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in Women Compared with Men:
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Abstract

Background: Alcoholic beverages are consumed by humans for a variety of dietary, recreational, and other
reasons. It is uncertain whether the drinking effect on risk of all-cause mortality is different between women and
men. We conducted a meta-analysis to evaluate the effect of drinking on the risk of all-cause mortality in
women compared with men.
Methods: We selected cohort studies with measures of relative risk (RR) and 95% confidence interval (CI) for
all-cause mortality for drinkers versus nondrinkers by sex. Sex-specific RR and 95% CI were used to estimate
the female-to-male ratio of RR (RRR) and 95% CI. Pooled estimates of RRR across studies were obtained by
the fixed-effects model or the random-effects model (if heterogeneity was detected). Second-order fractional
polynomials and random effects meta-regression models were used for modeling the dose-risk relationship.
Results: Twenty-four studies were considered eligible. A total of 2,424,964 participants (male: 1,473,899;
female: 951,065) were enrolled and 123,878 deaths (male: 76,362; female: 47,516) were observed. Compared
with nondrinkers, the pooled female-to-male RRR for drinkers was 1.07 (95% CI: 1.02, 1.12). Subgroup analyses
showed that the increased risk among female drinkers appeared to be consistent. J-shaped dose–response rela-
tionship was confirmed between alcohol and all-cause mortality in men and women, respectively. Moreover, the
female-to-male RRR of all-cause mortality were 1.52 (95% CI: 1.01, 2.29), 1.95 (95% CI: 1.08, 3.49), and 2.36
(95% CI: 1.15, 4.88), respectively, for those who consumed 75, 90, and 100 g/day of alcohol.
Conclusions: Females had an increased risk for all-cause mortality conferred by drinking compared with males,
especially in heavy drinkers. The present study suggested that female drinkers, particularly heavy drinkers,
should moderate or completely reduce their level of consumption to have a health benefit.

Introduction

Alcoholic beverages are consumed by humans for a
variety of dietary, recreational, and other reasons. World

Health Organization’s Global status report on alcohol and
health (2011) revealed that 65% of men and 45% of women
drank alcohol worldwide. It was estimated that about 4% of
all deaths were attributed to alcohol in the world.1 Further-
more, the global burden of disease and injury attributable to
alcohol was 7.4% for men and 1.4% for women.1 However,
women may face greater risks to their health than their male
counterparts.2,3 For instance, Nakamura et al. suggested that
women were more susceptible than men to alcohol-related

diseases such as alcoholic liver disease.4 Female heavy drinkers
were also more susceptible to brain volume shrinkage com-
pared to male drinkers.5 Moreover, an earlier meta-analysis of
34 prospective studies by Di Castelnuovo, including a total of
1,015,835 subjects and 94,533 deaths, investigated the rela-
tionship between alcohol dosing and all-cause mortality. The
authors found that doses of alcohol intake of > 4 drinks per day
in men and > 2 drinks per day in women were associated with
an increase in all-cause mortality.6

Nonetheless, it is still uncertain whether the drinking effect
on risk of all-cause mortality is different between women and
men. Several inconsistent results might be due to various
factors such as racial difference, classification of alcohol
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consumption and adjustment factors.7–9 In 2006, Di Cas-
telnuovo conducted an excellent and insightful meta-analysis
that showed a J-shaped relationship between all-cause mor-
tality and alcohol intake in both men and women and reported
the inverse association in women apparently disappears at
doses lower than in men.6 However, this study did not di-
rectly report an effect of sex differences for drinking. In order
to reduce the role of extraneous, between-study factors, we
could conduct direct comparisons of the relation between
drinking and all-cause mortality in men and women through
internal, within-study comparisons, using the female-to-male
ratio of relative risks (RRR).10 Therefore, a more thorough
meta-analysis is needed. To explore whether alcohol drinking
conferred different risk of all-cause mortality for women
compared with men, we performed an updated meta-analysis
of cohort studies that present the relationship between alco-
hol consumption and all-cause mortality after stratification
by gender.

