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Abstract
Background HIV disproportionately affects sexual  
minority men, and developing strategies to reduce trans-
mission risk is a public health priority.
Purpose The goal was to empirically test a newly devel-
oped, Information, Motivation, Behavioral skills (IMB) 
theoretically derived, online HIV sexual risk reduction 
intervention (called HINTS) among a sample of sexual 
minority men living with HIV.
Methods Participants were 167 men randomized to  
either the four-session online HINTS intervention or to 
a time-matched, online control condition. Participants 
were assessed at baseline and at 6-month follow-up for 
demographic, medical and psychosocial factors, and sex-
ual risk behavior. Analyses examined group differences in 
incidence rates of condomless anal sex (CAS) at follow-up 
with all male sex partners and by partner serostatus, either 
seroconcordant or serodiscordant for HIV infection.
Results Men assigned to the HINTS intervention reported 
decreased CAS with serodiscordant partners, a behavior 
that confers high risk of HIV transmission, compared to 

the control group. Men assigned to the HINTS interven-
tion also reported increased CAS with seroconcordant 
partners, a behavior indicative of serosorting. Although 
the IMB model did not appear to mediate these interven-
tion effects, some IMB components were associated with 
behavioral outcomes at 6-month follow-up.
Conclusions A new group-based sexual risk reduction 
intervention conducted exclusively online was successful 
in reducing HIV transmission risk behavior in a sample 
of gay and bisexual men living with HIV. Future work 
should consider utilizing this intervention with other 
groups living with HIV, perhaps in combination with 
biomedical HIV prevention strategies.

Keywords  HIV • Gay and bisexual men • Sexual risk • 
Intervention

Introduction

The number of new HIV infections in the USA has 
remained stable at around 50,000 cases per year (Centers 
for Disease Control and Prevention [CDC] [1, 2]). 
However, men who have sex with men (MSM) are dis-
proportionately affected by HIV infection in the USA. 
MSM, the majority of whom identify as gay or bisex-
ual, comprise less than 5% of the U.S. population, yet 
account for over 75% of new male HIV infections each 
year [2]. At the same time, since the advent of highly 
active antiretroviral therapy, MSM with HIV infection in 
the USA are now living longer, healthier lives. With the 
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number of new infections at a plateau and fewer HIV-
associated deaths reported (World Health Organization 
[WHO] [3]), innovations in HIV prevention strategies are 
greatly needed to reduce HIV transmission.

The use of secondary HIV prevention strategies is a 
national public health priority. Although the CDC rec-
ommends abstinence from anal sex as the most effective 
way to prevent HIV transmission [4], a large majority of 
MSM with HIV do not report the intention to abstain 
from sex entirely, and even fewer follow through on such 
intentions [5]. As a result, secondary prevention strat-
egies for MSM have tended to adopt a risk reduction 
approach. Two commonly endorsed behavioral strat-
egies to reduce transmission risk among MSM include 
serosorting practices and condom use. These transmis-
sion risk reduction behavioral strategies remain vital for 
MSM with HIV infection even with the advent of new 
biomedical HIV prevention strategies, including pharma-
cological treatment as prevention (TasP) or pre-exposure 
prophylaxis (PrEP), for MSM without HIV infection [6, 
7].

Serosorting refers to the practice of limiting condom-
less sexual encounters to partners believed to be of the 
same serostatus, with the intention of reducing HIV 
transmission risk [4]. Although there are other safety 
concerns associated with serosorting behaviors [3, 8], it is 
a commonly endorsed strategy in MSM with and without 
HIV infection [9], and is recommended as a harm reduc-
tion strategy in certain circumstances [3]. Condom use is 
another widely endorsed secondary prevention strategy 
[5], which has been shown to substantially decrease the 
risk of HIV transmission in MSM [10]. The efficacy of 
condom use is well documented and long established 
[11, 12], and consistent condom use is strongly recom-
mended by both the CDC [4] and the WHO [3] to reduce 
HIV transmission risk in MSM. Despite the existence 
of these risk reduction strategies, many MSM with HIV 
infection continue to engage in sexual behaviors associ-
ated with a high risk of transmission (e.g., condomless 
anal intercourse with serodiscordant partners) [13, 14]. 
Consequently, reducing risky sexual behaviors in this 
population has been an important target for secondary 
prevention efforts.

