incorporating their interaction term
into multivariable-adjusted models. A P value of <0.10 for
interaction was regarded as statistically significant. To
elucidate the interaction between drinking frequency and
BMI in men, we first assessed the association between
drinking frequency and the incidence of hypertension
in three subgroups, with BMI of <22.0, 22.0-24.9, and
>25.0 kg/m?, separately, and we then calculated incidence
rate ratios of 12 categories based on the 4 categories of
drinking frequency and the 3 categories of BMI.
Continuous variables are expressed as mean =+ standard
deviation or median (interquartile range), as appropriate, and
categorical variables as number (proportion). Statistical sig-
nificance was set at P<0.05, if not specified. Statistical
analyses were performed using Stata, version 15.0 (StataCorp
LLC, College Station, TX) and R, version 3.6.0 (The R
Foundation for Statistical Computing, www.r-project.org).

Results
The baseline characteristics of 11,193 included subjects and
3786 excluded subjects with no follow-up visit are listed in

the Supplementary Table. Despite statistically significant
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differences in age, smoking status, systolic and diastolic
blood pressure, and urinary protein, their differences did not
reach clinically meaningful levels, suggesting that their
baseline characteristics were comparable. The baseline
characteristics of 5116 men and 6077 women, stratified by
the four categories of drinking frequency, are listed in
Tables 1 and 2, respectively. The men who drank more
frequently were likely to have older age; current smoker
status; a negative result of dipstick urinary protein; higher
BMI, systolic blood pressure, and diastolic blood pressure;
higher levels of hemoglobin Alc, total cholesterol, and
triglycerides; and a lower eGFR than those who rank rarely
(P<0.05). The women who drank more frequently were
likely to have older age; current smoker status; a negative
result of dipstick urinary protein; higher systolic and dia-
stolic blood pressure; and lower hemoglobin Alc and eGFR
than those who drank rarely (P <0.05).

During the median observational period of 4.9 (inter-
quartile range 2.1-8.3) years, the onset of hypertension was
observed in 1067 (20.9%) men (Table 3) and 384 (6.3%)
women (Table 4). Subjects with higher drinking frequency
were at a higher risk of developing hypertension among
both men and women (Pyenq<0.001 in both men and
women) (Fig. 1). Unadjusted Poisson regression models
showed significant linear associations in both men and
women (Pyeng<0.001 and 0.001 in men and women,
respectively) (Fig. 2a). Even after adjusting for clinically
relevant factors, men who drank >4 days/week were at
significantly higher risk of hypertension in a dose-
dependent manner (adjusted incidence rate ratio of men
who drank rarely, 1-3, 4-6, and 7 days/week: 1.00
[Reference], 1.12 [0.97-1.30], 1.42 [1.19-1.70], and 1.35
[1.14-1.59], respectively; Pyenq <0.001). In contrast, no
significant linear association was observed in women
(adjusted incidence rate ratio of women who drank rarely,
1-3, 4-6, and 7 days/week: 1.00 [Reference], 1.06
[0.84-1.33], 1.09 [0.72-1.65], and 1.29 [0.93-1.77],
respectively; Pgeng = 0.140).

BMI modified the association between drinking fre-
quency and the incidence of hypertension in the adjusted
model in men, but not in women (P value for interaction
between drinking frequency and BMI = 0.072 and 0.910 in
men and women, respectively). To elucidate the male
effect modification, 5116 men were categorized into three
subgroups stratified by BMI (<22.0, 22.0-24.9, and 225.0
kg/m?), in whom the incidence rate of each drinking fre-
quency was calculated (Fig. 2b). A dose-dependent asso-
ciation between drinking frequency and the incidence of
hypertension was evident in nonobese men (BMI < 22.0 and
22.0-24.9 kg/m2), even after adjusting for clinically relevant
factors (Pyeng =0.012 and <0.001, respectively), whereas
this association was not evident in obese men (BMI
of 225.0 kg/rnz) (Pyeng = 0.178). To clarify any overall


http://www.r-project.org

Body mass index modifies the association between frequency of alcohol consumption and incidence of...

