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Heavy alcohol intake increases the risk of hypertension,
but the relationship between light to moderate alcohol
consumption and incident hypertension remains controver-
sial. The authors sought to analyze the dose-response
relationship between average daily alcohol consumption
and the risk of hypertension via systematic review and
meta-analysis. Electronic databases were searched for
prospective control studies examining quantitative mea-
surement of alcohol consumption and biological measure-
ment of outcome. The primary endpoint was the risk of
developing hypertension based on alcohol consumption.
The level of alcohol consumption from each study was
assigned to categorical groups based on the midpoint of
their alcohol consumption classes to make possible the
comparison of heterogeneous classification of alcohol
intake. A total of 16 prospective studies (33,904 men and
193,752 women) were included in the analysis. Compared
with nondrinkers, men with alcohol consumption with
<10 g/d and 11 to 20 g/d had a trend toward increased
risk of hypertension (relative risk [RR], 1.03; 95% confi-
dence interval [Cl], 0.94-1.13; P=.51) and (RR, 1.15; 95%

Cl, 0.99-1.33; P=.06), respectively, whereas a significantly
increased risk of hypertension was found with heavy
alcohol consumption of 31 to 40 g/d (RR, 1.77; 95% CI,
1.39-2.26; P<.001) and >50g/d (RR, 1.61; 95% CI,
1.38-1.87; P<.001). Among women, the meta-analysis
indicated protective effects at <10 g/d (RR, 0.87; 95%
Cl, 0.82-0.92; P<.001) and a trend toward decreased risk
of hypertension with alcohol consumption 11 to 20 g/d
(RR, 0.9; 95% CI, 0.87-1.04; P=.17), whereas a signifi-
cantly increased risk of hypertension was indicated with
heavy alcohol consumption of 21 to 30 g/d (RR, 1.16;
95% CI, 0.91-1.46; P=.23) and 31 to 40 g/d (RR, 1.19;
95% ClI, 1.07-1.32; P=.002). In men, heavy alcohol con-
sumption is associated with increased risk of hypertension,
whereas there is a trend toward increased risk of hyperten-
sion with low and moderate alcohol consumption. The rela-
tionship between alcohol consumption and hypertension is
J-shaped in women. Limiting alcohol intake should be
advised for both men and women. J Clin Hypertens (Green-
wich). 2012;14:792-798. ©2012 Wiley Periodicals, Inc.

Hypertension is a prevalent condition that affects
approximately 65 million individuals in the United
States based on a preliminary report from the National
Health and Nutrition Examination Survey (NHANES)
2005-2006 and coincident US population estimates.'
Due to its increasing clinical and public health impor-
tance, examining the risks or benefits of alcohol
consumption in patients with hypertension is needed
to assist clinicians in developing appropriate strategies
of prevention. In observational studies, moderate
alcohol consumption has been associated with lower
incidence of cardiovascular diseases such as coronary
artery disease, stroke, heart failure, and peripheral
vascular disease.”

Epidemiologic evidence suggests that heavy alcohol
consumption is strongly associated with increased risk
of hypertension.”® However, the effects of light to
moderate alcohol intake on blood pressure (BP)
remain unclear and controversial. Some previous stu-
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dies have reported a linear association between alcohol
intake and BP among men,”® while others have
reported a threshold only above which there is an
association in both men and women,”'? and still oth-
ers a J- or U-shaped association among women,'"!?
with the nadir among light to moderate alcohol drink-
ers. These inconclusive results may have resulted in
part from ethnic or lifestyle differences in the study
populations but also may have been strongly influ-
enced by different methods used to investigate the
association between alcohol intake and BP. The objec-
tive of the present study was to perform a systematic
review and meta-analysis of the published prospective
studies to separately assess the risk of development of
hypertension over a long-term period among men and
women based on their levels of alcohol consumption.