Materials and Methods

Search strategy and selection criteria

We carried out a systematic review of the published work
without language restrictions (up to March 20, 2012) according
to the Meta-Analysis of Observational Studies in Epidemio-
logy guidelines. We selected relevant studies from Embase,
PubMed, and Cochrane Library databases with the following
combined terms and medical subject heading (MeSH) search
strategy: ‘‘alcohol’’ or ‘‘ethanol’’ or ‘‘drinking’’ or ‘‘drink’’ or
‘‘beverages’’; ‘‘mortality’’ or ‘‘all cause mortality’’ or ‘‘death’’
or ‘‘all cause death’’; ‘‘cohort’’ or ‘‘prospective’’ or ‘‘follow-
up.’’ We also manually screened the reference lists of the
retrieved studies to identify other relevant publications. We in-
cluded studies that provided relative risks (RR) of all-cause
mortality for drinkers versus nondrinkers in males and females
(age adjusted or multiple adjusted). Studies were excluded if
they did not provide the standard error or 95% confidence in-
terval (CI) of point estimate, if they did not report relative risk
adjusted at least for age, or if they did not use nondrinkers as the
reference category.

Data extraction

Three investigators (C. Wang, H. Xue, and Q. Wang)
completed the search and data extraction independently.
Any discrepancies in data abstraction were further examined
and resolved by consensus. The following information data
elements were extracted from each study: title, name of first
author, year of publication, study design, sample size, dura-
tion of follow-up, and characteristics of the participants
(such as country, average age or age range, prevalence of
drinking, etc.).

Statistical analysis

To derive an overall RR within the study, we combined RR
between all-cause mortality and drinking across levels of al-
cohol intake. Then sex-specific RR and 95% CI within each
study were used to estimate the female-to-male ratio of RR
and 95% CI. Pooled estimates of RRR across studies were
obtained by means of the fixed-effect model. Nonetheless, the
RRR was pooled using the random-effect model if heteroge-
neity was detected.10 We estimated percentage of variability

between studies attributable to between-study heterogeneity
with the Cochrane Q statistic and I2 statistic. The existence of
heterogeneity between studies was evaluated using Cochran’s
Q statistic.11 Moreover, we quantified the effect of hetero-
geneity by using I2, which describes the percentage of the
observed between-study variability attributable to heteroge-
neity rather than chance. I2 takes values between 0% and
100% and there should be important heterogeneity when I2

> 50%.12 To detect whether the results were robust, sensitivity
analyses were conducted to estimate RRR only among those
studies using lifetime abstainers as reference group or among
those studies excluding ex-drinkers from nondrinkers.

In order to test the robustness of the combined estimates,
we did subgroup analyses by region (Asian vs. not Asian),
average daily alcohol consumption among alcohol consum-
ers regardless of gender (< 13.0 g vs ‡ 13.0 g), year of pub-
lication (1992–2000 vs. after 2000), sample size (< 20,000
participants vs ‡ 20,000 participants), adjustment for cardio-
vascular disease (CVD) (yes vs. no), and duration of follow-up
(using 5 and 15 years as cut-points). Meta-regression models
were employed to investigate potential sources of between-
study heterogeneity.12,13

For the dose–response meta-analysis, we used a random-
effects meta-regression model in a nonlinear dose–response
relationship framework, providing the best-fitting second-
order fractional-polynomial model. The best-fitting model,
defined as the one with the lowest Akaike’s information cri-
terion (AIC) among the set of the 36 second-order fractional
polynomial models tested, was selected as the final dose–
response model.6,14 Because different studies used different
units to measure alcohol intake (grams, milliliters, ounces, or
drinks consumed every day, week, month, or year), alcohol
consumption was converted into grams of ethanol per day using
the following conversion factors: 0.8 g/mL, 28.0 g/ounce, and
12.5 g/drink.14,15 Occasional drinkers and ex-drinkers were not
considered in the analysis.14,15 Since the levels of alcohol in-
take were often given by a range, we assigned the midpoint
of the ranges in each category as the average consumption. If
the highest category was open-ended, we assumed the width
of the interval to be the same as in the preceding category.
Nondrinkers were used as the reference category. This method
required the number of cases and controls for case-control
studies, or events and subjects at risk for cohort studies and the
risk estimates with their corresponding variance estimates for at
least three quantitative exposure categories.14 Therefore, we
excluded studies that did not provide these data. Publication
bias was evaluated using inverted funnel plot and Egger’s test.
All statistical tests were two-sided, using a level of significance
of p values < 0.05. Statistical analyses were carried out with
Stata software (version 10.0; Stata Corporation) and SAS
(version 9.2; SAS Institute Inc.).

