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Abstract
Background: Substance use during sex is associated with sexual risk behavior among men who have sex with men (MSM),
and MSM continue to be the group at highest risk for incident HIV in the United States. The objective of this study is to test
the efficacy of a group-based, cognitive-behavioral intervention to reduce risk behavior of substance-using MSM, compared
to a randomized attention-control group and a nonrandomized standard HIV-testing group.
Methods and Findings: Participants (n = 1,686) were enrolled in Chicago, Los Angeles, New York City, and San Francisco and
randomized to a cognitive-behavioral intervention or attention-control comparison. The nonrandomized group received
standard HIV counseling and testing. Intervention group participants received six 2-h group sessions focused on reducing
substance use and sexual risk behavior. Attention-control group participants received six 2-h group sessions of videos and
discussion of MSM community issues unrelated to substance use, sexual risk, and HIV/AIDS. All three groups received HIV
counseling and testing at baseline. The sample reported high-risk behavior during the past 3 mo prior to their baseline visit:
67% reported unprotected anal sex, and 77% reported substance use during their most recent anal sex encounter with a
nonprimary partner. The three groups significantly (p,0.05) reduced risk behavior (e.g., unprotected anal sex reduced by
32% at 12-mo follow-up), but were not different (p.0.05) from each other at 3-, 6-, and 12-mo follow-up. Outcomes for the
2-arm comparisons were not significantly different at 12-mo follow-up (e.g., unprotected anal sex, odds ratio = 1.14,
confidence interval = 0.86–1.51), nor at earlier time points. Similar results were found for each outcome variable in both 2and 3-arm comparisons.
Conclusions: These results for reducing sexual risk behavior of substance-using MSM are consistent with results of
intervention trials for other populations, which collectively suggest critical challenges for the field of HIV behavioral
interventions. Several mechanisms may contribute to statistically indistinguishable reductions in risk outcomes by trial
group. More explicit debate is needed in the behavioral intervention field about appropriate scientific designs and methods.
As HIV prevention increasingly competes for behavior-change attention alongside other ‘‘chronic’’ diseases and mental
health issues, new approaches may better resonate with at-risk groups.
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men agreed to complete an assessment at baseline and at 3-mo
follow-up.

Introduction
Men who have sex with men (MSM) continue to be the largest
group newly HIV infected each year in the United States [1].
Alcohol and noninjection substance use is associated with sexual
risk behavior in this population [2–8], and sexual risk increases
when substances are used soon before or during sexual encounters
[4,9]. Thus, substance-using MSM are likely to be contributing
disproportionately to HIV incidence in the US [10]. Although
interventions have been tested with substance-abusing MSM in
drug treatment settings [11–13], few interventions have been
tested with substance-using MSM not in treatment [14]. This
study is, to our knowledge, the first large, multicity, randomized
intervention trial specifically addressing sexual risk among out-oftreatment substance-using MSM.
Randomized trials of HIV risk behavioral interventions [15–
18]—particularly for MSM—have generally used two-group
designs: an attention-control group (e.g., content materials
unrelated to intervention content) or a standard group (e.g.,
HIV counseling and testing), but rarely both. These interventions
generally found no difference between the two groups in HIV risk
outcomes [15–18]. An ideal approach is a three-group trial that
distinguishes the effects of content and attention. We used a
modified three-group design: randomized intervention and
attention-control groups and a nonrandomized standard group.
The research objective was to systematically test the efficacy of a
group-based, cognitive-behavioral intervention to reduce sexual
risk of substance-using MSM.

Design and Procedures
Screening. Potential participants were initially screened by
telephone. Those who were eligible and willing to participate were
scheduled for a baseline appointment; HIV-positive men were
asked to bring documentation of their serostatus (e.g., HIVpositive test result or treatment prescription) to the appointment.
Baseline assessment. At the baseline assessment, men were
rescreened for eligibility. If eligible, the men provided written
informed consent and completed an audio computer-assisted selfinterview (ACASI). All men received standard HIV risk-reduction
counseling [19]; HIV-negative and unknown-serostatus men and
HIV-positive men without documentation of their serostatus were
administered a rapid HIV test. Contact information was collected,
and the next appointment was scheduled (i.e., group randomization for the intervention and attention-control groups;
and 3-mo follow-up for the standard group). Lastly, the men were
reimbursed for their time and travel, as determined by each site
(range, US$25–US$40). The assessment collected information
on demographic characteristics, substance use, and sexual risk
behavior during the participant’s most recent anal sex encounter,
and psychosocial and mental health measures. We took steps to
minimize bias, including the use of different staff members for
group activities versus assessment. Perhaps more important,
behavior was assessed in a private location by the use of ACASI.
Randomization. Participants were randomized by laptop
computer program to intervention and attention-control groups
upon arrival at the first group session. A minimum of ten (five per
group) and a maximum of 20 (ten per group) men were needed for
randomization. On-site computerized randomization was blocked
by HIV serostatus so that if possible, the intervention and the
attention-control group each contained at least two men who were
HIV-positive and at least two men who were HIV-negative
(participant code and blocking information were pre-entered into
the computer prior to the first session). Each group was also
blocked for a minimum of five participants. Randomization
stopped after 20; men who arrived later were reimbursed US$15
for transportation costs and if possible, rescheduled for another
randomization session.
Because of insufficient funding to fully randomize all three
groups, enrollment in the standard group took place immediately
after enrollment in the intervention and attention-control groups
had been completed. Even though enrollment for the two
randomized immediately preceded enrollment for the nonrandomized control group, follow-up assessment overlapped for the
three groups.
Group sessions. Intervention and attention-control groups
consisted of six weekly 2-h group sessions, facilitated by trained
staff (facilitator protocols available from G. Mansergh, on request).
Intervention content consisted of cognitive-behavioral techniques
and relevant skills building [20,21], including modeling and
behavioral rehearsal. Specific intervention modules helped
participants analyze their substance use and sexual risk patterns,
identify situational triggers for risky behavior, develop behavioral
alternatives and negotiation strategies, and plan for change.
Behavior change attempts over the 6 wk allowed for feedback and
positive reinforcement on a weekly basis. Intervention content was
based on formative research and pilot testing. A 10-min break
occurred in the middle of each weekly 2-h session.
The modules of the attention-control group consisted of videos,
and group discussion was focused on MSM-related issues
unrelated to substance use, sexual risk behavior, and HIV, such

Methods
The protocol (Text S1) was approved by institutional review
boards at each of the local sites and the Centers for Disease
Control and Prevention (CDC). Details of the baseline assessment
have been published [2]. The CONSORT requirements (Text S2)
were completed as requested.