MATERIALS AND METHODS

Search Strategy

We systematically searched the electronic databases
MEDLINE, PubMed, Embase, and the Cochrane
Library for Central Register of Clinical Trials using
the MESH terms “alcohol,” “hypertension,” “blood
pressure,” and the names of individual alcoholic bev-
erages. We limited our search to studies in human

subjects and English language in peer-reviewed
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Potentially relevant articles identified and screened
for retrieval (n = 50)

| Excluded after reading title/abstract as
did not satisfy inclusion criteria (n=32)

{ Trials relieved for more detailed evaluation (n = 18) }

M ’{ Excluded: 2 studies, poor study desing, insufficient data }

{ 16 studies included in the analysis }

FIGURE 1. Preferred Reporting Items for Systematic Reviews and
Meta-Analyses (PRISMA) flow diagram of study selection.

journals from 1990 to May 2012. Additionally, a
manual search of all relevant references from the
screened articles and reviews was performed for addi-
tional clinical studies (Figure 1).

Study Selection

Eligible studies included (1) prospective studies assess-
ing the effects of alcohol consumption on long-term
risk of hypertension; (2) studies reporting outcomes of
interest, including number of patients who developed
hypertension; and (3) at least 3 different nonoverlap-
ping levels of drinking categories to allow estimation
of dose-response relationship; and (4) studies with at
least 1 year of follow-up in each study arm. Exclusion
criteria included (1) persons who consumed alcohol
used as controls; (2) absence of quantitative descrip-
tion of endpoints; (3) lack of clear and reproducible
results; and (4) studies in the abstract form without a
published manuscript in a peer-reviewed journal.

Data Extraction and Quality

The data was independently extracted by two authors
(V.A. and A.B.) using standardized protocol, and
reporting form disagreements were resolved by
arbitration (F.M.) and consensus was reached after
discussion. We extracted characteristics of each study
(type of design with duration of alcohol consumption
and methods), baseline demographics, number of indi-
viduals in different drinking categories, number of
patients who developed hypertension in different
drinking categories for our analysis. Authors of the
papers were individually contacted in case the data
were unclear.

Outcomes Assessed

Our primary outcome was the effect of different alco-
hol consumption categories on the long-term risk of
developing hypertension.

Definition of Different Alcohol Consumption
Categories

Measurement of alcohol consumption varied among
studies. The definition of different categories of
alcohol consumption (light, moderate, and heavy)
differed substantially among studies. It was based
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on the amount of alcohol in grams per day (g/d),
per week or per month, or the frequency of alcohol
consumption per day. Several studies reported
alcohol data by using a standard unit of alcohol
measurement, called “drinks,” which contained
varying amount of alcohol and differed from coun-
try to country. Therefore, to obtain meaningful
results in terms of risk assessment, it was important
to carefully define the categories of alcohol con-
sumption. In order to facilitate direct comparison
between studies, alcohol consumption data were
converted into the same unit (g/d). If a study did
not provide data about the quantity of alcohol
equivalent to a standard drink, the average alcohol
consumption was assumed to be 12 g per drink in
studies performed in the United States, 10 g per
drink in studies carried out in the United Kingdom
and Europe, and 21.2 g per drink in Japan.'?

Data Analysis and Synthesis

An intention-to-treat traditional meta-analysis was
performed in line with recommendations from the
Cochrane Collaboration, the Preferred Reporting Items
for Systematic Reviews and Meta-Analyses (PRISMA)
Statement, and the Meta-Analysis of Observational
Studies in Epidemiology (MOOSE) guidelines. All
analyses were performed by performed by metan com-
mand of Stata 10.1 (StataCorp, College Station, TX).
Heterogeneity was assessed with the I statistic, with
I* <25% considered low and I* >75% considered
high. The association between the risk of development
of hypertension and amount of alcohol intake was
calculated separately for each alcohol consumption
category for men and women separately by treating
the nondrinker group as the reference group. Since we
expected individual studies to differ in baseline patient
characteristics, type and amount of alcohol consump-
tion, and the length of follow-up, we decided a priori
to use a DerSimonian-Laird random-effects model
for relative risk (RR) estimation for all outcomes.
Reported values are two-tailed, and hypothesis testing
results were considered statistically significant at
P<.05. Small study effect, including publication bias,
was tested using funnel plot and Egger test. We sepa-
rately analyzed the effects of alcohol consumption on
the two sexes.