Results

Search results and study characteristics

Initially, a total of 5,124 studies were yielded through the
search strategy from electronic databases, of which 151 studies
were potentially related to our issue for further scrutiny. Of the
related studies, 129 were excluded for the following reasons:
the data of 18 studies partially overlapped with others; 29
studies did not provide sex-stratified estimates of RR; alcohol
was considered as a covariate in 29 studies which did not

374 WANG ET AL.



provide the RR of alcohol on all-cause mortality; 23 studies did
not provide the RR adjusted for covariates or standard error of
point estimates; 17 studies did not use ‘‘nondrinkers’’ as the
control group; 13 studies did not provide information about
the outcome variables. Therefore, 22 studies were finally el-
igible for inclusion. One of these studies included six large-
scale population-based prospective cohorts.7 In addition, we
used data from two unpublished studies: the data of mainland
China (including 16 cohorts) from the Asia Pacific Cohort
Studies Collaboration and a cohort of China National Hy-
pertension Survey Epidemiology Follow-Up Study.16,17

Overall, 24 studies including 44 cohorts were included in our
analysis (Fig. 1)7–9,16–36 Among these cohorts, 26 were con-
ducted in Asia, 7 in Europe, 7 in America, and 3 in Australia,
while Deev et al.’s8 cohort included both American and
Russian populations.

In total, 2,424,964 participants (male: 1,473,899; female:
951,065) were available for the primary analysis, in which
123,878 deaths occurred (male: 76,362; female: 47,516). The
mean follow-up period ranged from 4 to 23 years. All par-
ticipants were older than 18 years. Twenty-three studies re-
ported the sex-specific prevalence of drinking, which was
30.1*95.3% in men and 2.8*82.0% in women. The prev-
alence of drinking was higher in men than in women within
each study. Asians tended to have a lower prevalence of
drinking than Europeans and Americans. The detailed char-
acteristics of the 24 studies included were shown in Table 1.

Age-adjusted RRR

Nine studies with 547,764 individuals and 44,432 events
reported age-adjusted and gender-stratified RR. We calcu-
lated RRR (female-to-male) and 95% CI based on a fixed-
effect model. The RRR was 1.18 (95% CI: 1.09, 1.28), which
suggested that alcohol affected women more harmfully than
men. There was no significant heterogeneity between studies

(I2 = 3.3%, p = 0.41). Visual inspection of the funnel plot and
Egger’s test suggests that there was no publication bias
( p = 0.09).

Multiple-adjusted RRR

Twenty-four studies with 123,878 events among 2,424,964
individuals reported multiple-adjusted and gender-stratified
RR. Data from the study conducted by Deev et al. involved
Americans and Russians, so it was included in our analysis as
two studies. The risk of alcohol on all-cause mortality in wo-
men and men was 0.92 (95% CI: 0.86, 0.99) and 0.88 (95% CI:
0.83, 0.93), respectively. RRR (female-to-male) was 1.07
(95% CI: 1.02, 1.12) with no evidence of between-study het-
erogeneity (I2 = 26.7%, p = 0.11), which was combined using a
fixed-effect model (Fig. 2). Visual inspection of the funnel plot
and Egger’s test suggested that there was no publication bias
( p = 0.93). In the sensitivity analysis with data for 548,035
participants and a total of 38,722 deaths, we calculated RRR
and 95% CI comparing drinkers with lifetime abstainers
(RRR = 1.06, 95% CI: 0.98, 1.14). There was no significant
heterogeneity between studies (I2 = 13.9%, p = 0.31).

