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Abstract

Objective To analyze the relationship between alcohol
consumption and incident HIV infection.

Methods Articles were identified via electronic and hand
searches. Inclusion criteria were: incident HIV infection,
preceding alcohol consumption, and association relating
the two. The DerSimonian and Laird random effects model
was used. For studies with more than one estimate of a
given type, estimates were combined using the inverse
variance weighted method. Publication bias was assessed
using Begg’s and Egger’s tests. Heterogeneity was assessed
using Q and * statistics.

Results Ten studies were included. Overall alcohol con-
sumption (any of the three types identified) increased the
risk of HIV (RR 1.98, 95% CI 1.59-2.47). Alcohol con-
sumers were at 77% higher risk (RR 1.77, 95% CI 1.43—
2.19). Those consuming alcohol prior to, or at the time of,
sexual relations were at an 87% increased risk (RR 1.87,
95% CI 1.39-2.50). For binge drinkers, the risk was double
that of non-binge drinkers (RR 2.20, 95% CI 1.29-3.74).
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Conclusions Alcohol consumption is associated with an
increased risk of incident HIV infection. Additional
research is required to further investigate a possible causal
role.
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Introduction

At the end of 2007, globally, an estimated 33.2 million
people were living with human immunodeficiency virus
(HIV), 2.5 million of whom were newly infected that year
(World Health Organization 2008). The disease, however,
is not distributed equally among the countries of the world,
indeed, the burden of disease and resultant consequences
are disproportionately high in developing nations. Those
nations most heavily affected have experienced a reduction
in life expectancy of more than 20 years, stunted economic
growth and increased household poverty (UNAIDS 2008).
Although some of the most worrisome increases in new
infections are now occurring in populous countries such as
Indonesia, the Russian Federation, and various high-
income countries, Sub-Saharan Africa continues to be the
area most heavily affected by HIV, accounting for 67% of
all people living with HIV and for 75% of AIDS deaths in
2007 (UNAIDS 2008).

Concomitantly, global alcohol consumption has incr-
eased in recent decades, and most of this increase has
occurred in developing countries, many of which are also
experiencing pronounced HIV epidemics (World Health
Organization 2002). Incidentally, alcohol has often been
implicated as a contributing factor for unprotected sexual
behavior and subsequent HIV seroconversion, and a variety
of mechanisms have been purported to underlie this
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alcohol-risky sex-HIV seroconversion association. It has
been suggested, for example, that alcohol may have a direct
physiological impact on risk behavior, leading to disinhi-
bition (Dingle and Oei 1997) or a constriction of cognitive
resources (Steele and Josephs 1990) that can in turn cause
individuals to disregard relevant risk-related information
when deciding whether or not to use condoms. Alternatively,
the alcohol-risky sex-HIV seroconversion association may
be a relatively more indirect one, in that expectations
regarding alcohol consumption and condom use may in and
of themselves influence individuals’ decisions to use con-
doms (Bryan et al. 2007; Crowe and George 1989; George
and Stoner 2000; Gordon et al. 1997; LaBrie et al. 2005;
Maisto et al. 2002; Murphy et al. 1998), or that individuals
with certain personality types, such as those high on the
dimensions of sensation seeking or sexual compulsivity,
may have a disposition to engage in both high-risk sexual
behavior and high-risk alcohol consumption (e.g., (Benotsch
et al. 1999, 2001; Kalichman et al. 1994, 1996, 2002;
Kalichman and Cain 2004; Kalichman and Rompa 1995).
Finally, alcohol may have a direct biological effect on the
immune system, possibly increasing the likelihood of
acquiring, through risky sexual behavior, not only sexually
transmitted infections (STIs) that can facilitate HIV infec-
tion, but also HIV infection itself (e.g., (Bagasra et al. 1996;
Szabo 1997)).