325

Table 1 Baseline characteristics
of 5116 men stratified by

drinking frequency

Table 2 Baseline characteristics
of 6077 women stratified by

drinking frequency

effect modification between drinking frequency and BMI,
men were classified into 12 categories (4 drinking fre-
quencies x 3 BMIs), and their incidence rate ratios were

Drinking frequency (days/week) P
Rarely 1-3 4-6 7
Number 2298 1565 530 723
Age (year) 32 (28-38) 32 (29-38) 35(30-43) 37 (32-47) <0.001
Non-smokers (N [%]) 1864 (81.1) 1132 (72.3) 333 (62.8) 404 (559) <0.001
Past smokers 152 (6.6) 178 (11.4) 93 (17.5) 113 (15.6)
Current smokers 282 (12.3) 255 (16.3) 104 (19.6) 206 (28.5)
Body mass index (kg/m?) 22.8+3.2 229+29 232+29 22927 0.043
Systolic blood pressure (mmHg) 114+11 114+11 117+10 117+10 <0.001
Diastolic blood pressure (mmHg) 71+9 72+9 74+9 75+8 <0.001
Hemoglobin Alc (%) 52+0.4 52+0.4 52+04 52+04 0.016
Total cholesterol (mg/dL) 190+ 34 190 +32 197 +33 199 + 31 <0.001
Triglyceride (mg/dL) 77 (54-116) 78 (56-114) 86 (60-125) 86 (57-129)  0.001
eGFR (mL/min/1.73 m?) 88+ 14 88+13 87+13 85+ 14 <0.001
Urinary protein, negative (N [%]) 2043 (88.9) 1397 (89.3) 483 (91.1) 664 (91.8) 0.020
Trace 169 (7.4) 114 (7.3) 23 (4.3) 31 (4.3)
14 or more 86 (3.7) 54 (3.5) 24 (4.5) 28 (3.9)
Current treatment for diabetes (N [%]) 18 (0.8) 7(0.4) 3 (0.6) 2 (0.3) 0.413
Hyperlipidemia 15 (0.7) 11 (0.7) 6 (1.1) 6 (0.8) 0.622
Kidney disease 4(0.2) 1(0.1) 0 (0.0 1(0.1) 0.871

The data are represented as mean + standard deviation or median (interquartile range)

eGFR estimated glomerular filtration rate

Drinking frequency (days/week) P
Rarely 1-3 4-6 7
Number 3871 1592 281 333
Age (year) 30 (25-37) 30 (25-37) 33 (28-40) 37 (32-44) <0.001
Non-smokers (N [%]) 3,602 (93.1) 1,422 (89.3) 235 (83.6) 242 (72.7) <0.001
Past smokers 135 (3.5) 98 (6.2) 21 (7.5) 40 (12.0)
Current smokers 134 (3.5) 72 (4.5) 25 (8.9) 51 (15.3)
Body mass index (kg/m?) 20.6+2.9 204 +2.5 20624  204x24 0.176
Systolic blood pressure (mmHg) 106 + 11 106 + 10 108 11 110+ 11 <0.001
Diastolic blood pressure (mmHg) 65+9 64+9 66+9 69+ 10 <0.001
Hemoglobin Alc (%) 5.3+0.3 52+03 52+03 52+04 <0.001
Total cholesterol (mg/dL) 186 +31 184 £30 185+30 188 31 0.145
Triglyceride (mg/dL) 51 39-69) 50 (39-66) 50 (39-65) 53 (41-69)  0.143
eGFR (mL/min/1.73 m?) 95+17 94 +16 93+17 89+ 14 <0.001
Urinary protein, negative (N [%]) 3,285 (84.9) 1,354 (85.1) 242 (86.1) 305 (91.6) 0.038
Trace 338 (8.7) 129 (8.1) 25 (8.9) 18 (5.4)
1+ or more 248 (6.4) 109 (6.8) 14 (5.0) 10 (3.0)
Current treatment for diabetes (N [%]) 3 (0.1) 0 (0.0) 1(0.4) 1(0.3) 0.093
Hyperlipidemia 17 (0.4) 5(0.3) 0 (0.0) 0 (0.0) 0.650
Kidney disease 7 (0.2) 2 (0.1) 1(0.4) 0 (0.0) 0.645