Meta-analytic evidence indicates that interventions 
aimed at sexual risk reduction among individuals with 
HIV infection can be successful, and that these efforts 
are more effective when based on established health 
behavior theories [15–17]. One model of HIV pre-
ventive behavior with strong empirical support is the 
Information-Motivation-Behavioral Skills (IMB) model 
[18, 19]. The IMB model suggests that HIV prevention 
information, motivation, and behavioral skills are fun-
damental prerequisites to changes in sexual risk behav-
iors. Information concerning HIV risk-reduction and the 
motivation to practice preventive measures are directly 

relevant to behavioral change, and may also be expressed 
indirectly through behavioral skills. Well-informed and 
motivated individuals can apply successful behavioral 
skills (e.g., condom negotiation) in order to initiate 
and maintain risk reduction strategies (e.g., consistent 
condom use). Studies using the IMB model to predict 
sexual risk in MSM have reported somewhat mixed 
findings [20–22], but the IMB model has received con-
siderable empirical support among individuals with HIV 
infection [19, 23]. Furthermore, the IMB model has been 
used to guide the development and implementation of 
successful secondary prevention interventions targeting 
sexual risk [24–27]. It is noteworthy that to date, these 
interventions have relied on face-to-face delivery, and 
few have capitalized on novel technological interfaces.

The Internet has changed the way many people live 
their lives, especially with regards to connecting with 
others. Some have suggested that gay and bisexual men 
adopt new technologies at faster rates than the general 
population [28]. There have been many social benefits 
resulting from greater Internet usage, but its proliferation 
has also been associated with increased sexually trans-
mitted infections and HIV transmission risk [29–31]. 
Several studies have documented the increased frequency 
with which MSM seek sex partners online, and more re-
cently through mobile applications (apps), which are 
now believed to be the leading modality by which men 
meet other men for sex in the USA, even overtaking gay 
bars [32–34]. Other studies have found increased rates 
of condomless anal intercourse among MSM meeting 
partners online [33, 35]. While the Internet has become 
a means for people of all genders and sexual preferences 
to connect with romantic and sexual partners, these find-
ings suggest that the Internet may offer a unique venue 
for providing interventions to reduce HIV transmission 
risk behavior among at-risk gay and bisexual men.

Research investigating web-based interventions 
that specifically target sexual minority men has grown, 
though it still remains a relatively small empirical base. 
Recently, several online interventions delivered to young 
MSM have been shown to be feasible and acceptable, and 
have successfully enhanced HIV knowledge and moti-
vation to use condoms, as well as achieving reductions 
in reported condomless sex acts [36–40]. Notably, many 
of these interventions focused on primary HIV preven-
tion and did not include MSM living with HIV [41]. One 
recent online secondary prevention study based on a 
different model of health behavior (i.e., social cognitive 
theory) implemented tailored risk reduction messages 
regarding HIV status disclosure and condom usage and 
found decreased rates of condomless sex as rates of dis-
closure increased [42]. However, there were no significant 
differences between the intervention and control groups, 
suggesting tailored messages provided minimal bene-
fit beyond that conferred by self-monitoring and risk 
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assessment. Considering the potential risks associated 
with online partner seeking, empirical studies utilizing 
online interfaces to target sexual transmission risk in men 
living with HIV is an important area for intervention.

The purpose of the current study was to conduct a 
field test of a newly developed, brief, exclusively online 
sexual risk reduction intervention called the HIV Internet 
Sex (HINTS) study. A  group-based intervention was 
developed through formative research with men living 
with HIV who had a history of risky sexual behavior 
and online partner seeking. The IMB model served as a 
theoretical framework for the intervention development. 
Unlike some previous online interventions that utilized 
the IMB model and targeted HIV-negative individuals [36, 
40], HINTS was specifically designed for sexual minority 
men living with HIV. Gay and bisexual men living with 
HIV were randomized to either HINTS or a comparison 
control condition, and our primary hypothesis was that 
men assigned to HINTS would report increased sexual 
risk reduction practices, such as reductions in condom-
less anal sex (CAS) with all male partners and especially 
with HIV-negative or status unknown partners in the 
6  months following the study, as compared to the men 
assigned to the control group. Given that some prior sex-
ual risk reduction interventions among MSM living with 
HIV have also reported increased serosorting behavior as 
secondary outcome [43, 44], we also predicted that men 
assigned to HINTS would show increased use of this risk 
reduction strategy compared to men in the control group. 
Finally, as an exploratory aim, we hypothesized that the 
main theoretical components of the IMB model would 
mediate the intervention effects on our primary sexual 
risk reduction outcomes.

Methods

Participant Recruitment

Men were recruited for the HINTS study using on-
line and offline methods. Recruitment ads instructed  
potential participants to call the HINTS screening phone 
line. Study staff conducted a brief phone call with inter-
ested participants to assess eligibility. Inclusion criteria 
included: (a) being at least 18 years old; (b) self-identi-
fying as gay or bisexual; (c) living with HIV/AIDS, (d) 
reporting at least one instance of using the Internet to 
meet a potential sex partner, and (e) reporting at least 
one instance of CAS with a male partner. Filler ques-
tions were included in the screening assessment to limit 
potential participants’ ability to detect eligibility criteria. 
Eligible participants were then provided with informa-
tion about the study. If they agreed to participate, they 
provided their email address to receive study-related 
information.