Despite these theoretical mechanisms that have been
suggested to underlie the alcohol-risky sex association,
empirical support for this association is quite mixed.
Although there is evidence for a significant alcohol-risky sex
association when alcohol is assessed in terms of generalized
or problematic use, research suggests that the association
becomes attenuated when alcohol consumption is assessed
specifically within the context of sexual activity (Halpern-
Felsher et al. 1996; Kalichman et al. 2007a; Leigh 2002;
Leigh et al. 2008; Leigh and Stall 1993; Weinhardt and
Carey 2000). Similarly, regarding alcohol’s association with
the incidence of STIs and HIV, although there is support for
significant alcohol-STI (Cook and Clark 2005) and alcohol—
HIV associations (Fisher et al. 2007), this evidence is for the
most part is based on studies that assessed generalized
alcohol consumption using cross-sectional methodological
approaches. Because neither alcohol use prior to sexual
activity nor alcohol use prior to HIV infection was typically
focused on in these studies, a substantive conclusion
regarding alcohol’s link to HIV incidence is difficult to make
based on the available evidence.

Given these limitations, the present investigation was
designed to extend prior research involving alcohol-risky
sex and alcohol-risky sex-HIV seroconversion associations
by conducting a meta-analysis that more clearly tested the
temporal association between alcohol consumption and
HIV incidence. Specifically, meta-analytic procedures were

employed to examine whether alcohol use that occurred
prior to HIV serconversion, including alcohol use that took
place within sexual contexts, was associated with incident
HIV infection.

Methods

This meta-analysis was concerned with estimating the risk
of incident HIV associated with alcohol consumption, thus
studies were sought which incorporated an appropriate
temporal component. That is, all alcohol consumption
measures had to precede HIV infection; the measure, even
if taken at the time of HIV ascertainment, had to pertain to
a time prior to infection ascertainment. Only newly diag-
nosed incident HIV infections were of interest, thus studies
had to be designed to exclude prevalent HIV cases. Any
direct measure of alcohol consumption was accepted,
including self-reported consumption, but excluding indirect
measures such as patronizing social clubs. Additionally,
due to the need to quantitatively pool results, studies were
required to present, or provide sufficient data for the cal-
culation of, a measure of association (i.e., odds ratio,
relative risk, or hazard ratio) between alcohol consumption
and incident HIV infection.

Figure 1 summarizes the process for selecting articles
included in the meta-analysis. Articles included were found
via a search of the following indices and sources: Medline,
via OVID and Pubmed (1950 to May 2008), CINAHL
(1982 to May 2008), and EMBASE (1980 to May 2008).
The databases were searched for reports with keywords
alcohol or ethanol, incidence or incident or risk or sero-
incidence or seroconvert®, and with title words HIV* or
human immunodeficiency virus or STI or STIs or sexually
transmitted infection® or STD or STDs or sexually trans-
mitted disease*. Animal studies and commentaries,
editorials, letters and review articles were excluded. No
language restriction was applied.

Data abstracted included descriptors of the study design
in addition to the measures of association. The measures of
effect abstracted were hazard ratios, odds ratios, and rela-
tive risks. Where some intermediate consumption group
was used as the reference, the RRs were reformulated to
make abstainers the reference group. Where measures of
association were not specifically presented, but sufficient
information was available, they were calculated. Adjusted
estimates were preferred over crude ones, though crude
were accepted.

Three separate types of alcohol consumption risks were
found; those pertaining to consumption, binge consump-
tion, and consumption prior to, or at the time of, sexual
relations. Both type-specific and overall analyses were
conducted. Three sensitivity analyses were completed. One
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Fig. 1 Flowchart of article
selection for inclusion in meta-
analysis
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sensitivity analysis was performed for the overall com-
bined category only, comparing studies arising from
developed and developing nations. For the second analysis,
we stratified the studies by sex and calculated separate risk
estimates for women and men. The third sensitivity anal-
ysis included only men and we compared risks in studies
with MSM samples and those using samples of other men.
All analyses were conducted using Stata version 10 soft-
ware (StataCorp 2008). Meta-analysis was conducted using
the DerSimonian and Laird random effects model using the
metan command. Three articles had more than one estimate
of a given type (Koblin et al. 2006; Read et al. 2007,
Zablotska et al. 2006). For example, Read et al. 2007 had
estimates for three separate levels of alcohol consumption
prior to sex. Thus, for each of those studies for which more
than one estimate of a given type was available, the esti-
mates were combined prior to analysis using the inverse
variance weighted method to obtain one estimate of a given
type per study. Publication bias was assessed using the
Begg’s test (Begg and Mazumdar 1994) and Egger’s test
(Egger et al. 1997). Heterogeneity was assessed using the
Q-statistic and the P statistic. However, random effects
were used throughout in order to be conservative.