The data are represented as mean =+ standard deviation or median (interquartile range)

eGFR estimated glomerular filtration rate

calculated, regarding rare drinkers with BMI < 22.0 kg/m?
as a reference (Fig. 2c¢). In an unadjusted model, men with
BMI 25 kg/m? were at markedly higher risk of the
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Table 3 Incidence of

X T Drinking frequency (days/week) P
hypertension and drinking
frequency during the Rarely 1-3 4-6 7
gt]’i%rvnite‘gnal period in Observational period (years) 52(22-89) 5.1(21-85) 50 (22-90) 50(23-86)  0.581
Incidence of hypertension (N [%]) 406 (17.7) 274 (17.5) 159 (30.0) 228 (31.5) <0.001
Incidence rate per 1000 PY (95% CI) 30 (27-33) 31 (28-35) 51 (44-60) 55 (48-63)
Drinking frequency during the observational period
Number at risk at 2 years 1816 (79.0) 1217 (77.8) 420 (79.2) 581 (80.4) 0.534
Drinking frequency, available®® (N [%]) 1120 (61.7) 742 (61.0) 274 (65.2) 407 (70.1) 0.001
Rarely (N [%]) 942 (84.1) 136 (18.3) 11 (4.0 10 (2.5)
1-3 days 158 (14.1) 490 (66.0) 80 (29.2) 31 (7.6)
4-6 days 14 (1.3) 88 (11.9) 123 (44.9) 76 (18.7)
7 days 6 (0.5) 28 (3.8) 60 (21.9) 290 (71.3)
Number at risk at 4 years 1353 (58.9) 905 (57.8) 300 (56.6) 422 (58.4) 0.782
Drinking frequency, available® (N [%]) 664 (49.1) 435 (48.1) 162 (54.0) 261 (61.8) <0.001
Rarely 529 (79.7) 97 (22.3) 8 (4.9) 934
1-3 days 116 (17.5) 255 (58.6) 51 31.5) 21 (8.0)
4-6 days 12 (1.8) 51 (11.7) 58 (35.8) 47 (18.0)
7 days 7 (1.1) 32 (74) 45 (27.8) 184 (70.5)
Number at risk at 6 years 1020 (44.4) 681 (43.5) 234 (44.2) 294 (40.7) 0.365
Drinking frequency, available® (N [%]) 394 (38.6) 256 (37.6) 108 (46.2) 148 (50.3) <0.001
Rarely 300 (76.1) 52 (20.3) 5 (4.6) 3 (2.0
1-3 days 81 (20.6) 155 (60.5) 33 (30.6) 16 (10.8)
4-6 days 8 (2.0) 31 (12.1) 37 (34.3) 32 (21.6)
7 days 5(1.3) 18 (7.0) 33 (30.6) 97 (65.5)

The data are represented as median (interquartile range)

CI confidence interval, PY person-year

“The data of drinking frequency were missing after March 2013, because a question of drinking frequency

was changed thereafter

PReproducibility of the baseline drinking frequency at 2, 4, and 6 years after the baseline visit were 0.82,
0.78, and 0.76 of weighted kappa statistics, respectively

