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Objectives: Risk factors for HIV acquisition were examined in a recent cohort of men
who have sex with men (MSM).
Design: A longitudinal analysis of 4295 HIV-negative MSM enrolled in a randomized
behavioral intervention trial conducted in six US cities.
Methods: MSM were enrolled and assessed for HIV infection and risk behaviors semiannually, up to 48 months.
Results: In multivariate analysis, men reporting four or more male sex partners,
unprotected receptive anal intercourse with any HIV serostatus partners and unprotected insertive anal intercourse with HIV-positive partners were at increased risk of HIV
infection, as were those reporting amphetamine or heavy alcohol use and alcohol or
drug use before sex. Some depression symptoms and occurrence of gonorrhea also were
independently associated with HIV infection. The attributable fractions of high number
of male partners, use of alcohol or drugs before sex, and unprotected receptive anal
intercourse with unknown status partners and the same with presumed negative
partners accounted for 32.3, 29.0, 28.4 and 21.6% of infections, respectively.
Conclusions: The challenge is to develop strategies to identify men in need. Interventions are needed to help men reduce their number of sexual partners, occurrences of
unprotected anal intercourse, alcohol or drug use before sex and address other mental
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Introduction
In the United States, men who have sex with men (MSM)
continue to be the group comprising the largest proportion
of new HIV infections [1]. In the early years of the
epidemic, the incidence of HIV infection among MSM in
the epicenters in the United States peaked at a high of 8 to

10% per year [2] and then fell to below 1% in the late 1980s
and early 1990s [3]. Consistently through this time period,
the main sexual risk behavior for HIV infection among
MSM has been unprotected anal intercourse, with higher
risk associated with receptive intercourse in comparison
with insertive intercourse [4–15]. In addition to high-risk
sexual risk behaviors, studies examining risk factors for
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HIV incidence have found independent associations with
increased number of partners; substance use including
amphetamine, nitrite inhalent and cocaine use; and sexually transmitted infections including syphilis, gonorrhea,
and herpes simplex virus type 2 [4,8,10–14,16–19]. A
recent publication to examine risk factors for HIV
infection among MSM recruited in the mid 1990s also
found a lack of circumcision significantly associated with
HIVacquisition controlling for sexual risk behaviours [18].
From 1999 to 2003, the EXPLORE Study was conducted to test a behavioral intervention in preventing
acquisition of HIV infection among MSM in the United
States. The purpose of this analysis was to determine risk
factors for HIV acquisition in one of largest cohorts of
MSM recruited in recent years. The cohort was recruited
and followed during a time period of increases in the
prevalence of risk behaviors and HIV incidence in MSM
communities [3,20–22]. Furthermore, in contrast to
behavioral data collected in previous cohorts, the data on
risk factors in the EXPLORE Study were collected
using computer-assisted self-interviewing technology as a
means to minimize under-reporting of risk behaviors.

Materials and methods
This study was carried out in six cities in the United
States: Boston, Massachusetts; Chicago, Illinois; Denver,
Colorado; New York, New York; San Francisco,
California; and Seattle, Washington. Details regarding
the methods and results of the randomized trial have been
published elsewhere [23,24]. The protocol, outcome
measures and interview details are available from the
EXPLORE website (www.explorestudy.org). The study
was approved by the institutional review boards at each of
the participating institutions and participants provided
written informed consent.

Study population
Study participants were recruited at each site from January
1999 to February 2001. Men were eligible if they were
negative for HIV antibodies, 16 years or older, and
reported having engaged in anal intercourse with one or
more men in the past year. Men were excluded if they
reported a mutually monogamous relationship for two or
more years with a male partner known to be HIV
seronegative. These behavioral eligibility criteria were
established to specifically recruit a population of high-risk
MSM for the intervention study using HIV incidence as
the primary outcome of interest. Recruitment strategies
included outreach in streets, at dance clubs, bars, bathhouses, sex clubs, health clubs and adult video stores.
Advertising campaigns were conducted in each city, with
emphasis in the gay media. Participants also came to the
study through internet sites, community forums,

community agencies, and referrals from other study
participants and clinics.