Based on their daily alcohol intake, men were cate-
gorized into 7 drinking categories based on increments
of 10 g/d of alcohol consumption: abstainers (non-
drinkers), <10 g/d, 10 to 20 g/d, 20 to 30 g/d, 30 to
40 g/d, 40 to 50 g/d, and >50 g/d. Similarly, women
were categorized into 5 groups: abstainers (nondrink-
ers), <10 g/d, 10 to 20 g/d, 20 to 30 g/d, and 30 to
40 g/d. We assigned the level of alcohol consumption
from each study to these groups based on the midpoint
of the upper and lower boundaries in each category as
the average intake. This categorization of alcohol
drinking makes possible the comparison of hetero-
geneous classification of alcohol intake among the
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different studies and at the same time allows inclusion
of data from studies in which precise information on
levels of alcohol consumption were not available.
When the upper bound of the highest category was
not specified, we used the range of the previous
reported category. The alcohol habits were assumed to
be stable during the follow-up period.

One of the largest prospective cohort studied, con-
ducted by Klatsky colleagues,'® was not included in
our analysis. The authors studied cardiovascular
effects of alcohol separately in heavy drinkers
(>3 drinks per day), light drinkers (<2 drinks per
day), exdrinkers, and abstainers among 127,212
patients for 13.5 years. Although the authors did not
report data separately on men and women, they con-
cluded that any drinking level is far from benign and
is associated with increased risk of hypertension and
adverse cardiovascular outcomes.

RESULTS

Study Selection and Baseline Characteristics

Based on our search strategy, we initially identified 50
potential relevant articles. Based on our inclusion cri-
teria, 33 articles were rejected. Of the 17 remaining

articles, the study by Klatsky colleagues was excluded
because it did not separately report the effects of
alcohol consumption on men and women'* (Figure 1).
This approach enabled us to minimize the bias related
to differences other than alcohol consumption between
individuals. Of these 16 articles, one included data on
hypertension risk in both men and women. We identi-
fied 16 prospective cohort studies including 33,904
men and 193,752 women who recorded their drinking
habits and evaluated the risk of developing hyperten-
sion (TableI and Table II). This difference in the
overall number of men and women is due to the pre-
dommantly female population in the studles by Asche-
rio collea ues,”>  Sesso colleagues Thadhani
colleagues,’ and Witteman colleagues.'® The average
follow-up duration was 7.6 years for women and
9.8 years for men.

Effects of Different Alcohol Consumption
Categories on Hypertension Risk

In men, the random-effects model showed a signifi-
cantly increased risk of hypertension with alcohol
consumption of 31 to 40 g/d (RR, 1.77; 95% confi-
dence interval [CI], 1.39-2.26; P<.001) and >50 g/d
(RR, 1.61; 95% CI, 1.31-1.87; P<.001). There was a

Hypertension in Men

TABLE I. Characteristics of Included Studies That Examined the Association Between Alcohol Consumption and

Hypertensive
Author Year Type of Study Country Age, y Participants, No. Patients, No. Follow-up, y
Halanych'® 2010 Prospective cohort United States 24.8 4711 941 20
Sesso'® 2008 Prospective cohort United States 52.2 13,455 6012 17
Stranges®® 2004 Prospective cohort United States 56.1 2609 592 6
Ohmori?' 2002 Prospective cohort Japan 50 413 120 10
Tsuruta®? 2000 Prospective cohort Japan 49.5 325 93 12
Yamada®® 1991 Prospective cohort Japan 42.6 1393 77 5
Saremi®* 2004 Prospective cohort United States 37 1551 422 14
Curtis® 1997 Prospective cohort United States 34.8 488 131 5
Fuchs® 2001 Prospective cohort United States 53.6 3553 601 6
Nakanishi?® 2002 Prospective cohort Japan 23-60 5275 798 4
Nakanishi?® 2001 Prospective cohort Japan 43.2 1310 458 9

Hypertension in Females

TABLE Il. Characteristics of Included Studies That Examined the Association Between Alcohol Consumption and

Control Hypertensive
Author Year Type of Study Country Age, y Patients, No. Patients, No. Follow-up, y
Ascherio'® 1996 Prospective cohort United States 30-55 150,522 2526 4
Sesso'® 2008 Prospective cohort United States 53.4 28,848 8680 9.8
Thadani'” 2002 Prospective cohort United States 35.3 70,891 4188 8
Wiiteman'® 1989 Prospective cohort United States 30-55 58,218 3320 4
Saremi®* 2004 Prospective cohort United States 36.7 2240 395 14
Fuchs® 2001 Prospective cohort United States 52.6 4584 654 6
Klatsky?° 2006 Prospective cohort United States 50 74,441 26,340 13.5
y p

The study by Klatsky and colleagues included a predominantly female population.
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trend towards increased risk of hypertension with
alcohol consumption of <10 g/d (RR, 1.03; 95% CI,
0.94-1.13; P=.51), 11 to 20 g/d (RR, 1.15; 95% CI,
0.99-1.33; P=.06), 21 to 30 g/d (RR, 1.07; 95%
CI, 0.86-1.34; P=.54), and 41 to 50 g/d (RR, 1.17;
95% CI, 0.84-1.65; P=.34) (Figures 2—4).