Subgroup analyses

We performed subgroup analyses across a number of key
study characteristics (Table 2). Stratified by sample size, the
pooled RRR (female to male) of drinkers compared with
nondrinkers was 1.04 (95% CI: 0.97, 1.11) in smaller studies
(< 20, 000), and 1.10 (95% CI: 1.03, 1.17) in larger studies
(‡ 20, 000). Compared with nondrinkers, the pooled RRR
of drinkers was 1.06 (95% CI: 0.97, 1.16) in studies that
published between 1992 and 2000, and 1.07 (95% CI: 1.02,
1.13) in studies that published after 2000. Stratified by re-
gion, the pooled female-to-male RRR of drinkers compared
with non-drinkers was 1.15 (95% CI: 1.06, 1.25) for studies
conducted in Asia, and 1.04 (95% CI: 0.99, 1.10) for studies
in other regions. Compared with non-drinkers, the pooled
RRR of drinkers was 1.13 (95% CI: 1.01, 1.27) in studies
adjusting for CVD diseases, and 1.06 (95% CI: 1.01, 1.11) in
studies that did not adjust for CVD disease. Moreover, 13
studies with data for dose–response analysis were stratified
by average daily alcohol consumption. We found that the
pooled RRR of drinkers compared with nondrinkers was
1.12 (95% CI: 1.02, 1.22) in the studies with higher doses
( ‡ 13.0 g/day), and 1.05 (95% CI: 0.95, 1.16) in the studies
with lower doses (< 13.0 g/day). When using 5 and 15 years
as cut-points for follow-up duration, we found that drinkers
tended to have the strongest pooled RRR in the studies with
the longest follow-up (15 years or more). The increased risk
of all-cause mortality among female drinkers appeared to be
consistent in subgroup analyses stratified by sample size,
region, year of publication, adjustments for CVD disease,
average daily alcohol consumption, and duration of follow-
up. In meta-regression analysis, we explored the influence
of the six key characteristics mentioned above in the het-
erogeneity (Table 2). There were no significant impacts on
the main results.

Dose–response meta-analysis

The dose–response meta-analysis included 13 studies
with daily alcohol intake.7,18,20,23,25,26,28–30,32–34,36 Figure 3FIG. 1. Study selection process.
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showed the dose–response relationship, giving the RR
function and the corresponding 95% CI for the best-fitting
relationship between alcohol consumption and risk of all-
cause mortality in men and women, respectively. The
relationship was modeled by the random-effects second-
order fractional polynomials with p1 = 1 and p2 = 2, which
indicated that the AIC value was the lowest among the set
of the 36 second-order fractional polynomial models
tested [i.e., ln (RR) = dose + dose2] in both men and
women.14,15

Compared with nondrinkers, the RR of all-cause mor-
tality were 0.95 (95% CI: 0.92, 0.98), 0.92 (95% CI: 0.85,
0.99), 0.96 (95% CI: 0.83, 1.10), 1.15 (95% CI: 0.92, 1.43),
1.36 (95% CI: 1.02, 1.80), and 1.56 (95% CI: 1.12, 2.19),
respectively, for men who consumed 10, 25, 50, 75, 90, and
100 g/day of alcohol. Compared with nondrinkers, the RR
of all-cause mortality were 0.93 (95% CI: 0.90, 0.96), 0.91
(95% CI: 0.85, 0.96), 1.09 (95% CI: 0.93, 1.27), 1.74 (95%
CI: 1.23, 2.47), 2.65 (95% CI: 1.59, 4.42), and 3.70 (95%
CI: 1.95, 7.04), for women who consumed 10, 25, 50, 75,
90, and 100 g/day of alcohol, respectively. Notably, the
female-to-male RRR of all-cause mortality were 0.98 (95%
CI: 0.94, 1.02), 0.99 (95% CI: 0.90, 1.09), 1.14 (95% CI:
0.92, 1.40), 1.52 (95% CI: 1.01, 2.29), 1.95 (95% CI: 1.08,
3.49), and 2.36 (95% CI: 1.15, 4.88), respectively, for those

who consumed 10, 25, 50, 75, 90, and 100g/day of alcohol
(Fig. 4).