Results

The electronic search strategy resulted in 856 hits
after the removal of duplicates. The abstracts, or complete
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publication if abstracts were unavailable, were reviewed and
excluded if they contained no indication of a measure of
association between alcohol consumption and risk of inci-
dent HIV (n = 792) or the measure of association was cross-
sectional (n = 53). One article could not be acquired
bringing the number of articles to 10. The references of these
articles were hand-searched for additional publications.
Twenty-seven articles were identified by this hand search of
which five remained after applying the same exclusion cri-
teria described above (Fig. 1). Combining the database and
hand searches, 15 articles were identified for data abstrac-
tion. However, two were excluded because they were
duplicate publications from a given study; in cases where
more than one publication was generated from a given study,
the most comprehensive report, and not necessarily the most
recently published, was included in the meta-analysis. One
article was excluded because the association between alco-
hol and HIV risk was not reported as a measure of
association and insufficient data were provided for the
authors to make this calculation (Kippax et al. 1998). One
type of estimate from one article (Plankey et al. 2007), and
one entire article (Wang et al. 2005) were excluded because
the measures of association for alcohol consumption used a
non-abstaining reference group. One article was excluded
because the alcohol consumption definition pertained to any
alcohol consumption during the teenage years, which the
authors felt was too general and unlikely to pertain to risk for
acquiring HIV in this adult sample (Krantz et al. 2002).
Thus, the final analysis sample consisted of ten articles.
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Characteristics of the ten articles included in the anal-
ysis are presented in Table 1 (Celentano et al. 1996;
Chesney et al. 1998; Figueroa et al. 1997; Kapiga et al.
1998; Koblin et al. 2006; Nopkesorn et al. 1998; Page-
Shafer et al. 1997; Plankey et al. 2007; Read et al. 2007,
Zablotska et al. 2006). Because three articles presented two
different types of alcohol consumption categories, the ten
articles provided 13 estimates (Celentano et al. 1996;
Koblin et al. 2006; Read et al. 2007). Eight articles
included only men, one included only women, and one both
men and women (separately), thus sex-specific analyses
were only conducted as sensitivity analyses. Eight articles
described prospective cohorts, one a nested case—control,
and one a case—control study. Adjustment for confounders
varied, and nine of the 13 estimates were crude. Incident
HIV infection in persons formerly known to be HIV nega-
tive was ascertained, in nine out of ten articles, by enzyme
linked immunosorbent assay (ELISA) confirmed with a
western blot. In the 10th study, incident HIV infection was
determined via a registry (Read et al. 2007). Finally, half the
articles report on studies that took place in developing
nations: Jamaica, Tanzania, Thailand (x2), and Uganda.

Both the Egger’s and Begg’s tests showed no publica-
tion bias (P = 0.526 and P = 0.067, respectively). Among
the 13 estimates, there was significant heterogeneity
(P < 0.001). Among the three consumption type-specific
estimates, only the binge estimates displayed significant
heterogeneity (P < 0.001).

The forest plot in Fig. 2 depicts the estimates from the
13 articles, the consumption type-specific pooled estimates,
and the overall pooled estimate. Random effects analysis of
the association between overall alcohol consumption (any
of the three types of alcohol consumption) and incident
HIV infection shows that those who consume alcohol have
a significantly higher risk of becoming HIV positive
(pooled RR 1.98, 95% CI 1.59-2.47). For each of the
consumption type-specific analysis, the risk of HIV infec-
tion was also greater among consumers. Those who
consumed any alcohol were at 77% higher risk of acquiring
HIV than those who did not consume alcohol at all (pooled
RR 1.77, 95% CI 1.43-2.19). Those consuming alcohol
prior to, or at the time of, sexual relations were at an 87%
increased risk (pooled RR 1.87, 95% CI 1.39-2.50). For
those consuming alcohol in binges, the risk of HIV infec-
tion was over double that of non-binge drinkers (pooled RR
2.20, 95% CI 1.29-3.74).