Assessments
As described previously [23,24], following informed
consent, trained interviewers collected information on
respondents’ demographics and history of sexually
transmitted infections (STIs). Audio-computer-assisted
self-interviewing (ACASI) technology was used to collect
data on depressive symptoms, alcohol and drug use, and
sexual behaviors. Participants were asked about sexual
behaviors in the prior 6 months with partners of each
HIV serostatus type (negative, positive, and unknown).
The serostatus of a partner was based on participant’s
reports of what they believe to be the serostatus of a
partner (e.g. a negative partner would be a partner who
told the participant they were negative and the participant
had no reason to doubt it). After completing the
interviews, participants received HIV pre-test counseling
and blood specimens were collected for HIV antibody
testing.
Approximately 2 weeks after being screened, participants
underwent post-test counseling to receive their HIV test
result. Participants with a positive test result at the baseline
were referred for medical and social services. Men who
were negative for HIVantibodies at the baseline interview
were asked to enroll in the trial.
Follow-up visits were scheduled every 6 months, up to
48 months, and consisted of behavioral surveys using both
face-to-face interviews and the ACASI technology. All
sexual behavior outcomes were collected by ACASI. To
further mitigate against participants’ under-reporting of
risk behaviors due to social desirability, no study staff
had access to any ACASI risk behavior data for any
participant, including during counseling sessions. Blood
specimens were collected for testing for HIV antibodies.
Antibodies to HIV were detected by enzyme-linked
immunosorbent assay. Sera shown to be reactive after a
first test were retested in duplicate. Repeatedly reactive
samples were confirmed through western blot assay or
immunofluorescence assay. Participants with a positive
test result at any follow-up visit were referred for medical
and social services.

Statistical analysis
We conducted an observational analysis of data from a
controlled trial. We adopted proportional hazards regression models of HIV seroconversion on the discrete time
scale of twice-yearly visits. With this approach, the
behavior variables were assessed at the same time that the
blood was drawn for seroconversion testing, and refer to
the previous 6-month time period. Additionally, since the
behavioral variables were time-varying, the values of
these covariates could change from one 6-month interval
to the next.
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To accommodate missing data, we applied the last-valuecarried forward convention to the time-varying covariates except for indicators for the sexually transmitted
diseases of chlamydia and gonorrhea. Although the
randomized trial did not find a statistically significant
effect on risk of HIV infection [24], all the analyses were
stratified by study site and randomization arm.
Among covariates under consideration, depression was
evaluated using a shortened version (seven items) of the
Center for Epidemiologic Studies depression scale [25].
As a cut-off point has not been established for this
shortened version, the score was divided in quartiles for
analysis purposes with a higher score indicating more
depressive symptoms. A primary partner was defined as
someone who the participant has lived with or seen a lot,
and to whom he felt a special commitment. Alcohol use
in the previous 6 months was categorized as light (three or
less drinks/day on no more than 1–2 days/week),
moderate (four or five drinks/day on no more than
1–2 days/week, or one to five drinks/day on 3–6 days/
week, or one to three drinks/day on a daily basis) or heavy
(four or more drinks every day or six or more drinks on a
typical day when drinking) [26,27]. Use of alcohol or
drugs before sex was measured by the question ‘In the last
6 months, about how often did you get high or have a few
drinks immediately before or during sex?’ with answer
choices of never, occasionally, often, or all of the time. For
the purposes of this analysis ‘never’ was coded as ‘no’ and
the remaining categories were coded as ‘yes’. Drug use
was evaluated by questions on drugs used in the previous
6 months, including marijuana, poppers, hallucinogens,
sniffed cocaine, amphetamines, crack cocaine, smoked
heroin or any injection drug use. Each drug was entered
into the model. We also tested a model using two other
drug variables: (1) number of different drugs used
(categorized as: no drugs used, only one kind of drug,
two different drugs or three or more different drugs); or (2)
three drugs found to be associated with high-risk sexual
risk behaviour [26]: amphetamine, nitrites or cocaine use,
(categorized as: yes to any of them, no to all of them).
To identify predictors for HIV seroconversion, we first
conducted univariate regression for each covariate. All
covariates were then considered in a multivariate
proportional hazards model and assessed using backward
elimination with stay criteria set at P ¼ 0.05. Note that an
individual visit with missing data on any candidate
covariate did not contribute to the model selection
procedure. For this reason, we refined the estimation of
the final model by considering only the predictors
identified. We further examined the relationship between
risk factors for HIV infection and sexual risk behaviors
with single-predictor logistic regression models adjusting
for randomization arm and visit. We employed the
generalized estimating equations approach to account for
the within-subject correlation of the repeated measures
over time [28,29].