Procedure

Participants were emailed a unique link and password 
to their online consent form. Once participants con-
sented to participate in the study, they were sent a link 
to the baseline survey. Surveys were administered using 
LimeSurvey [45], a free online open-source survey 
service. Once the baseline survey was completed, par-
ticipants were randomized using a computer-generated 
randomization program to either the HINTS interven-
tion or to a time-matched control condition. Participants 
were blind to randomization status. Men also provided 
their physical addresses in order to receive a free headset 
to better participate in the online groups. Men were 
assigned to an online group and emailed their four-ses-
sion group schedule. Group sessions were 45 min in dur-
ation and occurred in sequential order (Sessions 1–4). 
Groups were scheduled twice per week over two consecu-
tive weeks, and participants were assigned to groups by 
start time (e.g., 12 pm ET, 7 pm ET). In addition to their 
group schedule, participants were emailed a reminder 
the day before their scheduled group session to promote 
attendance. Group interaction included a combination 
of voice chat and typed chat with facilitators. Follow-up 
measures were administered 6 months from the time of 
participants’ baseline surveys and included the same 
measures, as well as a satisfaction survey for the group 
interventions. Our university’s Institutional Review 
Board approved all study procedures. Fig. 1 displays par-
ticipant flow through the study from screening to follow 
up. Our ClinicalTrials.gov number is NCT#02887508.

HINTS Intervention

Intervention content was developed using both form-
ative focus groups and individual interviews with gay 
and bisexual men living with HIV in Atlanta, GA. In 
each session, facilitators presented information, motiva-
tional skills, and behavioral strategies related to a spe-
cific topic relevant to online partner seeking and HIV 
transmission risk reduction. Online interactive polls 
were included throughout each session to assess partic-
ipants’ experiences and stimulate discussion. At the end 
of each session, participants were given an assignment to 
apply discussion topics to their own online experiences 
between sessions, in order to promote continuity and 
engagement.

Group facilitators included two clinical psychology 
graduate students and two community-based counselors, 
all of whom had specialized training for working with 
populations affected by HIV. All facilitators were female. 
Group facilitators were trained together on delivery of 
the HINTS and control interventions. Group sessions 
were recorded and reviewed by the principal investigator, 
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a licensed psychologist and the project manager, a 
licensed social worker, to monitor intervention fidelity. 
Additionally, the study team met weekly for supervision 
to discuss any pertinent issues regarding intervention 
delivery.

In Session 1, group facilitators and group members 
introduced themselves. The facilitators presented an 
overview of the HINTS intervention, then discussed 
the first HINTS topic: meeting people (including sexual 
partners) via the Internet. Participants were asked about 
their experiences of meeting others online and shared 
instances in which they had encountered a deceptive 
person or profile online. Facilitators also incorporated 
relevant video clips during the session to promote dis-
cussion. The main goal of this session was to highlight 
the possibility that potential sex partners might misrep-
resent their personal information (including serostatus) 
online. The session ended with a brief  review of the topic 
and discussion, and an assignment to look for deceptive  
information online to discuss during the next session

In Session 2, the facilitators reviewed the assignment 
on deception from the previous session, and introduced 
the topic of HIV serostatus disclosure with partners met 
online. Participants discussed when and how to address 
serostatus with potential sex partners, the pros and cons 

of doing so, and how to manage possible rejections 
following discussion of HIV status. The main goal of 
this session was to enhance motivation and behavioral 
strategies for engaging in a productive dialogue about 
HIV serostatus. The session ended with an overview of 
the day’s topics and an assignment to consider online 
serostatus disclosure for the next session’s discussion.

Session 3 followed a similar format. Discussion began 
with the assignment on serostatus disclosure from 
the previous session. The facilitators then introduced  
material regarding condom negotiation and condom use 
with partners met online. Topics of discussion included 
when to discuss condom use preferences with a potential 
sex partner, how to make condom use more enjoyable 
during sex, and how best to maintain sexual health. The 
main goal of this session was to increase motivation and 
discuss behavioral skills to effectively engage sex part-
ners in using condoms. The session concluded with a 
brief  review of the discussion topics and an assignment 
regarding online condom negotiation to be shared in the 
next session.

In Session 4, the group discussed their experiences 
with the condom negotiation assignment from the pre-
vious session. Following this discussion, the facilitators 
discussed safety when actually meeting potential sex 

Fig. 1  Participant flow through enrollment, randomization, and follow-up.
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partners met online. Participants shared strategies for 
maintaining safety when meeting an online acquaint-
ance in person, such as first meeting in a public and well-
lit area, letting a friend or family member know where 
he would be meeting the person, and having an “escape 
plan.” The goal of this session was to reinforce the top-
ics presented in earlier sessions and how to more safely 
put them into practice in real-life settings. The session 
ended with an overview of the entire HINTS program, 
and participants were invited to provide feedback about 
what they found most useful during the intervention.