Study Population
Participants for all three groups were recruited and assessed
through follow-up in Chicago, Los Angeles, New York City, and
San Francisco, from October 2004 through April 2008, through
street and MSM venue outreach, agency/business-based posters
and flyers, ads in print media, and word of mouth. Each city
tailored its recruitment campaigns to the local population.
Standard power analysis calculations were conducted a priori to
determine the desired sample size, based on 80% statistical power
to detect a 25% reduction in risk behavior, and an expected 80%
retention across follow-up waves.
Men were eligible to participate if they reported (1) being
drunk or ‘‘buzzed’’ on alcohol two or more times, or high on
noninjection drugs at least once, during (or 2 h before) anal sex
in the past 6 mo, and (2) at least one unprotected anal sex
episode in the past 6 mo with a male partner whose HIV
serostatus was unknown or different from their own. Men were
ineligible if they (1) reported only marijuana or use of erectile
dysfunction medications soon before or during anal sex in the
past 6 mo; (2) reported injecting drugs other than steroids,
hormones, prescribed medications, or methamphetamine in the
past 6 mo; (3) had known for less than 6 mo that they were
HIV-positive; or (4) were currently participating in another HIV
behavioral intervention trial. For the two randomized groups,
eligible men agreed to participate in a six-session, group-based
intervention and to complete assessments at baseline and at 3-,
6-, and 12-mo follow-up waves. For the standard group, eligible
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school training, college degree or more), primary race or ethnicity
(black, Hispanic/Latino, white, other), self-identified as gay/
homosexual (bisexual/other), self-reported baseline HIV serostatus, assessment wave (baseline: 3-, 6-, and 12-mo follow-up), and
trial group (intervention, attention-control, standard group;
blinded in analysis), as well as an interaction between follow-up
wave and trial group to test for efficacy.
A generalization of the Satterthwaite approximation [24] was
used to adjust the degrees of freedom. We used a multiple
imputation approach [25] with adaptive rounding for binary
variables [26] to impute missing outcome variables. Ten
imputations were aggregated for the results and drug use
covariates were incorporated into the imputation procedure to
increase the efficiency of the imputed observations [27]. Models
were also run on the raw, nonimputed data. Inferences for the trial
arm, wave, and interaction between trial arm and wave did not
differ between the analyses of the raw and multiply imputed data.
Rates of reduction were calculated from population-averaged
rates, which control for all other covariates in the multivariable
model. Models were calculated by using the GLIMMIX and
MIANALYZE procedures in Statistical Analysis Software (SAS),
version 9.2 (SAS Institute, Inc.), and model fit was evaluated by
diagnostic statistics and residual plots.

as relationships, spirituality, and racism. Twelve 45- to 55-min
modules each consisted of a 20- to 30-min video followed by
discussion of the video; two modules were presented each meeting
of the 6 wk, with a 10-min break in the middle of each night.
Staff members were extensively trained to facilitate the
intervention and attention-control materials according to the
facilitator manuals. For the intervention group, staff were trained
to lead intervention exercises and discussions, emphasizing
primary messages. For the attention-control group, staff were
trained to subtly redirect discussion—away from substance use,
sexual risk behavior, and HIV/AIDS. Intervention and attentioncontrol group sessions were taped, and two of the six sessions for
each group were reviewed and scored to ensure that the material
in the facilitator manuals was covered. For the intervention group,
adherence to the materials during the six sessions averaged 94%.
For the attention-control group, intervention content (alcohol or
drug use, sexual risk, and HIV/AIDS) discussion was to be
avoided; unintended discussion of topics related to HIV, substance
use, or sexual risk behaviors occurred in 3% of the sessions and
were redirected by facilitators.
Follow-up assessment. For the intervention and attentioncontrol groups, follow-up assessment waves took place 3, 6, and
12 mo after the final group session. In follow-up sessions,
participants completed the same ACASI behavioral assessment
as at baseline, updated their contact information, were reimbursed
for time and travel (increasing at each follow-up, ranging from
US$25–US$50), and received an appointment for the next followup. The 12-mo follow-up included HIV testing for HIV-negative
participants and counseling for all participants. For the standard
group, follow-up assessment took place at 3 mo plus 7 wk (to
control for lag time because of completion of sessions in the other
two groups).

Results
Sample Characteristics
In total, 1,686 men were enrolled: 1,206 were randomly
assigned to the intervention and attention-control groups; 480
were assigned to the standard group (Table 1). The sample was
diverse in terms of age, race/ethnicity, baseline self-reported HIV
serostatus, and education level. Nearly one in six men did not
identify themselves as gay or homosexual. There were no
differences (p.0.05) in descriptive characteristics for the two
randomized groups. Participants in the standard group were
younger and more educated, and fewer were black or HIVpositive (p,0.05).