Discussion

Nowadays the harmful use of alcohol drinking is a major
global contributing factor for death, leading to approximately
2.5 million deaths each year. Globally, 6.2% of all male
deaths were attributable to alcohol, compared with 1.1%
of female deaths.1 Compared with women, men were more
likely to drink and consume more alcohol.1 Some studies
have used J-shaped or U-shaped curves to describe the rela-
tionship between alcohol consumption and all-cause mor-
tality. However, the impact of alcohol consumption across
the globe might differ between women and men, or in other
words, the effect of drinking on risk of all-cause mortality
between men and women is still uncertain. Quantifying sex
difference in the relative effect of drinking on all-cause
mortality risk is of great importance both clinically and from
a public health perspective.

The current study focused on investigating the effects of
alcohol intake on the risk of all-cause mortality in women
compared with men. We found women had an increased risk
of alcohol drinking with all-cause mortality compared with
men, especially among heavy drinkers. Female drinkers,

FIG. 2. Multiple-adjusted female-to-male relative risk ratios for all-cause mortality for drinkers compared with non-
drinkers.
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particularly heavy drinkers, should reduce their level of al-
cohol intake to obtain a health benefit. In our study, com-
pared with non-drinkers, female drinkers showed a 7%
excess risk of all-cause mortality than male drinkers after
adjustment for multiple covariates. The results of sensitivity
analyses did not substantially differ from the main result.
The increased all-cause mortality risk in female drinkers was

consistently found in all of the subgroup analyses. In addi-
tion, we assessed the dose–response relationship of alcohol
and all-cause mortality in men and women respectively.
Dose response curves were similar for men and women when
alcohol intake was light, but differed in heavier drinkers. We
found the inverse association disappeared at a lower dose in
women than in men, which was similar to the finding by Di

Table 2. Subgroup Analyses of Multiple-Adjusted Female-to-Male

Relative Risk Ratios for Drinkers Compared with Non-Drinkers

Heterogeneity test Meta-regression

Subgroup analyses No. of studies RRR (95% CI) p value I2 (%)a (p value)

Sample size
< 20,000 14 1.04 (0.97, 1.11) 0.12 30.8 0.48
‡ 20,000 10 1.10 (1.03, 1.17) 0.25 20.8

Region
Asian 6 1.15 (1.06, 1.25) 0.20 31.0 0.24
Not Asian 18 1.04 (0.99, 1.10) 0.23 18.5

Year of publication
1992–2000 9 1.06 (0.97, 1.16) 0.66 0.0 0.96
After 2000 15 1.07 (1.02, 1.13) 0.20 46.9

Adjustment for cardiovascular disease
Yes 6 1.13 (1.01, 1.27) 0.54 0.0 0.37
No 18 1.06 (1.01, 1.11) 0.07 34.6

Average daily alcohol consumption (regardless of gender)b

< 13.0g 7 1.05 (0.95, 1.16) 0.62 0.0 0.34
‡ 13.0g 6 1.12 (1.02, 1.22) 0.23 27.2

Duration of follow-up
£ 5.0 years 3 1.03 (0.85, 1.24) 0.56 0.0 0.59
5.1–14.9 years 16 1.06 (1.01, 1.12) 0.16 25.8
‡ 15.0 years 5 1.10 (0.99, 1.22) 0.05 58.1

aExcluded studies which did not provide the required data in dose-response analysis.
bI2 is interpreted as the proportion of total variation across studies that are due to heterogeneity rather than chance.
CI, confidence interval; RRR, relative risk ratios.

FIG. 4. Relative risk ratios function (solid line) and the
corresponding 95% confidence interval (dashed lines), de-
scribing the dose–response relationship between alcohol
dose (g/day) and female-to-male relative risk ratios for all-
cause mortality.