We adapted the approach of Kooperberg and Petitti [30]
for logistic regression to obtain estimates for population
attributable risk. It should be noted that population
attributable risk estimates for individual predictors based
on a multiplicative model may total more that 100%.
Consequently, they are best interpreted as estimating the
relative importance of various risk factors. All analyses
were conducted using SAS Version 8.2 (SAS Institute
Inc., Cary, North Carolina, USA).

Results
Study population
The mean age of the 4295 enrolled participants was 34.0
years and 19.0% were 25 years of age or younger. Almost
three-quarters (72.5%) of the men were white, 15.2%
were Latino and 6.5% were African-American. Over
one-third (35.8%) had less than a college degree. At
baseline, the median number of partners was seven (25th
percentile, three; 75 percentile, 18). About half of the
men reported that they were in a primary relationship
with a male sex partner. Of each of the three different
partner serostatus types (negative, positive and unknown),
the largest proportion of men reported having unknown
status partners. Over two-thirds (69.1%) reported any
unprotected anal intercourse, 48.0% reported unprotected receptive anal intercourse and 54.9% reported
unprotected insertive anal intercourse. Unprotected oral
sex with ejaculation was reported by 45.4% of the men.
Heavy alcohol use, any non-injection drug use and
injection drug use were reported by 11.0, 64.7 and 10.2%
of men, respectively. At baseline, 72.1% of men reported
using alcohol or drugs before having sex, 14.2% of men
had scores in the highest two quartiles on the symptoms of
depression scale and 15.4% of men reported having an
STI in the prior 6 months.
Predictors of HIV acquisition
The overall HIV incidence in the study cohort was 2.1
per 100 person-years [95% confidence interval (CI), 1.9–
2.4]. In univariate analysis of demographic variables,
younger age, lower education and being Hispanic were
associated with an increased risk of seroconversion
(Table 1). With regard to male partners, in univariate
analysis, men reporting having four or more male sex
partners were more likely to become HIV infected in
comparison with men who reported one or no partners.
Men with an HIV-positive or unknown status primary
partner or no primary partner were more likely to
become HIV infected in comparison with men with an
HIV-negative primary partner. Men who reported
unprotected receptive anal intercourse with any serostatus
partner were at increased risk of becoming HIV infected,
as were men who reported unprotected insertive anal
intercourse or unprotected oral sex with ejaculation with
HIV-positive or unknown status partners. The use of
non-injection drugs, drugs by injection, heavy alcohol
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Table 1. Risk factors for HIV seroconversion, The EXPLORE Study, 1999–2003.
Univariate
Variable
Age
 25
26–30
31–35
 36
Race/ethnicity
Black
Hispanic
Asian/PI, Native American, Other
White
Education
 high school/ged
some college
college degree
post college or more
Depression scale (score 7–28)
7–12
13–17
18–22
23–28
In last 6 months
No. of male sex partners
0 or 1
2 or 3
4–9
 10
Primary partner
HIV-negative
HIV unknown status
HIV-positive
No primary partner
Unprotected oral sex with
Ejaculation with HIV-positive or unknown
status partners
Unprotected receptive anal intercourse with:
HIV positive partners
HIV unknown status partners
HIV negative partners
Unprotected insertive anal intercourse with:
HIV positive partners
HIV unknown status partners
HIV negative partners
Injection drug use
Non-injection drug use
Marijuana
Poppers
Amphetamines
Hallucinogens
Cocaine or crack
Alcohol use
None
Light
Moderate
Heavy
Use of alcohol or drugs before sex
Self-reported STDs
Chylamydia
Gonorrhea