Statistical Analysis
The level of significance for all tests was set at p,0.05. Sample
size was based on 80% statistical power to detect an approximate
25% change in behavior (e.g., unprotected anal sex) from baseline
to follow-up, which is consistent with findings from meta-analyses
of HIV behavioral intervention trials [22,23]. Bivariate comparisons of outcomes and predictors at each follow-up wave were
performed with chi-square tests; 95% confidence intervals (CIs) for
raw proportions were calculated with asymptotic standard errors
and a continuity correction.
The primary outcomes were six dichotomous variables, all
focused on participant behavior during the most recent anal sex
encounter with a nonprimary partner: (1) unprotected anal sex; (2)
unprotected anal sex with a discordant partner (i.e., a partner
whose HIV serostatus was unknown or different from that of the
participant); (3) alcohol use soon before or during unprotected anal
sex; (4) alcohol use during or before unprotected anal sex with a
discordant partner; (5) drug use soon before or during unprotected
anal sex; and (6) drug use soon before or during unprotected anal
sex with a discordant partner. Three secondary outcomes of
interest were (1) unprotected receptive anal sex, (2) unprotected
insertive anal sex, and (3) substance (alcohol or drug) use soon
before or during anal sex, whether protected or unprotected anal
sex.
For longitudinal analyses, we used a generalized linear mixed
model to evaluate the dichotomous outcomes. A random intercept
for each participant was incorporated into the model to control for
any correlation within participants in the four follow-up waves.
The set of covariates consisted of site (Chicago, Los Angeles, New
York, San Francisco), age (18–24, 25–34, 35–44, $45 y),
education level (high school diploma or less, some post-high
PLoS Medicine | www.plosmedicine.org

Enrollment and Retention
For randomization of the intervention and attention-control
groups, 7,370 men were screened, and 1,206 were enrolled at the
randomization session (n = 599 in intervention group; n = 607 in
attention-control group; Figure 1). A total of 2,656 men were
screened for the standard group to achieve enrollment of 480.
Session attendance and retention were high throughout the trial
(Figure 1). Session attendance for the two randomized groups did
not differ (p.0.05): attendance at each session after session 1
ranged from 73% to 79%. Retention at follow-up for these groups
also did not differ (p.0.05): retention at each follow-up wave
ranged from 87% to 90%. For the standard group, retention at 3mo follow-up was lower: 78%.
Attrition analysis of follow-up waves for the two randomized
groups found no differences (p.0.05) in main effects of follow-up
wave and group, or in interaction effects of follow-up wave by
group. Further, unprotected anal sex and discordant unprotected
anal sex were not associated (p.0.05) with loss to follow-up.
Attrition analysis at 3-mo follow-up for the three groups found
greater (p,0.05) loss to follow-up in the nonrandomized group
than in the randomized groups. Again, unprotected anal sex and
discordant unprotected anal sex were not associated with attrition.
In comparisons by age and education, more of the youngest
participants (18–24 y versus $45 y) and those with the least
education (high school diploma or less versus college degree or
higher) were missing at 3-mo follow-up (p,0.05).
3
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Table 1. Project MIX, baseline characteristics and bivariate comparisons, by group, 2004–2008.

Intervention (n = 599)

Characteristic

Age group (y)

Primary race/ethnicity

Education level

HIV serostatus

Sexual orientation identification

City

Attention Control (n = 607)

Standard (n = 480)

n (%)

n (%)

n (%)

18–24

70 (12)

56 (9)

64 (13)a

25–34

158 (26)

162 (27)

150 (31)

35–44

239 (40)

265 (44)

168 (35)

#45

132 (22)

124 (20)

98 (21)

Black

200 (33)

194 (32)

124 (26)a

Hispanic/Latino

120 (20)

102 (17)

97 (20)

White

225 (38)

241 (40)

216 (45)

Other

54 (9)

70 (11)

43 (9)

#High school diploma

190 (32)

191 (31)

111 (23)a

.High school education

198 (33)

216 (36)

179 (37)

$College degree

211 (35)

200 (33)

190 (40)

Positive

307 (51)

300 (49)

178 (37)a

Negative

248 (42)

272 (45)

245 (51)

Unknown

44 (7)

35 (6)

57 (12)

Gay/homosexual

501 (84)

508 (84)

410 (85)

Bisexual/other

98 (16)

99 (16)

70 (15)

Chicago

159 (27)

160 (26)

150 (31)

Los Angeles

118 (20)

118 (20)

99 (21)

New York

151 (25)

159 (26)

102 (21)

San Francisco

171 (28)

170 (28)

129 (27)

a
Standard group significantly different from intervention and attention-control groups (chi-square test, p,0.05); other overall 3-way tests were nonsignificant (p.0.05).
doi:10.1371/journal.pmed.1000329.t001

Figure 1. CONSORT flow diagrams. (A) October 2004–April 2008 (screen through 3, 6, and 12-mo follow-up): randomized intervention and
attention-control groups. (B) December 2006–September 2007 (screen through 3-mo follow-up): nonrandomized standard control group.
doi:10.1371/journal.pmed.1000329.g001
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(e.g., unprotected anal [UA] sex, odds ratio [OR] = 1.14, 95%
CI = 0.86–1.51; HIV-discordant UA [DUA], OR = 0.92,
CI = 0.66–1.28; alcohol UA, OR = 1.06, CI = 0.75–1.49; drug
UA, OR = 1.21, CI = 0.86–1.70; alcohol DUA, OR = 0.86,
CI = 0.56–1.32; drug DUA, OR = 0.98, CI = 0.64–1.48). Further,
there were no differences in any of the outcomes between all three
groups at 3-mo follow-up (Table 3). The pattern of results was
notably consistent for the 18 analysis models presented in Table 3,
and thus likely not due to chance.

Baseline Behavioral Characteristics
At baseline, two-thirds of the sample reported that they had not
used protection during their most recent anal sex encounter
(Table 2). Two of every five men reported discordant unprotected
anal sex. More than three-fourths of the sample reported at baseline
that they had used alcohol or drugs soon before or during their most
recent anal sex encounter: 57% reported alcohol use, and 56%
reported drug use (unpublished data). Over 40% of the sample
reported alcohol use, and over 40% reported drug use before having
unprotected sex in their most recent anal sex encounter; 25%
reported alcohol and 25% reported drug use before having
discordant unprotected sex in that encounter. The three groups
did not differ at baseline on any of these risk behaviors (Table 2).