FIG. 3. Relative risk function and the corresponding 95%
confidence interval, describing the best-fitting dose–re-
sponse relationship between alcohol dose (g/day) and rela-
tive risk of all-cause mortality in men (dashed lines) and
women (solid line), respectively.
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Castelnuovo et al.6 Furthermore, the female-to-male RRRs
of all-cause mortality were 1.52 (95% CI: 1.01, 2.29), 1.95
(95% CI: 1.08, 3.49), and 2.36 (95% CI: 1.15, 4.88), re-
spectively, for those who consumed 75, 90, and 100 g/day of
alcohol, which indicated that women were exposed to the
higher risk of all-cause mortality at higher level of alcohol
consumption compared with men.

Actually, Mattisson et al.37 found that although the subset
of female heavy drinkers was small, women with alcohol use
disorders had a higher mortality than men, which was con-
sistent with previous findings.37,38 The sex difference in risk
of all-cause mortality was likely due to inherent biological
differences between men and women. Frezza et al.39 presented
that alcohol dehydrogenase activity in women was lower than
that in men and that the first stage of alcohol metabolism was
slowed down in women, resulting in more alcohol being ab-
sorbed into the blood circulation. Women also typically had
lower total body water content; thus, alcohol was diluted less
and blood alcohol level might be about 30% higher in women
than that in men.40 Additionally, women differed from men in
several parameters of alcohol metabolism (mainly because of a
smaller gastric metabolism in women) which resulted in a
greater generation of hepatotoxic products (such as acetalde-
hyde and probably oxygen radicals). Thereby, it may increase
the vulnerability of women to the risk of alcohol-related dis-
eases such as liver disease.41 Some investigators suspected
that women were more exposed than men for all-cause mor-
tality at moderate to high levels of alcohol consumption, which
might be explained by an increased risk of cancer in women.6,42

However, data concerning an increase of (breast) cancer ac-
cording to alcohol intake are inconclusive, especially regarding
drinking in moderation.

In addition, the present study showed higher risk of all-
cause mortality in women with heavy alcohol consumption. In
order to reduce excessive alcohol consumption for women,
some effective interventions are needed. Supportive counsel-
ing and educational sessions have contributed to help women
reduce their alcohol consumption.43,44 It should be re-
commended and emphasized in public policy to provide psy-
chological and educational intervention programs to female
heavy drinkers.

Our meta-analysis might have underestimated the true RR
difference between women and men. First, previous studies
have suggested that females were physically more damaged
by their heavy use of alcohol.37,45 However, it was more
common among women to underreport their amounts of
alcohol consumption and alcohol problems because of
shame and guilt. Thus, female drinkers might be mis-
classified as nondrinkers, and the risk of alcohol on all-
cause mortality in women will be underestimated. Second,
men drink more than women. If there were no differences
between men and women in terms of alcohol consumption,
the relative risk of alcohol-related diseases, mortality or all-
cause mortality in women might be much higher than
men.46,47 Finally, the long-term effect of alcohol con-
sumption on all-cause mortality may not be immediately
apparent due to its lag effects. Thus, the stronger lag effects
may result in underestimating the risk of alcohol on all-
cause mortality in women.

Our study had the following advantages. First, we included
the largest sample from studies reporting gender-specific
association between drinking and risk of all-cause mortality.

The consistency in our findings with no publication bias
supported the robustness of the current results. Second, the
RR was computed with multiple-adjusted estimates, which
could reduce confounding effects of other factors as much as
possible. Finally, the results from our sensitivity analysis
suggested that the findings were stable.

Conclusions

In summary, the present meta-analysis of 24 prospective
cohort studies showed that females had an increased risk for
all-cause mortality conferred by drinking compared with male
after adjustment for multiple covariates, especially in heavy
drinkers. Our findings strongly suggest that female drinkers,
particularly heavy drinkers, should moderate or completely
reduce alcohol consumption to have a health benefit. National
governments, the World Health Organization, and other or-
ganizations with an interest in population-level health should
emphasize psychological supportive counseling and health
education to help female heavy drinkers reduce their alcohol
consumption to moderate levels.
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