Multivariate

No. seroConvertersa

HR

95% CI

747
879
882
1605

50
67
67
75

1.51
1.62
1.61
REF

1.05, 2.17
1.16, 2.26
1.15, 2.24

b

268
607
236
3001

24
52
12
171

1.39
1.44
0.84
REF

0.90, 2.15
1.05, 1.99
0.47, 1.52

1.99
REF
REF
REF

366
1068
1482
315

33
83
91
15

2.34
1.87
1.42
REF

1.59, 3.65
1.32, 2.66
1.01, 2.00

b

2170
1346
442
139

116
94
33
16

REF
1.94
1.96
2.44

1.45, 2.56
1.33, 2.89
1.47, 4.03

REF
1.48
REF
REF

324
714
1329
1743

5
19
73
162

REF
1.58
2.84
5.23

0.89, 2.81
1.72, 4.69
3.26, 8.40

REF
REF
1.58
1.81

1320
389
271
2076

72
23
23
139

REF
1.90
2.92
1.91

1.15, 3.15
1.90, 4.50
1.42, 2.55

1138

95

2.26

1.74, 2.93

242
1019
1308

43
124
121

9.39
5.69
1.96

7.07, 12.46
4.43, 7.30
1.53, 2.51

429
1303
1343
413

58
133
115
35

4.69
2.44
1.09
2.23

3.53,
1.90,
0.85,
1.49,

1900
1512
527
977
831

153
144
67
91
88

1.91
2.46
3.98
2.06
2.24

428
1935
1316
419
2952

23
109
84
41
205

175
132

20
21

N at baseline

95% CI

Attributable
risk (%)

1.27, 3.11

5.0

1.12, 1.96

11.1

1.06, 2.36
1.23, 2.68

32.3

3.40
2.85
1.92

2.25, 5.14
2.12, 3.84
1.38, 2.68

18.3
28.4
21.6

6.22
3.15
1.41
3.33

1.59

1.05, 2.40

8.7

0.52

0.37, 0.74

1.49,
1.92,
3.06,
1.59,
1.72,

2.45
3.15
5.16
2.68
2.93

b

REF
1.21
1.45
2.75
2.54

0.79,
0.92,
1.62,
1.83,

1.87
2.28
4.66
3.53

REF
REF
REF
1.97
1.58

2.24
4.63

1.17, 4.26
2.82, 7.61

2.49

HR

b

b

b
b

b

1.96
b

1.44, 2.69

16.3

1.32, 2.96
1.09, 2.29

6.1
29.0

1.47, 4.22

4.3

b

b

a

No. of seroconverters based on distribution of variables at baseline.
Not included in final multivariate model. HR, hazard ratio; CI, confidence interval; PI, Pacific Islander; STD, sexually transmitted disease.

b

and alcohol or drugs before sex were associated with an
increase risk of HIV infection. Finally, self-reported
sexually transmitted diseases and higher scores on the
symptoms of depression scale were significantly associated
with an increase risk of HIV infection.

In multivariate analysis, the only demographic variable
which remained significantly associated with an increased
risk of HIV infection was Black race/ethnicity (Table 1).
With regard to sexual risk behaviors, men reporting four
or more male sex partners, unprotected receptive anal
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intercourse with any serostatus partner and unprotected
insertive anal intercourse with HIV-positive partners were
at increased risk of HIV infection. Only one sexual risk
variable, unprotected insertive anal intercourse with an
HIV-negative partner, was significantly associated with a
decreased risk of HIV infection. The substances remaining independently associated with an increased risk of
HIV infection in multivariate analysis were amphetamines and heavy alcohol use, as was use of alcohol or drugs
before sex. Only the second quartile on the symptoms
of depression scale remained significantly associated
with risk of HIV infection, as was self-reported
occurrence of gonorrhea. We substituted the amphetamine use variable with two different measures of drug
use (see Methods section) in the model. Neither of the
variables was found to be significantly associated with
HIV infection and did not change the estimates for the
other covariates.
Based on studies reporting higher HIV prevalence among
African-American MSM [31,32] but not higher levels of
risk behaviour [31], we conducted exploratory bivariate
analyses of Black race/ethnicity with the sexual risk
behaviors which were significantly associated with an
increased risk of HIV infection (four or more male
partners, unprotected receptive anal intercourse with
positive, negative or unknown status partners, unprotected insertive anal intercourse with positive partners).
Black men were significantly less likely to report
unprotected receptive anal intercourse with negative
partners [hazard ratio (HR), 0.50; 95% CI, 0.40–0.62)
and less likely to report four or more male partners (HR,
0.73; 95% CI, 0.60–0.88) in comparison with all other
men. The percentage of Black men reporting any other
sexual risk behavior was not significantly different from all
other men (data not shown).
We also conducted an exploratory analysis to better
understand the findings of an increased risk of HIV
infection with unprotected receptive anal intercourse
with an HIV-negative partner but a decreased risk with
unprotected insertive anal intercourse with a negative
partner. Men who reported unprotected insertive anal
intercourse with a negative partner had a similar profile
with regard to number of partners, primary partners and
drug and alcohol use as men who reported unprotected
receptive anal intercourse with a negative partner. However, men who reported unprotected receptive sex with
an HIV-negative partner were significantly more likely to
report the two highest sexual risk behaviors, unprotected
receptive sex with an HIV-positive (P < 0.0001) or
unknown status (P < 0.0001) partners in comparison
with men who did not report unprotected receptive sex
with an HIV-negative partner. In contrast, men who
report unprotected insertive anal sex with an HIVnegative partner were not more likely to report these two
high-risk sexual behaviors (unprotected receptive with
positive: P ¼ 0.41; with unknown status: P ¼ 0.37) in