In women, the random-effects model showed a
significantly decreased risk of hypertension with alco-
hol consumption of <10 g/d (RR, 0.87; 95% CI,
0.82-0.92; P<.001) and a trend toward decreased risk
of hypertension with alcohol consumption 11 to
20 g/d (RR, 0.9; 95% CI, 0.87-1.04; P=.17). The
meta-analysis revealed a significantly increased risk of
hypertension with alcohol consumption of 31 to
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40 g/d (RR, 1.19; 95% CI, 1.07-1.32; P=.002) and a
trend toward increased risk of hypertension with
alcohol consumption of 21 to 30 g/d (RR, 1.16; 95%
CI, 0.91-1.46; P=.23).

Despite the methodologic differences with previous
meta-analysis, the results of the present study are
similar to those reported by reported by Taylor and
colleagues who also showed a modest protective
effect of alcohol consumption in women at low
doses.?”

Publication Bias
The funnel plots did not show marked asymmetry and
all Egger’s tests were not significant.

Male Distribution:
Number of  Hypertensives / Relative Risk
Category  Studies  Total Participants {(95% C1)  p-value |2
<10 gramsiday 6 5,083/14 440 —f— 1.03(0.94-1.13) 051 38%
11-20 grams/day 11 2,327/7,501 1.15(0.99- 1.33) 006 T71%
21-30 grams/day 4 386/1.218 b e 1.079086-1.34) 054 66%
31-40 grams/day 4 4171475 —— 1.77(1.39-2.26) <0.001 51%
41-50 grams/day 2 921649 _— 1.17(0.84- 165) 034  33%
> 50 gramsiday 5 4651376 1.61(1.38- 1.87) =0.001 0%
1 I
0.8 1 2.3
Female Distribution:
Number of Hypernensives / Relative Risk
Category  syudies Total Participants (95% C1) p-value 12
<10 gramsiday 5 8.515/151,600 —— 0.87(0.82-092) D001 ET%
11.20gramsiday & 1,341/36,398 09(087-104) D17  76%
21-30gramsiday 4 1.32314.601 1.16(091-1.45) 023 2%
3-40gramsiday & 3447 356 —_—— 1.19(1.07- 1.32) 0002 0%
L] T
0.75 1.0 1.5

FIGURE 2. Risk of hypertension in men and women based on different alcohol consumption categories. Cl indicates confidence interval.
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FIGURE 3. Relationship between average daily alcohol consumption
and the risk of hypertension in men. RR indicates relative risk;
Cl, confidence interval.
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FIGURE 4. Relationship between average daily alcohol consumption
and the risk of hypertension in women. RR indicates relative risk;
Cl, confidence interval.

DISCUSSION

Our results confirmed that irrespective of sex, heavy
alcohol intake increases hypertension risk. In our
analysis, however, we found that the association
between light to moderate alcohol intake and the risk
of developing hypertension differed among women
and men. Among women, there is a possible J-shaped
association between amount of alcohol intake and the
risk of developing hypertension, in which light to
moderate alcohol consumption modestly lowered
hypertension risk, whereas heavier consumption of
>20 g/d significantly increased hypertension risk. Our

analysis results are consistent with the results of previ-
ous cross-sectional studies.””'"'? Among men, the
relationship was more linear up to a dose of 40 g/d,
after which the risk of development of hypertension
appears to plateau. In the present meta-analysis we
used only prospective studies that explored the longi-
tudinal risk of hypertension after long-term alcohol
consumption. We purposely excluded studies of
transient effects of alcohol consumption associated
commonly with acute alcohol consumption.