Discussion
In this cognitive-behavioral intervention trial, the three groups
significantly reduced risk behavior to similar levels at each follow-up
time point (e.g., overall 32% reduction in UA at 12-mo follow-up)
and were not different from one another. These trial results for
reducing risk behavior of substance-using MSM are consistent with
results of other randomized intervention trials for MSM and
substance-using populations [15–18], which collectively point to
critical challenges for the field of HIV behavioral interventions and
perhaps interventions for other health behaviors as well. For
example, a systematic review of multibehavior interventions to
reduce risk for coronary heart disease [28] found that the
interventions had little or no impact on risk of heart disease, and
only small reductions in more proximal indicators (e.g., salt intake,
cholesterol, and blood pressure levels). The authors concluded that
although numerous studies have been done, attempts at reduction in
behavior-related risk factors for heart disease have limited success.
Perhaps more intensive, multilevel interventions (i.e., interventions
that address more than one level, including individual, small group,
community, and structural levels) are needed to provide preferential
results compared to control groups [29]; interventions that focus on
more structural and policy level interventions (e.g., free and
accessible condoms) could provide broader and more impactful
behavior change [29]. Such an approach to behavioral interventions for substance-using MSM may be warranted.

Study Outcomes
Risky behavior was lower at 3-, 6-, and 12-mo follow-up waves
for the primary and secondary outcome variables in all trial groups
(Table 2). In multivariate analysis, controlled for demographic
variables (Table 3), each of the primary outcomes significantly
(p,0.05) decreased at 3-mo follow-up. These reductions were
maintained at 6- and 12-mo follow-up for the intervention and
attention-control groups. For example, in the 2-arm comparison,
the population-averaged means indicated unprotected anal
intercourse in the prior 3 mo reduced by 32% at 12-mo (27% at
3-mo and 29% at 6-mo) follow-up relative to the baseline rate; the
reductions did not differ by follow-up wave (p.0.05). After
standardizing the reductions, similar results were found for the
other outcome variables at each of the follow-up time points in 2arm comparisons, and at 3-mo follow-up for 3-arm comparisons
(Table 3). The pattern was similar for the secondary outcome
variables: unprotected receptive sex, unprotected insertive sex, and
substance use before anal sex. Multivariate analysis found no
differences (Table 3) between the randomized intervention and
attention-control group for outcome variables at each of the
follow-up waves. For example, the outcomes for the 2-arm
comparison were not significantly different at 12-mo follow-up

Table 2. Project MIX primary and secondary outcome behaviors, by group at assessment wave, 2004–2008.
Behavior Soon Before
or During Most Recent
Anal Sex Encounter

Baseline (%)

3 mo (%)

6 mo (%)

12 mo (%)

Interv
(n = 599)

Attn
(n = 607)

Stand
(n = 480)

Interv
(n = 524)

Attn
(n = 537)

Stand
(n = 374)

Interv
(n = 520)

Attn
(n = 538)

Interv
(n = 537)

Attn
(n = 542)

UA

67

68

68

43

44

43

43

42

40

38

DUA

39

38

43

19

21

23

17

18

18

20

Primary outcome

Substance use and UA
Alcohol

42

40

42

21

21

21

20

21

17

17

Drugs

45

43

39

26

24

22

27

23

22

19

Substance use and DUA
Alcohol

27

23

28

10

11

13

8

9

9

10

Drugs

25

24

24

12

12

11

10

9

10

11

Secondary outcome
URA

38

41

39

24

26

25

23

24

25

22

UIA

39

36

35

24

22

21

24

23

20

20

Substance use

77

78

75

54

52

53

52

49

46

44

Attn, attention-control group; Interv, intervention group; Stand, standard group; URA, unprotected receptive anal sex; UIA, unprotected insertive anal sex.
doi:10.1371/journal.pmed.1000329.t002
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Table 3. Project MIX, multivariate results for outcome behaviors, by group at assessment wave, 2004–2008.

Group

Primary Outcomes, AOR (CI)

Secondary Outcomes, AOR (CI)
DrugUA

AlcoholDUA

DrugDUA

URA

UIA

Substance
Use during
Sexa

UA

DUA

AlcoholUA

0.95
(0.72–1.26)

1.06
(0.82–1.38)

1.15
(0.88–1.50)

1.07
(0.81–1.42)

1.25
(0.93–1.67)

1.04
(0.77–1.40)

0.85
(0.64–1.13)

1.15
(0.87–1.52)

0.96
(0.70–1.30)

3 mo

0.34
(0.26–0.43)

0.41
(0.31–0.54)

0.37
(0.28–0.49)

0.36
(0.27–0.47)

0.40
(0.29–0.57)

0.42
(0.30–0.58)

0.46
(0.35–0.61)

0.48
(0.36–0.63)

0.27
(0.21–0.36)

6 mo

0.29
(0.23–0.38)

0.34
(0.25–0.45)

0.37
(0.28–0.49)

0.32
(0.24–0.42)

0.32
(0.23–0.45)

0.28 (0.19–
0.40)

0.40
(0.30–0.53)

0.50
(0.37–0.66)

0.24
(0.18–0.31)

12 mo

0.24
(0.18–0.31)

0.37
(0.28–0.49)

0.27
(0.20–0.36)

0.25
(0.18–0.33)

0.34
(0.24–0.48)

0.33
(0.24–0.47)

0.33
(0.25–0.43)

0.40
(0.31–0.54)

0.19
(0.14–0.25)

0.95
(0.71–1.27)

1.06
(0.81–1.39)

1.15
(0.88–1.51)

1.07
(0.80–1.43)

1.25
(0.92–1.69)

1.04
(0.76–1.41)

0.85
(0.63–1.14)

1.15
(0.86–1.53)

0.96
(0.69–1.32)

3 mo—Interv (versus Attn)

0.93
(0.70–1.22)

0.89
(0.64–1.23)

0.99
(0.72–1.37)

1.06
(0.77–1.46)