comparison with men who did not report unprotected
insertive anal sex with an HIV-negative partner.

Attributable risk analysis
Having four or more male sex partners accounted for the
largest proportion of seroincidence (32.3%), followed
by over one-quarter of seroincidence accounted for
by alcohol or drug use before sex (29.0%) and by
unprotected receptive anal intercourse with unknown
status partners (28.4%) (Table 1). Just over one-fifth of
seroincidence (21.6%) was accounted for by unprotected
receptive anal intercourse with partners believed to be
HIV negative and 18.3% of incidence was accounted for
by unprotected receptive anal intercourse with positive
partners. The use of amphetamines and self-reported
symptoms of depression accounted for 16.3 and 11.1% of
seroincidence, respectively. Although self-reported
occurrence of gonorrhea had a relative hazard of over
two, the attributable risk was only 4.3%, reflecting the
low prevalence of gonorrhea.

Discussion
Overall, the men enrolled in the EXPLORE cohort were
at high risk of HIV infection, as indicated by their
reported risk behaviors at baseline [23] and the observed
HIV seroincidence of 2.1 per 100 person-years. It has
been well-documented throughout the epidemic and
confirmed in this study that among MSM, unprotected
receptive anal intercourse, particularly with an HIVpositive partner, has highest risk for HIV seroconversion
[12,14,15,33]. Of concern from a prevention perspective
is the magnitude of risk associated with unprotected
receptive anal intercourse with partners who were
believed to be HIV negative. This level of risk could
be explained by unrecognized infection by the partner,
and those partners who were recently infected may have
been highly infectious. A recent study of MSM in five US
cities found that 48% of men found to HIV infected were
unaware of their HIV infection [32]. This level of risk
associated with HIV-negative partners could also be
explained by a lack of communication about HIV
serostatus, and thus presumptions about serostatus. In fact,
analysis of the EXPLORE data at baseline indicated that
poor communication skills with a partner about having
safer sex were significantly associated with high-risk
sexual behaviours [34]. Reports in the literature of the
percentage of MSM who disclose their HIV infection
status to sexual partners range widely from 23 to 57%,
depending on HIV serostatus, perceived serostatus of the
partner and relationship status of the partner [35–39].
At the same time, we found that men who reported
unprotected insertive anal intercourse with an HIVnegative partner were at lower risk of HIV infection.
Further examination of the data indicated that this group
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of men may engage in a different set of other sexual
behaviors compared with men who have receptive
intercourse. Given that mixtures of sexual behaviors differ
among men, such results should be approached with
caution with regard to prevention messages.
This study also found that the use of alcohol or drugs before
sex and overall use of amphetamines and heavy alcohol
were independent predictors of seroconversion. The use of
amphetamines, particularly methamphetamine, has increased among MSM over the last few years, and in addition,
alcohol use is highly prevalent among MSM [40]. The
relationships between substance use, high-risk sexual
behaviors and HIV infection are complex. Both amphetamine use and heavy alcohol use have been shown to be
associated with high-risk sexual behaviours [27,40–45], as
was observed in exploratory analysis in this study (data not
shown). Several studies have demonstrated an independent
association of amphetamine use and heavy alcohol use and
risk of HIV infection [8,14,46,47]. In the EXPLORE
Study, the independent association of these substance userelated variables with HIV infection could be explained by
several factors. First, those using substances could be those
who had a higher frequency of unprotected intercourse or
higher condom failure rates. For example, Stone et al. [48]
reported an increase in condom failure (slippage and
breakage) rates among MSM using amphetamines or
heavy alcohol. Risk behaviors may also have been underreported among participants who used substances. There
also may have been some physiological effects of some
substances, such as amphetamines, which could facilitate
acquisition of HIV, including prolongation of sex or
trauma to the anus or rectum. Finally, there also is evidence that amphetamines may interfere with adherence to
antiretroviral treatment or the effectiveness of antiretroviral treatment [49,50]. Thus, if amphetamine-using
EXPLORE participants chose HIV-infected partners
who were also using amphetamines, these partners may
have been highly infectious due to a reduction in the
effectiveness of their antiretroviral treatment.
The only self-reported STI found to be independently
associated with risk of HIV infection in the EXPLORE
cohort was occurrence of gonorrhea. During follow-up,
1.4 to 2.3% of men reported having gonorrhea during any
one 6-month period. Evidence is limited about the role of
gonorrhea, as opposed to ulcerative STIs, in the acquisition
of HIVamong MSM. In multivariate analysis, some studies
found that gonorrhea was associated with increased risk of
HIV seroconversion [9,13,51], but another study did not
[16,52]. This increase in risk associated with a nonulcerative STI could be a result of disruption of mucous
membranes due to local inflammation or activation and
recruitment of CD4 cells at the mucosal surface.
As observed in other studies, Black men were at increased
risk of HIV infection [31,32] and at the same time, were
less or no more likely to report HIV sexual risk