Healthy Living Comparison Condition

The Healthy Living comparison condition followed the 
same format as HINTS; facilitators presented infor-
mation, motivational skills, and behavioral skills strat-
egies, but sessions were tailored to address nonsexual 
health-related topics relevant to individuals living with 
HIV. Sessions were adapted from a similar control con-
dition implemented in previous studies, and addressed 
the topics of (a) nutrition and healthy eating, (b) portion 
control, (c) exercise and staying active, (d) stress reduc-
tion to maintain health [46]. As with the HINTS sessions, 
videos and poll questions were integrated to stimulate 
discussion during the groups. All control sessions were 
time-matched with the intervention group sessions.

Measures

Demographic Information

Demographic characteristics including age, sexual iden-
tity, sexual orientation, marital status, education level, 
and income were collected from all participants at 
baseline.

Psychosocial Variables

Depressive symptoms were assessed using the 20-item 
Center for Epidemiological Studies of Depression Scale 
(CES-D; [47]). Participants endorsed how often they 
experienced each symptom characteristic of depression 
in the past week on a scale: 0 (no days), 1 (1–2 days), 2 
(3–4 days), and 3 (5–7 days). Total scores range from 0 to 
60, and a score of 16 indicates a potential clinical level of 
depression (baseline α = .931).

The Alcohol Use Disorders Identification Test 
(AUDIT; [48]) was used to assess alcohol use and related 
problems. The AUDIT includes 10 items that assess fre-
quency of drinking, alcohol dependency, and problems 
caused by alcohol use. The AUDIT was designed for use 
in primary care settings to identify individuals at risk for 
alcohol-related problems. Scores on the AUDIT range 

from 0 to 40, and a score of 8 or higher is indicative of 
at-risk drinking. Reliability of the AUDIT in the present 
sample was acceptable (baseline α = .861).

Information, Motivation, and Behavioral Skills

The IMB measures employed have been used by our  
research team in prior studies. Knowledge pertinent to 
the HINTS intervention was assessed using four ques-
tions tailored to session content. Participants responded 
yes, no, or don’t know to each of the following: (a) Can 
finding out the HIV status of a potential sex partner met 
online have health benefits? (b) Does trusting people met 
online pose risks to a person’s health and safety? (c) Can 
using condoms help prevent STDs that could compli-
cate one’s health? (d) When deciding to meet someone 
met online in person, should a person offer to meet in 
a public place during the daytime? Internal consistency 
between these Yes/No items at 6-month follow-up was 
low (KR20 = .360).

Motivation was assessed using 10 questions assess-
ing participants’ intention/willingness to practice risk  
reduction skills (e.g., condom use, serostatus disclosure, 
strategic positioning, viral load tracking) when meeting 
sex partner online. Participants responded to each ques-
tion using a scale from 0 (Definitely will not do) to 5 
(Definitely will do). A  composite score was calculated 
by averaging participants’ responses across questions 
(6-month follow-up α = .833).

Behavioral skills were assessed using a series of 
vignettes with content specific to meeting sex partners 
online. Story content included feeling lonely and logging 
onto a men’s dating site and chatting with someone who 
clearly wants to hook up; or going out feeling buzzed 
after a few drinks and instant messaging with someone 
who wants to meet for sex. Participants were asked to 
vividly imagine each story and rate their confidence in 
their ability to engage safety skills using a scale from 0 
(Cannot do at all) to 10 (Certain can do). A composite 
score was calculated by averaging responses across ques-
tions (6-month follow-up α = .977).

Sexual Behavior

At baseline and 6-month follow-up, participants self-re-
ported their total number of male sex partners during the 
past 6 months and how many of those partners they met 
online. Participants reported male sex partner serostatus 
(HIV-positive vs. HIV-negative/unknown) and the number 
of times they had CAS with partners in each serostatus 
category. CAS with partners living with HIV (serocon-
cordant) was measured to assess extent of serosorting as 
an outcome measure, while CAS with partners without 
HIV or whose HIV-status was unknown (serodiscordant) 
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was measured to assess HIV transmission risk behavior 
as an outcome measure. This method of dichotomizing 
sexual behavior by partner serostatus followed conven-
tions set by previous research on sexual risk behavior [49, 
50]. An open response format was used to control for re-
sponse bias and allowed participants to freely enter their 
number of sex partners and occasions of CAS. Survey 
software tracked participant responses and prompted par-
ticipants with their previous entries for subsequent ques-
tions regarding the number of times they engaged in CAS. 
This method of assessing sexual behavior has been used 
successfully in several prior studies [51–53].

Data Analyses

Baseline characteristics, including demographic, health, 
psychosocial, and sexual behavior variables for the inter-
vention and control groups were compared to assess the 
success of randomization. Primary study analyses were 
analyzed among participants who completed 6-month 
follow-up surveys (N = 140, 84% of randomized sample). 
Missing data was minimal (6%) at follow-up. Standard 
power analyses confirmed sufficient sample size to test 
our main hypotheses. All analyses were carried out using 
SPSS, version 21.0.