0.88
(0.58–1.32)

0.92
(0.62–1.37)

0.86
(0.63–1.19)

1.11
(0.81–1.53)

1.13
(0.85–1.49)

6 mo—Interv (versus Attn)

1.01
(0.76–1.33)

0.89
(0.64–1.25)

0.94
(0.68–1.30)

1.26
(0.91–1.75)

0.87
(0.56–1.35)

1.14
(0.74–1.76)

0.94
(0.67–1.30)

1.03
(0.75–1.42)

1.12
(0.85–1.49)

1.14
(0.86–1.51)

0.92
(0.66–1.28)

1.06
(0.75–1.49)

1.21
(0.86–1.70)

0.86
(0.56–1.32)

0.98
(0.64–1.48)

1.27
(0.91–1.77)

1.05
(0.75–1.47)

1.10
(0.83–1.45)

Intervention

0.93
(0.71–1.23)

0.87
(0.67–1.13)

1.00
(0.77–1.31)

1.13
(0.86–1.48)

0.97
(0.73–1.30)

1.00
(0.74–1.36)

0.84
(0.64–1.12)

1.17
(0.89–1.54)

1.04
(0.77–1.40)

Attention-control

0.97
(0.74–1.28)

0.84
(0.64–1.09)

0.88
(0.68–1.15)

1.05
(0.80–1.38)

0.80
(0.59–1.07)

0.97
(0.71–1.31)

0.98
(0.74–1.30)

1.03
(0.78–1.35)

1.09
(0.81–1.48)

0.34
(0.26–0.45)

0.39
(0.29–0.53)

0.35
(0.26–0.47)

0.39
(0.29–0.53)

0.35
(0.25–0.5)

0.39
(0.27–0.57)

0.52
(0.37–0.72)

0.50
(0.36–0.69)

0.37
(0.27–0.49)

Baseline—Interv (versus Attn)

0.96
(0.73–1.26)

1.05
(0.81–1.35)

1.14
(0.88–1.47)

1.07
(0.82–1.39)

1.22
(0.91–1.62)

1.04
(0.77–1.39)

0.86
(0.65–1.13)

1.14
(0.88–1.49)

0.95
(0.70–1.28)

Baseline—Interv (versus Stand)

0.93
(0.70–1.24)

0.87
(0.67–1.14)

1.00
(0.77–1.32)

1.13
(0.85–1.50)

0.97
(0.72–1.31)

1.00
(0.73–1.37)

0.84
(0.63–1.13)

1.17
(0.88–1.56)

1.04
(0.76–1.42)

Baseline—Attn (versus Stand)

0.97
(0.73–1.30)

0.84
(0.64–1.09)

0.88
(0.67–1.16)

1.05
(0.79–1.39)

0.80
(0.59–1.08)

0.97
(0.70–1.32)

0.98
(0.74–1.32)

1.03
(0.77–1.37)

1.09
(0.80–1.50)

3 mo—Interv (versus Attn)

0.95
(0.73–1.23)

0.88
(0.65–1.20)

1.00
(0.74–1.36)

1.06
(0.79–1.42)

0.86
(0.58–1.27)

0.93
(0.64–1.36)

0.88
(0.65–1.19)

1.15
(0.85–1.54)

1.12
(0.87–1.45)

3 mo—Interv (versus Stand)

0.95
(0.72–1.25)

0.78
(0.57–1.08)

0.98
(0.71–1.36)

1.09
(0.79–1.51)

0.79
(0.53–1.19)

0.96
(0.63–1.45)

0.80
(0.58–1.11)

1.18
(0.86–1.63)

0.98
(0.74–1.29)

3 mo—Attn (versus Stand)

0.99
(0.75–1.31)

0.89
(0.65–1.22)

0.98
(0.71–1.36)

1.03
(0.74–1.43)

0.93
(0.62–1.38)

1.03
(0.69–1.55)

0.91
(0.66–1.26)

1.03
(0.75–1.42)

0.87
(0.67–1.15)

2-Group analysis for
3-, 6-, 12-mo follow-up
waves (n = 1,206)
Attention-control (referent)
Intervention
Follow-up (baseline, referent)

Intervention group comparisons
Baseline—Interv (versus Attn)

12-mo—Interv (versus Attn)
3-Group analysis for 3-mo
follow-up waves (n = 1,686)
Standard (referent)

Follow-up (baseline, referent)
3-mo
Intervention group comparisons

Controlled for all variables listed plus city, age, race/ethnicity, education level, sexual orientation identification, and HIV serostatus.
AOR, adjusted odds ratio; Attn, attention-control group; Interv, intervention group; Stand, standard of care group; UIA, unprotected insertive anal sex; URA, unprotected
receptive anal sex.
a
Substance use soon before or during most recent anal sex encounter.
doi:10.1371/journal.pmed.1000329.t003