behaviours [31]. It may be that levels of social desirability
about reporting risk behaviors differ by race/ethnicity,
even with the use of ACASI technology. There are other
factors, not measured in this study, which may explain
differences in HIV incidence by race/ethnicity, including
the prevalence of genetic polymorphisms for HIV
susceptibility [53] or prevalence of STIs [54,55] as well
as behavioral factors such as partner selection within high
prevalence networks. Exploration of other factors,
perhaps through qualitative ethnographic techniques,
may provide more comprehensive information for
planning critically needed prevention strategies.
The preponderance of studies has not shown an
association between depression and high-risk sexual
behaviour [56–62] or with HIV infection [47]. In this
study, the association between HIV infection and the
highest scores of depressive symptoms did not remain
significant once controlling for other risk factors. It is
unclear why men with some symptoms were found to be
at higher risk. These men may be the least likely to be
receiving services for their symptoms. As with substance
use, depressive symptoms in this group may be a marker
for an increase in risk behaviors due to unmeasured
factors or an increased in frequency of unprotected
intercourse.
The men in the EXPLORE cohort are not necessarily
representative of MSM in the six cities. The eligibility
criteria were established to enroll a high-risk study sample
for a trial with an HIV infection endpoint. Furthermore,
generalizability is limited since Black and Latino men,
younger men and those of lower socio-economic status
were less likely to enroll in the study, were more likely to
not be eligible due to behavioral risk and were more likely
to be HIV-infected at screening [23].
The attributable risk analysis indicates which factors
could have largest impact on reducing the occurrence of
new HIV infections among MSM. Of most importance is
the reduction in the number of sexual partners, a factor
which accounted for 32% of the incident infections, as
well as reduction in alcohol and drug use in combination
with sex and overall amphetamine use. However, interventions must address the evidence that a ‘syndemic’ of
multiple health and mental health issues – HIV risk
behaviors, substance use and depressive symptoms – is
occurring among MSM [56]. MSM affected by this
syndemic may not be receiving the services they need and
current HIV prevention programs need to be adapted or
changed to focus on substance use and abuse and other
mental health issues, along with HIV risk reduction, in
order have an impact within various subpopulations.
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Appendix
The EXPLORE Study Team
For each group/site the data is presented as site principal
investigator, followed by names of staff, listed in
alphabetic order.
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