Analyses were conducted to compare IMB and sex-
ual behavior variables from baseline to 6-month fol-
low-up between groups. ANCOVAs were used to examine 
changes in the IMB variables over time. Primary outcomes 
consisted of sexual risk behavior (i.e., CAS) reported at 
6-month follow-up. Incidence of CAS was operational-
ized as count data, which tend to exhibit a strong posi-
tive skew and over dispersion [54]. As a result, a negative 
binomial distribution was applied to analyze CAS with (a) 
all male sex partners and then (b) seronegative/unknown 
male sex partners and (c) seropositive male sex partners. 
Multivariate analyses were conducted analyzing effects of 
study condition (intervention vs. control), and controlling 
for baseline sexual behavior, and a priori psychosocial 
covariates (e.g., age, depression, alcohol use). Results 
from the multivariate models are reported as exponen-
tiated beta coefficients representing incident rate ratios 
(IRRs) with 95% confidence intervals for each predictor. 
The exponentiated beta coefficients serve as a measure of 
effect size in negative binomial distribution analyses.

As an exploratory aim, we also examined the effects 
of the theoretical variables (IMB measures) on sexual 
behavior outcomes to identify potential mediators of 
primary study effects and also associations with study 
outcomes at follow-up. Multivariate analyses, including 
bootstrapping to assess indirect effects, were conducted 
including our measures of information, motivation, and 
behavioral skills to examine whether intervention effects 
on sexual behavior were explained by these theoretical 

variables. We also analyzed associations between the IMB 
constructs and sexual behavior at 6-month follow-up 
controlling for baseline sexual behavior in these analyses.

Results

Participant Characteristics

Recruitment commenced in May 2012, with the 6-month 
follow-up assessments concluding by January 2014. 
Table  1 presents sample characteristics at baseline for 
both the intervention and control groups. There were no 
significant differences in demographic or psychosocial 
characteristics at baseline, except for self-identified sexual 
orientation with more men identifying as bisexual in the 
HINTS group than the control group (p = .046). There 
were no significant differences in years since diagnosis, 
HIV medication usage, CD4 cell counts, or viral load 
status between the groups. Two participants identified as 
transgender gay men and were included in the analyses. 
A  total of 167 gay/bisexual men living with HIV were 
randomized to either the HINTS intervention (n = 85) or 
to the Healthy Living control condition (n = 82).

Study Participation, Retention, and Satisfaction

Participants in the HINTS conditions attended an aver-
age of 2.2 (SD = 1.8) out of four sessions. Participants 
in the Healthy Living control conditions attended an 
average of 2.7 sessions (SD  =  1.6). There was no sig-
nificant difference for group attendance between con-
ditions, F(1,165)  =  3.16, p  =  .077. The modal number 
of sessions attended by both groups was four sessions. 
Retention rate was approximately 84%, with 140 of 167 
participants (70 in each condition) available at 6-month 
follow-up. No significant differences in attrition were 
observed between groups.

Participants were asked to rate their satisfaction using 
the following scale: 0) Unsatisfied; 1) Somewhat unsat-
isfied; 2) Somewhat satisfied; 3) Satisfied. Overall, par-
ticipants in the HINTS intervention reported a mean 
satisfaction of 2.72 (SD = 0.7), while participants in the 
control condition reported a mean satisfaction of 2.57 
(SD = 0.9). At 6-month follow-up, 97% of participants 
in the HINTS intervention and 84% in the control condi-
tion agreed that study participation was worth their time.

Main Effects Analyses

Descriptive statistics for the IMB variables and the sexual 
behavior outcomes at baseline and 6-month follow-up are 
presented in Table  2. ANCOVA analyses controlling for 
baseline data, showed no significant change between groups 
in the IMB variables at 6-month follow-up (all p’s > .05). 
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Participants in the HINTS intervention reported more male 
sex partners at 6 months compared to the control condition, 
controlling for baseline number of partners (IRR: 1.81; 
95% CI: 1.23–2.68; p = .003). Participants in HINTS simi-
larly reported meeting more sex partners online at 6-month 
follow-up (IRR: 2.72; 95% CI: 1.79–4.14; p < .001). While 
no changes in CAS with all male partners were observed 

between groups, we observed different patterns of CAS with 
partners based on their serostatus between the HINTS and 
control groups. Thus, the following main effects analyses 
were conducted to explore these changes while controlling 
for covariates and exploring for potential IMB mediators 
assessed at 6-month follow-up. Results of the main effects 
analyses are presented in Table 3 and are depicted in Fig. 2.