Risk reduction at follow-up waves for intervention and
comparison groups in this trial may be similar for several reasons.
First, regression to the mean may account for behavioral risk
reduction at follow-up for all groups [30]. Second, perhaps
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standard HIV counseling and testing are adequate to reduce risk,
and more intensive interventions provide no additional benefit. In
fact, some studies have found HIV testing to reduce measures
of risk [19], as have studies of brief counseling [20,21]. Brief
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counseling may be especially effective with people ready for
change, as in persons willing to enroll in an intervention trial such
as ours.
Another possible mechanism for reported risk reduction across
groups is that a trial’s unintentional ‘‘demand’’ for change
(through the psychosocial dynamics of selective recall and social
desirability) reduces reports of risky behavior but does not reduce
the risky behavior itself. We did not find a relationship between a
standard measure of social desirability and risk reports in this
cohort, although general social desirability measures may not
accurately assess the dynamic in the context of this study. A welldesigned methodological study would have to examine potential
mediators of real and reported behavior change; for example,
including a post-test–only intervention condition and an assessment-only condition (e.g., the Solomon Four-Group Design) could
test this approach. During repeated assessments, some men may
learn (and choose) to complete their follow-up assessment more
quickly by reporting less risk, although we did not find this to be a
clear pattern in our trial.
Our trial had several limitations, including standard concerns in
behavioral research regarding self-report (although we did use
ACASI to minimize this bias) [31], and behavioral regression to
the mean over time, as mentioned [30]; this may especially be the
case with the very high-risk enrollment criteria in this study (i.e.,
greater potential for regression to the mean at follow-up relative to
less-risky samples). Not all of the outcome variables are entirely
exclusive from one another (e.g., UA with a discordant partner is
subsumed in UA overall). Although the intervention and attentioncontrol groups were randomized, the standard group was not:
because of funding restrictions, enrollment for the standard group
took place after enrollment for the other groups, and this group
provided only a 3-mo follow-up. Although a few demographic
differences were noted between the standard group and the other
groups at baseline, baseline risk behavior did not differ; we
controlled for baseline demographic factors in outcome analyses,
and there were no group differences.
Future methodological studies should systematically assess
effects of behavioral intervention methods, including potential
change mechanisms noted above, which could inform other areas
of health behavior research as well as HIV prevention, particularly
in the context of multilevel interventions. If recommended
counseling and testing [19] constitute an acceptable standard for
reducing risk behavior, then perhaps this type of counseling and
testing is an appropriate comparison group in trials, especially
given that expensive attention-control groups prohibit inclusion of
other methodologically important groups (e.g., assessment only;
post-test only). More explicit debate is needed in the HIV
behavioral intervention field about appropriate study methods and
designs, and new paradigms should be explored.
Alcohol- and drug-using MSM contribute to HIV incidence
among US MSM, and they are a critical group for focused risk
reduction [32]; this is one of the first and the largest intervention
trials tested on this high-risk population to our knowledge. To
achieve behavior change beyond that of standard HIV counseling

and testing, new approaches should be considered. Colleagues
have suggested a focus on ‘‘syndemics’’ of HIV, substance use,
depression, etc. [33], and broader perspectives on health and
healthy lifestyles beyond HIV. Similarly, ‘‘positive psychology’’
and a focus on health strengths is an emerging direction for the
field of health research [34]. Holistic approaches such as these may
increasingly resonate, as HIV prevention competes more and
more for behavior-change attention alongside traditional chronic
diseases and mental health issues [35]. Other possible directions
for future research include a focus on environmental factors that
affect sexual risk behavior of substance-using MSM, and
enhancing behavioral uptake and adherence of promising
biomedical interventions for high-risk MSM [35], such as preand post-exposure prophylaxis.

Supporting Information
Text S1 Trial protocol.
Found at: doi:10.1371/journal.pmed.1000329.s001 (0.22 MB
DOC)
Text S2 CONSORT checklist.
Found at: doi:10.1371/journal.pmed.1000329.s002 (0.19 MB
DOC)

Acknowledgments
The authors thank the trial participants and the dedicated recruiters and
other staff at the study sites. We specifically thank the following staff by
location: Cindy Lyles, Helen Ding, Marie Morgan, H. Waverly Vosburgh,
Tracie Wright, Cathy Zhang at CDC in Atlanta; Eric Houston, Anna
Veluz in Chicago; Andrés Garcı́a, Peter Kerndt, Craig King, Kyle
Legleiter, Seamus McManus in Los Angeles; Lynn Bartell, Michael
Camacho, Octavio Gonzalez, Boris Powell, Francisco Ramirez in New
York; Moupali Das-Douglas in San Francisco.
Project MIX Study Team: CDC, Atlanta: Stephen A. Flores,
Gordon Mansergh, David W. Purcell, Pilgrim Spikes, Raekiela Taylor;
Chicago: Kellie Dyslan, Carol Ferro, David Jamenez, Jenny Hopwood,
Nicole Martin, David McKirnan, Chris Powers, Pedro Rodriguez; Los
Angeles: John Copeland, Lawrence Fernandez Jr., Bobby Gatson, Sharon
M. Hudson; New York: John Bonelli, Sebastian Bonner, Kent Curtis,
Victoria Frye, Krista Goodman, Donald Hoover, Beryl A. Koblin; San
Francisco: Grant N. Colfax, Rob Guzman, Tim Matheson.

Author Contributions
ICMJE criteria for authorship read and met: GM BAK DJM SMH SAF
REW DWP GFC GNC. Agree with the manuscript’s results and
conclusions: GM BAK DJM SMH SAF REW DWP GNC. Designed
the experiments/the study: GM BAK DJM SMH SAF DWP GNC.
Analyzed the data: REW. Collected data/did experiments for the study:
BAK DJM SMH GNC. Enrolled patients: BAK DJM SMH GNC. Wrote
the first draft of the paper: GM DWP. Contributed to the writing of the
paper: GM BAK DJM SMH SAF REW DWP GFC. Managed the multisite project: GM, SAF. Acquired funding: BAK, DJM, SMH, GFC.
Interpreted data: GM, SAF, REW. Wrote the report: GM, REW. Revised
the report: GM, BAK, DJM, SMH, SAF, REW, DWP, GFC. Principal
Investigator of one of four research sites for the study: BAK, DJM, SMH,
GNC.

References
4. Colfax G, Vittinghoff E, Husnik MJ, McKirnan D, Buchbinder S, et al. (2004)
Substance use and sexual risk: a participant- and episode-level analysis among a
cohort of men who have sex with men. Am J Epidemiol 159: 1002–1012.
5. Celentano DD, Valleroy LA, Sifakis F, MacKellar DA, Hylton J, et al. (2006)
Associations between substance use and sexual risk among very young men who
have sex with men. Sex Transm Dis 33: 265–271.
6. Stueve A, O’Donnell L, Duran R, San Doval A, Geier J (2002) Being high and
taking sexual risks: findings from a multisite survey of urban young men who
have sex with men. AIDS Educ Prev 14: 482–495.