Table 2 reports the results of the sensitivity analyses.
The first sensitivity analysis showed similar results in
association between overall alcohol consumption (any of
the three types of alcohol consumption) and incident HIV
infection found in developed nations (pooled RR 1.97, 95%
CI 1.37-2.81) and developing nations (pooled RR 1.91,
95% CI 1.55-2.35). Secondly, the effect of alcohol on the

risk for HIV was similar among the non-MSM population
(pooled RR 2.08, 95% CI 1.46-2.98) and the MSM pop-
ulation (pooled RR 1.92, 95% CI 1.30-2.83) and the P
value for the formal test of interaction between the MSM
and non-MSM populations was not significant (P = 0.75),
implying that the chance could not be ruled out as under-
lying the slight differences in impact of alcohol on the risk
of HIV in the MSM and the non-MSM populations.
Finally, we also observed no significant differences in risk
by sex (P interaction = 0.83) or by developing versus
developed nations (P interaction = 0.88).

Discussion

The present meta-analysis lends support to the hypothesis
that alcohol consumption is associated with an increased
risk of acquiring HIV infection.

This finding is consistent with the Fisher meta-analysis
which explicitly limited its focus to studies taking place in
Africa (Fisher et al. 2007). Indeed, although we restricted
our selection criteria to incident HIV measures, and the
Fisher analysis did not, we found similar measures of effect
(Fisher OR padjustea Of 1.70, 95% CI 1.45-1.99; ORgjusted
1.57, 95% CI 1.42-1.72; Baliunas OR 1.77, 95% CI 1.43—
2.19). Remarkably, even though studies selected for
inclusion into our meta-analyses differed widely with
variations by study type, geography, population and
exposure measurement, there was no significant heteroge-
neity in effect size in the meta-analysis for drinker versus
non-drinker or in the analysis pertaining to a drinking prior
to sexual activity. Additionally, our sensitivity analyses
showed no differences based on sex, sexual practices or
region. Each of the alcohol consumption categories was
positively associated with risk of incident HIV. Also,
lending consistency to the overall conclusion is the finding
that binge drinking has a larger effect size. This hints at a
gradient—more alcohol, more risk. A recent large cohort
study corroborates these results. The authors found an
overall adjusted odds ratio of 2.10 for any kind of drinking
(95% CI 1.29-3.42) in a cohort of 1,050 high-risk African
women. Greater involvement of alcohol, as defined by
recency, quantity or frequency consumed, was associated
with greater risk. Problem drinkers as identified by two
positive answers on a screening instrument for alcohol
dependence had a higher risk (OR 2.43, 95% CI 1.45-4.06)
than non-problem drinkers (OR 1.79, 95% CI 1.06-3.04)
(Fisher et al. 2008).

There are several possible explanations for the observed
association between alcohol consumption and HIV risk.
Alcohol consumption may exert a true effect on risk of
HIV infection via some effect on the immune system,
either local or general, or via altered behavior including
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Fig. 2 Individual study post-pooled estimates of effect, consumption
type-specific random effects pooled estimates of effect, and overall
random effect pooled estimate of effect (the size of the gray box
indicates the weight of the estimate)

Table 2 Sensitivity and subgroup analyses of the effects of alcohol
consumption on the risk of HIV using different inclusion and exclu-
sion criteria (estimate of effect by random effects model)

RR (95% CI) Interaction

P value
All studies 1.98 (1.59-2.47)
Sex
Men 2.01 (1.52-2.65) 0.83
Women 1.92 (1.37-2.68)
MSM status
Non-MSM population 2.08 (1.46-2.98) 0.75
MSM population 1.92 (1.30-2.83)
Development status
Developed nations 1.97 (1.37-2.81) 0.88