Table 1  Demographic, health, psychosocial, and sexual behavior characteristics for the entire sample at baseline

Total sample  
(N = 167)

Intervention  
group (n = 85)

Control group 
(n = 82)

p value for differences  
by condition

Mean (SD) or percentage

Age 44.7 (10.8) 43.7 (11.4) 45.7 (10.1) .230

Race/ethnicity .548

  White 58% 55% 60%

  Black/African American 25% 25% 24%

  Hispanic/Latino 14% 14% 13%

  Asian/Pacific Islander 2% 4% 0%

  Biracial/Mixed Ethnicity 2% 2% 2%

Male Gender Identification 99% 99% 99% 1.00

Transgender 1% 1% 1%

Sexual Orientation .046

  Gay or homosexual 92% 88% 96%

  Bisexual 8% 12% 4%

Married or living with a partner 20% 20% 21% .988

Education .613

  High school or less 17% 19% 16%

  Beyond high school 83% 81% 84%

Income .510

  $0–$10,000 18% 14% 22%

  $11,000–$20,000 23% 25% 21%

  $21,000–$30,000 16% 14% 18%

  $31,000–$40,000 14% 14% 13%

  $41,000–$50,000 7% 9% 4%

  Over $50,000 21% 21% 21%

Employment Status .845

  Unemployed 18% 19% 17%

  Working 42% 39% 45%

  Receiving disability 31% 33% 29%

  Student 5% 5% 6%

  Retired 4% 5% 2%

Health Characteristics

  Years since HIV Diagnosis 12.0 (9.4) 12.4 (9.7) 11.7 (9.1) .644

  Most recent CD4 cell count 644.8 (257.5) 643.7 (271.9) 646.1 (242.6) .958

  Currently taking HIV medications 93% 93% 94% .802

  Undetectable viral load (baseline) 74% 73% 76% .725

  Undetectable viral load (6 months) 75% 73% 80% .543

Psychosocial variables

  Depression (CES-D score) 17.0 (12.4) 18.4 (12.8) 15.6 (11.9) .148
  Problem drinking (AUDIT score) 5.7 (6.1) 5.4 (6.5) 5.9 (5.7) .633

CES-D Center for Epidemiological Studies of Depression Scale; SD standard deviation.
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Sexual Risk Behavior With all Male Sex Partners

Experimental condition (HINTS vs. Healthy Living con-
trol) was not a significant predictor of incidence of CAS 
with all male sex partners regardless of serostatus (IRR: 
0.964; 95% CI: 0.610–1.522; p = .874), when controlling 
for age, depression, alcohol use, and sexual risk behavior 
reported at baseline, indicating that receiving the HINTS 

intervention did not significantly predict total frequency 
of CAS with all male sexual partners.

Sexual Risk Behavior With Serodiscordant Male Sex 
Partners

To assess for HIV transmission risk behavior as an 
outcome, incidence of CAS with serodiscordant 

Table 2  Descriptive statistics of IMB and sexual behavior outcomes of the HINTS Intervention compared to the healthy living control 
group at baseline and 6-month follow-up

Outcome

HINTS intervention Control group

p-value*

Baseline
6-month 
follow-up Baseline

6-month 
follow-up

M SD M SD M SD M SD

I: Knowledge 3.49 0.6 3.47 0.9 3.49 0.8 3.66 0.7 .540

M: Intentions 4.26 0.9 4.25 1.0 4.13 1.0 4.16 1.0 .805

Behavior: Efficacy 7.03 2.3 7.08 2.5 6.60 2.3 6.86 2.4 .742

Exp(B) (95% CI); p**

Number male sex partners 4.97 6.5 4.89 13.1 4.69 6.3 2.58 3.2 1.81 (1.23–2.68); p = .003

Sex partners met online 3.46 5.1 3.95 12.4 2.97 4.3 1.46 2.4 2.72 (1.79–4.14); p < .001

CAS – All partners 9.34 16.4 6.40 14.8 11.32 19.1 8.90 18.1 0.91 (0.63–1.30); p = .589

CAS – HIV-/unknown 3.70 6.33 1.54 4.1 5.31 11.2 3.58 13.3 0.33 (0.20–0.53); p < .001
CAS – HIV+ 7.17 16.0 4.86 13.4 8.02 17.3 5.32 12.0 1.61 (1.08–2.40); p = .020

CAS condomless anal sex; IMB Information, Motivation, Behavioral skills.

*Analysis of covariance results controlling for baseline levels.

**Negative binomial regression results, controlling for baseline levels reported as incident rate ratio.

Table 3  Results of the negative binomial models of the main effects of the intervention on sexual risk behavior (condomless anal sex) with 
all sexual partners, and with sexual partners by serostatus

Sexual risk behavior outcome 
at 6-month follow-up Model predictor B IRR CI95%lo CI95%hi p

Condomless anal  
sex – All partners

CES-D −0.022 0.979 0.959 0.999 .038

Age −0.033 0.967 0.942 0.994 .015

AUDIT −0.043 0.958 0.913 1.005 .078

Condition −0.037 0.964 0.610 1.522 .874

Baseline risk behavior – All partners 0.030 1.030 1.014 1.047 <.001

Condomless anal  
sex - HIV-/unknown 
partners

CES-D −0.013 0.987 0.962 1.012 .304

Age −0.014 0.987 0.953 1.021 .436

AUDIT −0.008 0.992 0.936 1.050 .772

Condition −0.985 0.373 0.207 0.672 .001

Baseline risk behavior – HIV-/unknown 
partners

0.048 1.049 1.014 1.085 .006

Condomless anal  
sex – HIV+ partners

CES-D −0.011 0.989 0.967 1.011 .333

Age −0.034 0.966 0.940 0.993 .014

AUDIT −0.039 0.962 0.911 1.014 .151

Condition 0.762 2.142 1.268 3.617 .004
Baseline risk behavior – HIV+ partners 0.042 1.043 1.022 1.064 <.001