incidence of hypertension compared with those with BMI <
22.0kg/m? and drinking frequency of 4-7 days/week.
However, after multivariable adjustment, the incidence rate
ratio of men with BMI >25 kg/m? was comparable with the
ratio of those with BMI<22.0kg/m” and drinking fre-
quency of 4-7 days/week (rarely, 1-3, 4-6, 7 days/week
drinking frequency with BMI<22.0kg/m* 1.00 [refer-
ence], 1.34 [1.01-1.78], 1.71 [1.20-2.41], 1.61 [1.21-2.15];
rarely, 1-3, 4-6, 7 days/week drinking frequency with
BMI 22.0-24.9 kg/m* 1.18 [0.2-1.51], 1.29 [1.00-1.68],
1.72 [1.29-2.29], 1.85 [1.41-2.43]; rarely, 1-3, 4-6,
7 days/week drinking frequency with BMI >25.0 kg/m?:
1.87 [1.47-2.39], 1.90 [1.45-2.49], 2.30 [1.63-3.25],
1.75 [1.26-2.43)).

To assess whether the baseline drinking frequency
reflected the drinking frequency during the observational
period, we assessed the reproducibility of drinking fre-
quency 2, 4, and 6 years after the baseline visit (Tables 3
and 4). Among 4034 (78.9%) men who were at risk 2 years
after the baseline visit, the data of drinking frequency at 2
years after the baseline visit were available in 2543 (63.0%)
men. Their reproducibility of drinking frequency was
almost perfect (weighted Cohen's kappa statistics = 0.82).
The reproducibility at 4 and 6 years after the baseline visit
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was substantial (weighted Cohen's kappa statistics = 0.78
and 0.76, respectively), suggesting that the baseline drink-
ing frequency reflected the drinking frequency during the
observational period in men. Substantial reproducibility was
also observed in women (weighted Cohen's kappa statistics
at 2, 4, and 6 years after the baseline visit =0.74, 0.71, and
0.70, respectively) (Table 4).

Discussion

The present study identified drinking frequency as a predictor
of hypertension in men, especially in nonobese men. The
results of the current study suggest that a reduction in alcohol
consumption might be more effective in nonobese men than
obese men. One of the advantages of the present study was a
large sample size (5116 men and 6077 women), which
enabled statistically meaningful analyses in men and women
separately to elucidate a sex-dependent association between
drinking frequency and the incidence of hypertension. Other
advantages were the inclusion of an Asian population, who
are vulnerable to alcohol-induced hypertension [7], and a
robust assessment showing the substantial reproducibility of
the baseline drinking frequency during the observational
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Table 4 IpCidence O‘f . Drinking frequency (days/week) P
hypertension and drinking
frequency during the Rarely 1-3 4-6 7
28;67”;2;1:;1 period in Observational period (years) 47 21-7.9) 43 (2.1-80) 50 (24-80) 52 (27-9.1) 0011
Incidence of hypertension (N [%]) 233 (6.0) 82 (5.2) 24 (8.5) 45 (13.5) <0.001
Incidence rate per 1000 PY (95% CI) 11 (10-13) 10 (8-12) 15 (10-23) 22 (16-30)
Drinking frequency during the observational period
Number at risk at 2 years 2994 (77.3) 1219 (76.6) 227 (80.8) 277 (83.2) 0.033
Drinking frequency, available®® (V [%]) 1983 (66.2) 804 (66.0) 136 (59.9) 177 (63.9) 0.242
Rarely (N [%]) 1749 (88.2) 263 (32.7) 14 (10.3) 12 (6.8)
1-3 days 210 (10.6) 449 (55.8) 42 (30.9) 17 (9.6)
4-6 days 10 (0.5) 71 (8.8) 55 (40.4) 27 (15.3)
7 days 14 (0.7) 21 (2.6) 25 (18.4) 121 (68.4)
Number at risk at 4 years 2163 (55.9) 847 (53.2) 166 (59.1) 215 (64.6) 0.001
Drinking frequency, available®® (V [%]) 1084 (50.1) 404 (47.7) 78 (47.0) 110 (51.2) 0.556
Rarely 933 (86.1) 129 (31.9) 11 (14.1) 9 (8.2)
1-3 days 132 (12.2) 212 (52.5) 31 (39.7) 15 (13.6)
4-6 days 16 (1.5) 49 (12.1) 24 (30.8) 22 (20.0)
7 days 3(0.3) 14 (3.5) 12 (15.4) 64 (58.2)
Number at risk at 6 years 1419 (36.7) 613 (38.5) 112 (39.9) 147 (44.1) 0.034
Drinking frequency, available®® (V [%]) 530 (37.4) 218 (35.6) 38 (33.9) 65 (44.2) 0.228
Rarely 440 (83.0) 59 (27.1) 5(13.2) 6(9.2)
1-3 days 76 (14.3) 115 (52.8) 14 (36.8) 3 (4.6)
4-6 days 9 (1.7) 28 (12.8) 11 (28.9) 10 (15.4)
7 days 5(0.9) 16 (7.3) 8 (21.1) 46 (70.8)