Developing nations 1.91 (1.55-2.35)

RR relative risk, CI confidence interval

partner selection and condom (non) use. Alternatively, the
observed association may not reflect a causal effect, but a
common antecedent confounder. Put this way, the impli-
cation is that alcohol consumption is a marker for some
personality trait which causes both alcohol consumption
and the propensity to engage in risky sexual behaviors.
There is also the role of prior expectations or beliefs about
alcohol to consider; it may be one’s belief that alcohol
leads to behavior inhibition, and not the alcohol per se, that
leads to HIV risk. In this way, alcohol expectancies may

confound the relationship between consumption and HIV
risk.

There are several limitations to the present analysis
which must be acknowledged. For practical purposes, the
search strategy required the presence of the keywords
alcohol or ethanol. Thus, there may exist additional rele-
vant reports that included alcohol consumption as a
covariate and for which sufficient information exists to
calculate measures of association. One might suspect that
studies which found a significant association would be
more likely to include the term alcohol in their abstracts or
keywords, would be more likely to have been identified in
our search strategy, and hence may have biased the findings
upwards. However, no evidence of publication bias was
detected, which provides some assurance against this pos-
sibility. While no publication bias was detected, there are a
number of other types of bias that may affect the results.
All studies that met inclusion criteria were included with
no exclusions due to study quality. This choice was made
due to the small number of studies identified and the
adjuvant recognition that a more strict approach would not
help public health practitioners struggling to make rec-
ommendations based on the evidence that currently exists.
Case ascertainment was rigorous in all studies, but expo-
sure ascertainment in alcohol research is less
straightforward, as evidenced by the variety of consump-
tion measures reported. While most studies were
prospective and thus recall bias is not implicated (which
would require a differential rate of reported among affected
and unaffected individuals), there may nonetheless have
been some exposure misclassification due to desirability
bias. However, any resulting misclassification is likely to
be non-differential, and thus would lead to an attenuation
of any effect. Alcohol exposure preceded HIV serocon-
version in all cases. However, the amount of time between
exposure and outcome varied between studies and partici-
pants. Exposure was generally ascertained upon study entry
or subsequent follow-up interview, and outcome was
ascertained on regular follow-up or study completion.
What the precise etiologically relevant time period for
alcohol consumption might be, and whether participants
consumed during that precise time, cannot be determined
from our analysis.

This meta-analysis is insufficient to address which, if
any, of the above-described potential explanations for the
association between alcohol exposure and HIV are at work.
Indeed, although the temporal causal criteria is satisfied (by
design), and the results suggest some consistency of evi-
dence, the evidence on the whole is insufficient to conclude
a causal link. At most, one might state that the evidence is
suggestive and bears further research.

This meta-analysis is the first to examine the association
between alcohol consumption and incident HIV infection,
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and as such, is a significant contribution to the existing
literature. However, more and better research is needed. In
particular, to adequately address this important question,
several methodological improvements will need to be
made: better and consistent measures of alcohol con-
sumption including objective measures; prospective studies
that allow for the path analyses of the various pathways;
more studies among female populations to allow for sex-
specific meta-analysis.

With regard to public health practice, the consistent and
relatively strong association between alcohol consumption
and HIV incidence, together with the high risk of HIV
infection and relatively high prevalence of heavy drinking
occasions in Sub-Saharan Africa (Rehm et al. 2009) should
lead to the inclusion of alcohol-specific interventions into
HIV risk reduction packages. Such a strategy has already
been introduced by Kalichman et al. (2007b, 2008), albeit
with mixed results. Thus, if proven short but effective
alcohol interventions such as Brief Interventions (Room
et al. 2005) are included in HIV risk reduction packages, it
should be done with experimental variation in order to be
able to isolate any potential effects of the alcohol interven-
tions. After all, this strategy would not only identify the most
effective interventions, it would also provide a mechanism
by which to further explore the causal association.
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