CES-D Center for Epidemiological Studies of Depression Scale; IRR incident rate ratios.
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(HIV-negative/serostatus unknown) sex partners reported 
at 6-month follow-up was examined. Participants in the 
HINTS intervention reported significantly reduced sex-
ual risk behavior with serodiscordant partners at fol-
low-up (IRR: 0.373; 95% CI: 0.207–0.672; p  =  .001), 
when controlling for age, depression, alcohol use, and 
baseline sexual risk behavior. Men who participated in 
the HINTS intervention were 62.7% less likely to engage 
in CAS with a serodiscordant partner at follow-up than 
men assigned to the control condition.

Sexual Risk Behavior With Seroconcordant Male Sex 
Partners

Finally, incidence of CAS with seroconcordant sex part-
ners reported at 6-month follow-up was examined. This 
outcome is consistent with serosorting behavior, which 
was hypothesized to increase following intervention. 
Participation in the HINTS intervention was signifi-
cantly associated with increased incidence of CAS with 
sex partners living with HIV at follow-up (IRR: 2.142; 
95% CI: 1.268–3.617; p = .004). Men who participated in 
the HINTS intervention were more than twice as likely 
to engage in CAS with seroconcordant partners com-
pared to men assigned to the control condition.

Theoretical IMB Analyses

Because the IMB variables did not significantly change 
during the intervention as noted above, conditions were 
not met for potential mediation effects of these theoreti-
cal constructs on our sexual behavior outcomes. Further, 

using formal mediation analyses with 1,000 boot-
strap samples, we did not see evidence for any indirect 
effects of the IMB constructs on CAS for all partners 
(Information: B[SE] = −0.28 [0.77], 95% CI: −1.40–0.53; 
Motivation: B [SE]  =  −0.08 [0.55], 95% CI: −1.43–
0.98; Behavioral Skills: B [SE] = −0.07 [0.45], 95% CI: 
−1.23–0.68), for HIV-/unknown partners (Information: 
B [SE]  =  0.06 [0.30], 95% CI: −0.41–0.53; Motivation: 
B [SE] = −0.02 [0.36], 95% CI: −0.87–0.68; Behavioral 
Skills: B [SE] = −0.08 [0.34], 95% CI: −0.93–0.53), and 
for HIV+ partners (Information: B [SE] = −0.40 [0.40], 
95% CI: −1.49–0.10; Motivation: B [SE] = −0.03 [0.25], 
95% CI: −0.59–0.56; Behavioral Skills: B [SE]  =  0.06 
[0.32], 95% CI: −0.58–0.83).

We then examined the association of the information, 
motivation, and behavioral skills variables at 6-month 
follow-up with the primary study outcomes (CAS with 
all male sex partners, CAS with serodiscordant partners, 
and CAS with seroconcordant partners). Table 4 presents 
the results of these analyses. Motivation (IRR: 0.485; 
95% CI: 0.292–0.803; p  =  .005) and behavioral skills 
(IRR: 0.749; 95% CI: 0.607–0.926; p = .007) at 6 months 
were significantly associated with decreases in incidence 
of CAS with serodiscordant partners. Motivation at 
6 months was also significantly associated with increases 
in CAS with seroconcordant partners (IRR: 0.634; 95% 
CI: 0.419–0.960; p = .031).

Discussion

The goal of this study was to empirically test a newly 
developed online HIV sexual risk reduction intervention 

Fig. 2  Marginal mean incidence of condomless anal sex at 6-month follow-up by experimental condition across (A) all male sex partners 
and (B) by sex partner serostatus. HINTS HIV Internet Sex Study (experimental condition).
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(called HINTS) among a sample of gay and bisex-
ual men living with HIV who meet sex partners online. 
HINTS is a four-session, group-based behavioral inter-
vention delivered exclusively online and developed using 
the IMB model of health behavior change [18, 19]. 
HINTS differs from previous online sexual risk reduc-
tion interventions in that it targets MSM living with HIV 
across a range of ages, is based on the IMB model of 
health behavior change, and includes information per-
tinent to online partner seeking. Sessions consisted of 
health and Internet safety-related information, as well 
as presentation and discussion of scenarios to enhance 
motivation and provide the behavioral skills necessary 
to reduce sexual risk behavior. A  total of 167 men (85 
assigned to HINTS and 82 assigned to a Healthy Living 
control condition) participated in the study. Condomless 
anal sex (CAS) with male partners was assessed at base-
line (preintervention) and at 6-month follow-up. We also 
assessed IMB variables as potential mediators of inter-
vention effects on sexual risk behavior.