1. Hall IH, Song R, Rhodes P, Prejean J, An Q, et al. (2008) Estimation of HIV
incidence in the United States. JAMA 300: 520–529.
2. Mansergh G, Flores S, Koblin B, Hudson S, McKirnan D, et al. (2008) Alcohol
and drug use in the context of anal sex and other factors associated with sexually
transmitted infections: results from a multi-city study of high-risk men who have
sex with men in the USA. Sex Transm Infect 84: 509–511.
3. Koblin BA, Husnik MJ, Colfax G, Huang Y, Madison M, et al. (2006) Risk
factors for HIV infection among men who have sex with men. AIDS 20:
731–739.

PLoS Medicine | www.plosmedicine.org

7

August 2010 | Volume 7 | Issue 8 | e1000329

Risk-Reduction Trial for Substance-Using MSM

7. Woolf SE, Maisto SA (2008) Alcohol use and risk of HIV infection among men
who have sex with men. AIDS Behav 13: 757–782.
8. Drumright LN, Patterson TL, Strathdee SA (2006) Club drugs as causal risk
factors for HIV acquisition among men who have sex with men: a review. Subst
Use Misuse 41: 1551–1601.
9. Rusch M, Lampinen TM, Schilder A, Hogg RS (2004) Unprotected anal
intercourse associated with recreational drug use among young men who have
sex with men depends on partner type and intercourse role. Sex Transm Dis 31:
492–498.
10. Shoptaw S, Reback CJ (2006) Associations between methamphetamine use and
HIV among men who have sex with men: a model for guiding public policy.
J Urban Health 83: 1151–1157.
11. Shoptaw S, Reback CJ, Peck JA, Yang X, Rotheram-Fuller E, et al. (2005)
Behavioral treatment approaches for methamphetamine dependence and HIVrelated sexual risk behaviors among urban gay and bisexual men. Drug Alcohol
Depend 78: 125–134.
12. Stall RD, Paul JP, Barrett DC, Crosby GM, Bein E (1999) An outcome
evaluation to measure changes in sexual risk-taking among gay men undergoing
substance use disorder treatment. J Stud Alcohol 60: 837–845.
13. Shoptaw S, Reback CJ, Frosch DL, Rawson RA (1998) Stimulant abuse
treatment as HIV prevention. J Addict Dis 17: 19–32.
14. Mausbach BT, Semple SJ, Strathdee SA, Zians J, Patterson TL (2007) Efficacy
of a behavioral intervention for increasing safer sex behaviors in HIV-positive
MSM methamphetamine users: results from the EDGE study. Drug Alcohol
Depend 87: 249–257.
15. Koblin B, Chesney M, Coates T (2004) Effects of a behavioural intervention to
reduce acquisition of HIV infection among men who have sex with men: the
EXPLORE randomised controlled study. Lancet 364: 41–50.
16. Garfein RS, Golub ET, Greenberg AE, Hagan H, Hanson DL, et al. (2007) A
peer-education intervention to reduce injection risk behaviors for HIV and
hepatitis C virus infection in young injection drug users. AIDS 21: 1923–1932.
17. Wolitski RJ, Gomez CA, Parsons JT (2005) Effects of a peer-led behavioral
intervention to reduce HIV transmission and promote serostatus disclosure
among HIV-seropositive gay and bisexual men. AIDS 19: S99–S109.
18. Purcell DW, Metsch LR, Latka M, Santibanez S, Gomez CA, et al. (2004)
Interventions for seropositive injectors-research and evaluation: an integrated
behavioral intervention with HIV-positive injection drug users to address
medical care, adherence, and risk reduction. J Acquir Immune Defic Syndr 37:
S110–S118.
19. Kamb ML, Fishbein M, Douglas JM Jr, Rhodes F, Rogers J, et al. (1998)
Efficacy of risk-reduction counseling to prevent human immunodeficiency virus
and sexually transmitted diseases: a randomized controlled trial: Project
RESPECT Study Group. JAMA 280: 1161–1167.
20. White HR, Mun EY, Pugh L, Morgan TJ (2007) Long-term effects of brief
substance use interventions for mandated college students: sleeper effects of an

PLoS Medicine | www.plosmedicine.org

21.

22.

23.

24.

25.
26.

27.

28.

29.
30.
31.
32.

33.

34.
35.

8

in-person personal feedback intervention. Alcoholism-Clin Exper Research 31:
1380–1391.
Borrelli B, Riekert KA, Weinstein A, Rathier L (2007) Brief motivational
interviewing as a clinical strategy to promote asthma medication adherence.
J Allergy Clin Immunol 120: 1023–1030.
Johnson WD, Holtgrave DR, McClellan WM, Flanders WD, Hill AN,
Goodman M (2002) HIV intervention research for men who have sex with
men: a 7-year update. AIDS Educ Prev 6: 568–589.
Herbst JH, Sherba RT, Crepaz N, Deluca JB, Zohrabyan L, et al. (2005) A
meta-analytic review of HIV behavioral interventions for reducing sexual risk
behavior of men who have sex with men. J Acquir Immune Defic Syndr 39:
228–241.
Giesbrecht FG, Burns JC (1985) 2-Stage analysis based on a mixed model large-sample asymptotic theory and small-sample simulation results. Biometrics
41: 477–486.
Rubin DB (1987) Multiple imputation for nonresponse surveys. New York: John
Wiley & Sons, Inc.
Bernaards CA, Belin TR, Schafer JL (2007) Robustness of a multivariate normal
approximation for imputation of incomplete binary data. Stat Med 26:
1368–1382.
Collins LM, Schafer JL, Kam CM (2001) A comparison of inclusive and
restrictive strategies in modern missing data procedures. Psychol Methods 6:
330–351.
Ebrahim S, Beswick A, Burke M, Davey Smith G (2006) Multiple risk factor
interventions for primary prevention of coronary heart disease. Cochrane
Database of Syst Rev 4: CD001561.
Frieden TR (2010) A framework for public health action: the health impact
pyramid. Amer J Pub Health 100: 590–595.
Schachter J (2000) Biological versus behavioral endpoints – the duet continues.
Sex Transm Dis 27: 456–457.
Cunningham JA (2006) Regression to the mean: what does it mean? Alcohol
Alcoholism 41: 580.
Stall R, Purcell DW (2000) Intertwining epidemics: A review of research on
substance use among MSM and its connection to the AIDS epidemic. AIDS
Behav 4: 181–192.
Stall R, Mills TC, Williamson J, Hart T, Greenwood G, et al. (2003) Association
of co-occurring psychosocial health problems and increased vulnerability to
HIV/AIDS among urban men who have sex with men. Amer J Pub Health 93:
939–942.
Seligman ME, Csikszentmihalyi M (2000) Positive psychology: an introduction.
Amer Psychol 55: 5–14.
Mansergh G (2002) Paradigm shift for HIV prevention in the United States.
AIDScience May (10). Accessed 22 July 2010. Available: http://aidscience.org/
Articles/AIDScience021.asp.