The association between light-moderate drinking
and reduced risk of cardiovascular disease mortality is
established.”™ However, the mechanisms underlying
any inverse association between light to moderate
alcohol consumption and hypertension may differ
from those for coronary heart disease, because only
women appear to have a reduced risk of hypertension.
In men, light to moderate alcohol consumption contin-
ued to be associated with higher risk of hypertension.

In both men and women, heavy alcohol consump-
tion has adverse effects on cardiovascular outcomes;
however, it is unclear whether there are significant sex
differences in this effect. Chronic exposure to alcohol
alters the production of this same set of hormones (ie,
estrogen and testosterone), and hence alcohol’s effects
on the cardiovascular system could involve an indirect
mechanism in which alcohol alters hormone levels
and, in turn, the hormones affect BP.

Alternatively, differences in the pattern of drinking,
beverage choices, and smoking habits may contribute
to the observed sex differences. The health effects of
drinking may depend on drinking pattern, and failure
to differentiate episodic from regular drinkers may
obscure real associations. Previous work has shown
that substantially more episodic drinking episodes
occur among men. Although some cross-sectional stud-
ies suggest that daily drinking is associated with a
stronger alcohol-BP association than episodic drink-
ing,">?% others do not.?’ Notably, previous studies
suggested that the J-shaped relationship to hyperten-
sion may be the result of previously hypertensive
individuals lowering their alcohol intake,'! leading to
a falsely elevated risk of hypertension among those
considered nondrinkers. As regards the role of differ-
ent alcoholic beverages, available data suggest that

beverage choice has no important independent role
on BP.*°

LIMITATIONS

As with other meta-analyses of published studies, the
present analysis has several limitations. First, its qual-
ity is inherited from the validity of the original
included studies. There was significant heterogeneity
among the studies with respect to the design of the
studies, the baseline characteristics of the enrolled
patients and their comorbidities, amount of alcohol
intake, and duration of follow-up, among others. The
studies had variable BP cut-offs for the diagnosis of
hypertension, with two studies using a cut-off of
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160795 mm Hg for the diagnosis of hypertension,®?3

resulting in a lower number of cases identified. When
interpreting these data it must be remembered that
there were a variable number of participants in the
various categories of alcohol consumption. Hence,
while there may be clearly demarcated results in cer-
tain categories of alcohol consumption, there was a
trend toward increased or decreased risk of hyperten-
sion among other groups. A major concern is that the
quality of studies examining the cardiovascular risk
related to alcohol consumption relies primarily on the
accuracy of assessment of alcohol consumption. To
date, there is no available consensus for measuring
alcohol consumption. The data on alcohol consump-
tion are based on self-reporting and the method used
is not validated in many of the studies. This can lead
to the possibility of misclassification of exposure as a
result of under-reporting. However, past epidemiologi-
cal community-based studies have shown that self-
reporting alcohol consumption is reliable.*’ Our
alcohol consumption quantification method may lack
precision, but it is sufficient to evaluate dose-related
effects on hypertension.

Many studies did not take into account different
drinking patterns. In the majority of studies, lifetime
abstainers and former drinkers were combined into
one category, ‘“‘nondrinkers,” thus leading to limited
information about risk of hypertension for these two
groups separately. Additionally, most studies did not
analyze the effect of beverage type (wine, beer, spirits)
and, therefore, we cannot answer whether different
types of alcoholic beverages are equivalent in their risk
on development of hypertension. We also did not
compare different ethnicities, including white, black,
or Asian, to examine whether a specific race might be
at greater risk for the development of hypertension.
Also, interpretation is limited by an inability to
separate patients with increased BP from alcohol con-
sumption compared with other confounding variables.
Associations in observational studies of alcohol intake
and BP may be heavily confounded by other factors
such as diet, smoking, exercise levels, and socio-
economic status.

CONCLUSIONS

Our study confirmed that heavier alcohol consumption
>20 g/d is associated with the risk of development of
hypertension in both women and men. With regards
to light to moderate alcohol consumption (<20 g/d),
women had a potentially reduced risk of hypertension,
while men had an increased risk of hypertension. Lim-
iting alcohol intake in those with preexisting hyperten-
sion is important. Even for light drinkers, vigilant
BP monitoring is necessary. The protective effect of
alcohol in women is modest and cannot support
alcohol consumption as a protective measure. Further
studies are required to explore the underlying cause of
differential effects of light-moderate alcohol consump-
tion among men and women.
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