The data are represented as median (interquartile range)

CI confidence interval, PY person-year

“The data of drinking frequency were missing after March 2013, because a question of drinking frequency

was changed thereafter

PReproducibility of the baseline drinking frequency at 2, 4, and 6 years after the baseline visit were 0.74,
0.71, and 0.70 of weighted kappa statistics, respectively
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Fig. 1 Cumulative probabilities of the incidence of hypertension in 5116 men and 6077 women stratified by drinking frequency

period (Tables 3 and 4). The results of the present study might

one of the major risk factors of CVD.

Conflicting effect modifications between alcohol con-
provide clinically useful evidence to establish an effective  sumption and obesity have been reported in Asian cohort
strategy to prevent the incidence of hypertension, which is studies. A Chinese cohort study, the Prevention of Meta-

bolic Syndrome and Multimetabolic disorders in Jiangsu
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A Drinking frequency and hypertension in males and females
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Province of China Study, including 1097 men and 1681
women, showed an additive interaction of current drinking
and abdominal obesity (waist 290 and 80 cm for men and
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<« Fig. 2 Drinking frequency and the incidence of hypertension in 5116

men and 6077 women (a) and in male subgroups stratified by body
mass index (b). Overall effect modification between drinking fre-
quency and body mass index in men (c). Incidence rates were calcu-
lated using Poisson regression models unadjusted and adjusted for age
(years), smoking status (non-, past-, vs. current smoking), body mass
index (kg/mz) (in a and b, not c¢), systolic blood pressure (mmHg),
total cholesterol (mg/dL), triglycerides (log mg/dL), hemoglobin Alc
(%), estimated glomerular filtration rate (ml/min/1.73 mz), dipstick
urinary protein (negative, trace, vs. 14 or more), and self-reported
current treatments for dyslipidemia, diabetes, and kidney disease. The
Pieng for drinking frequency in adjusted models has been described in
a and b. The P value for the interaction between drinking frequency
and body mass index in adjusted models in a was 0.072 and 0.910 in
men and women, respectively

women, respectively) on the incidence of hypertension [14],
suggesting that abdominal obesity might substantially
enhance the risk of alcohol-induced hypertension. In con-
trast, a Japanese cohort study, including 1310 men who
were office workers, reported a significant linear association
between alcohol consumption and the incidence of hyper-
tension in nonobese men with BMI< 24.2 kg/mz, whereas
such an association was not observed in obese men with
BMI >24.2 kg/m? [13]. This cohort study suggested that
obesity might attenuate the risk of alcohol-induced hyper-
tension in men. The present study, with a larger sample size,
confirmed the results of the previous Japanese male cohort
study. In contrast to previous studies including only men,
the present study found a sex-specific association between
alcohol consumption and the incidence of hypertension.
However, the results of this study, including 11,193
employees of a national university and 1310 office workers
in a company in Japan, should be verified in a larger cohort
with higher generalizability.