August 2010 | Volume 7 | Issue 8 | e1000329

Risk-Reduction Trial for Substance-Using MSM

Editors’ Summary
77% reported substance use during their most recent anal
sex encounter with a nonprimary partner. At the 3-month
follow-up, the incidence of sexual risk behavior had fallen to
about 43% in all three groups; the incidence of substance
use during sex had fallen to about 50%. Risk taking and
substance use remained at these levels in the intervention
and attention-control groups at the later follow-up time
points.

Background. AIDS first emerged in the early 1980s among
gay men living in the US. As the disease spread around the
world, it became clear that AIDS also affects heterosexual
men and women. Now, three decades on, more than 30
million people are infected with HIV, the virus that causes
AIDS. HIV is most often spread by having unprotected sex
with an infected partner and, globally, most sexual
transmission of HIV now occurs during heterosexual sex.
However, 5%–10% of all new HIV infections still occur in men
who have sex with men (MSM, a term that encompasses gay,
bisexual, transgendered, and heterosexual men who
sometimes have sex with men) and, in several high-income
countries, male-to-male sexual contact remains the most
important HIV transmission route. In the US, for example,
more than half of the approximately 50,000 people who
become infected with HIV every year do so through male-tomale sexual contact.

What Do These Findings Mean? These findings suggest
that this cognitive-behavioral intervention is no better at
reducing sexual risk taking among substance-using MSM
than is an unrelated video-discussion group or standard HIV
counseling and testing. One explanation for this negative
result might be that brief counseling is especially effective
with people who are ready for a change such as MSM willing
to enroll in an intervention trial of this type. Alternatively,
just being in the trial might have encouraged all the
participants to self-report reduced risk behavior. Thus,
alternative scientific designs and methods might be
needed to find behavioral interventions that can effectively
reduce HIV transmission among substance-using MSM and
other people at high risk of HIV infection. Importantly,
however, these findings raise the question of whether more
extensive, multilevel interventions or broader lifestyle and
positive health approaches (rather than single-level or singlesubject behavioral interventions) might be needed to reduce
sexual risk behavior among substance-using MSM.

Why Was This Study Done? In countries where MSM are
the group at highest risk of HIV infection, any intervention
that reduces HIV transmission in MSM should have a major
effect on the overall HIV infection rate. Among MSM, sexual
behaviors that increase the risk of HIV infection (for example,
not using a condom, having anal sex, having sex with a
partner of unknown HIV status, and having sex with many
partners) are associated with the use of alcohol and
noninjection drugs (for example, inhaled amyl nitrite or
poppers) during or shortly before sexual encounters. In this
study (Project MIX), the researchers investigate whether a
group-based behavioral intervention reduces sexual risk
behavior in substance-using MSM.

Additional Information. Please access these Web sites via
the online version of this summary at http://dx.doi.org/10.
1371/journal.pmed.1000329.

What Did the Researchers Do and Find? The researchers
recruited substance-using MSM from four US cities who had
had risky sex at least once in the past 6 months. Participants
were randomized to a cognitive-behavioral intervention or to
an attention-control group; a third, nonrandomized group of
MSM formed a standard HIV counseling and testing only
group. All the groups had HIV counseling and testing at the
start of the study and completed a questionnaire about their
substance use and sexual risk behavior during their most
recent anal sex encounter. The cognitive-behavior group
then received six weekly 2-hour group sessions focused on
reducing substance use and sexual risk behavior by helping
the men change their thinking (cognition) and behavior
regarding sexual risk taking. The attention-control group
received six group sessions about general MSM issues such
as relationships, excluding discussion of substance use, and
sexual risk behavior. The participants in both of these groups
completed the questionnaire about their substance use and
sexual risk behavior again at 3, 6, and 12 months after the
group sessions; the participants in the standard HIV
counseling and testing group completed the questionnaire
again about 5 months after completing the first
questionnaire (to control for the time taken by the other
two groups to complete the intervention). At baseline, about
67% of the participants reported unprotected anal sex and
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Information is available from the US Department of Health
and Human Services on HIV prevention programs,
research, and policy
Information is available from the US National Institute of
Allergy and Infectious Diseases on HIV infection and AIDS
HIV InSite has comprehensive information on all aspects of
HIV/AIDS, including information on HIV transmission and
transmission in gay men and other MSM, on substance
abuse and HIV/AIDS, and on safer sex
Information is available from Avert, an international AIDS
nonprofit, on all aspects of HIV/AIDS, including information
on HIV, AIDS, and men who have sex with men and on
drink, drugs, and sex (in English and Spanish)
The US Centers for Disease Control and Prevention also
have information for the public and for professionals about
HIV/AIDS among men who have sex with men (in English
and Spanish)
The US National Institute on Drug Abuse has information
on HIV/AIDS and drug abuse, including a resource aimed at
educating teenagers about the link between drug abuse
and the spread of HIV in the US (in English and Spanish)
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