The mechanism of the smaller impact of alcohol con-
sumption on hypertension in obese men is unknown. The
variability in first-pass metabolism of alcohol might affect the
effect modification between alcohol consumption and obesity.
Several randomized crossover trials have demonstrated that
food intake before alcohol consumption significantly decrea-
ses the bioavailability of alcohol compared with alcohol
consumption on the empty stomach [17, 18]. Thus, excessive
food intake in obese men may suppress the detrimental effects
of high alcohol consumption. Another potential link between
obesity and the bioavailability of alcohol may be delayed
gastric emptying, which results in an enhanced first-pass
metabolism of alcohol [19]. Several studies have reported that
higher BMI is associated with delayed gastric emptying
[20, 21], suggesting lower bioavailability of alcohol in obese
subjects. After the first-pass metabolism, the distribution
volume of alcohol is strongly correlated with total water
volume [22]. Thus, obese subjects are more likely to have
lower blood alcohol concentrations than nonobese subjects
[23]. Many other factors may contribute to the effect



Body mass index modifies the association between frequency of alcohol consumption and incidence of... 329

modification between alcohol consumption and obesity,
which should be elucidated in further studies.

In the present study, in contrast to men, no significant
association between frequency of alcohol consumption and
the incidence of hypertension was observed in women after
adjusting for clinically relevant factors. Several cohort stu-
dies have also reported that the association between alcohol
consumption and the incidence of hypertension was stron-
ger in men than women [24, 25]. A systematic review
including 16 cohort studies (33,904 men and 193,752
women) reported similar results [26]. A smaller number of
subjects and no information on daily alcohol consumption
(g/day) in the present study might have underestimated the
association between alcohol consumption and the incidence
of hypertension in women, leading to no significant asso-
ciation between drinking frequency and the incidence of
hypertension. Because inflammation and adipocytokines are
associated with blood pressure in different manners between
men and women [27], the sex difference in the association
between alcohol consumption and the incidence of hyper-
tension should be assessed in further studies.

Besides the lack of information on daily alcohol con-
sumption described above, the present study has several
limitations. First, self-reported drinking frequency may be
biased, especially in obese subjects. Many studies have
reported that dietary intake is likely to be underreported in
obese subjects [28, 29]. The lack of a linear association
between drinking frequency and the incidence of hyper-
tension in obese men might be partly due to biased answers.
Some potential biomarkers of chronic alcohol consumption
[30] will be helpful in estimating the unbiased association in
obese men in a future study. Second, the association
between drinking frequency and the incidence of hyper-
tension might be confounded by salt intake, one of the
major nutritional determinants of hypertension [31]. A large
Japanese cohort study has reported that men with higher salt
intake had a higher prevalence of alcohol drinkers [32, 33],
suggesting a positive association between alcohol con-
sumption and salt intake. In contrast, no association
between salt intake and the prevalence of daily alcohol
consumers was observed in women. The sex difference in
the present study might be partly due to an effect mod-
ification between sex and salt intake with alcohol con-
sumption. Their association should be assessed in a well-
designed cohort study. Third, although several cohort stu-
dies have shown that wine, beer, and liquor have different
effects on the incidence of hypertension [34, 35], the pre-
sent study had no information on each type of alcoholic
beverage. Fourth, information on past drinking was not
available in the present study. Sick quitters, the past smo-
kers who quit drinking due to medical problems, might have
affected the association between drinking frequency and the
incidence of hypertension. Given that these sick quitters are

at a higher risk of cardiometabolic diseases, including
hypertension, the association between drinking frequency
and the incidence of hypertension was biased toward the
null hypothesis. If we consider past drinkers, the association
between drinking frequency and the incidence of hyper-
tension is probably stronger than that observed in the
present study.

In conclusion, the present study identified a higher
frequency of alcohol consumption as a significant pre-
dictor of incident hypertension in nonobese men but not in
obese men, whereas no association between the frequency
of alcohol consumption and the incidence of hypertension
in women was observed. These results suggest that the
reduction of alcohol consumption may be effective in
nonobese men for the prevention of hypertension. Its
efficacy should be evaluated in well-designed randomized
controlled trials.
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