Although the HINTS intervention did not have a sig-
nificant impact on frequency of CAS when examining 
sexual risk behavior across all male partners, there were 
significant intervention effects when tested separately by 
partner serostatus. Men assigned to the HINTS inter-
vention were significantly less likely to engage in CAS 
with male partners who were either HIV-negative or 
whose HIV serostatus was unknown, as compared to 
men assigned to the Healthy Living control condition. 
For men living with HIV, CAS with serodiscordant part-
ners confers the greatest risk of HIV transmission [13, 
14]. The reduced frequency of this behavior among men 
who received the HINTS intervention indicates signifi-
cant alterations in sexual transmission risk behavior, a 
finding with important clinical and public health impli-
cations. Motivation and behavioral skills assessed at 
6 months were related to the decreased incidence of CAS 
with serodiscordant partners. Thus, it appears that hav-
ing a greater level of motivation for reducing sexual risk 
and the important skills for enacting safer sex practices is 

Table 4  Results of the negative binomial models of the mediating effects of IMB variables on sexual risk behavior (condomless anal sex) 
with all sexual partners, and with sexual partners by serostatus

Sexual risk behavior  
outcome at 6-month follow-up Model predictor B IRR CI95%lo CI95%hi p

Condomless anal  
sex – All partners

CES-D −0.039 0.962 0.940 0.984 .001

Age −0.040 0.961 0.932 0.991 .011

AUDIT −0.040 0.961 0.913 1.011 .126

Condition 0.323 1.382 0.825 2.315 .219

Baseline risk behavior –  
All partners

0.019 1.019 1.003 1.035 .019

Information 0.193 1.213 0.773 1.903 .401

Motivation −0.337 0.714 0.480 1.064 .098

Behavioral Skills −0.127 0.880 0.759 1.021 .092

Condomless anal  
sex - HIV-/unknown  
partners

CESD −0.021 0.979 0.951 1.009 .166

Age −0.026 0.975 0.930 1.022 .286

AUDIT −0.063 0.939 0.872 1.012 .098

Condition −0.397 0.672 0.330 1.369 .274

Baseline risk behavior – 
HIV-/unknown partners

0.036 1.037 0.997 1.076 .068

Information 0.053 1.054 0.624 1.781 .843

Motivation −0.725 0.485 0.292 0.803 .005

Behavioral Skills −0.289 0.749 0.607 0.926 .007
Condomless anal  

sex – HIV+ partners
CESD −0.013 0.987 0.963 1.011 .279

Age −0.053 0.949 0.920 0.978 .001

AUDIT −0.020 0.980 0.923 1.040 .502

Condition 0.922 2.514 1.444 4.376 .001

Baseline risk behavior – 
HIV+ partners

0.040 1.041 1.020 1.061 <.001

Information 0.214 1.239 0.751 2.043 .401

Motivation −0.455 0.634 0.419 0.960 .031
Behavioral Skills 0.163 1.177 0.991 1.396 .063
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associated with decreased HIV transmission risk behav-
ior. However, these IMB variables did not change due to 
the HINTS intervention and cannot explain the change 
in CAS based on HINTS group participation. These 
IMB findings relate to other previous work linking the 
components of the IMB model to health behavioral out-
comes [20–23].

Information did not have a significant impact in our 
model, perhaps due to the low reliability of our measure 
or, more likely, due to the established knowledge base 
of our sample. In fact, it is quite possible that meth-
odological issues (e.g., reliability, validity) related to all 
three of our IMB outcome measures may have led to not 
observing a change in the IMB components as a result 
of the HINTS intervention. We utilized the IMB the-
oretical model for developing the HINTS intervention 
content during in-person interviews and face-to-face 
focus groups, but perhaps did not adapt existing meas-
ures used in our prior work adequately for online use. 
Thus, the existing measures simply may not have been 
sensitive enough to assess what participants were really 
getting from the HINTS intervention that led to the 
reductions in sexual risk behavior. Future work should 
look to tailor measures specifically to intervention con-
tent administered online.

Men assigned to HINTS also showed greater fre-
quency of CAS with partners living with HIV at fol-
low-up compared to men assigned to the Healthy Living 
control condition. This result suggests that men who 
received the HINTS intervention engaged in serosorting 
behavior with greater frequency than men in the control 
condition. Serosorting is a commonly endorsed strat-
egy in MSM with and without HIV infection because 
it is perceived to reduce HIV transmission [9], and 
serosorting frequency has been shown to increase dur-
ing some behavioral risk reduction interventions [38, 
39]. Motivation level at 6  months was also related to 
increased incidence of CAS with seroconcordant part-
ners. It appears that having a greater level of motiva-
tion for reducing sexual risk is associated with increased 
serosorting behavior, but again since motivation level did 
not significantly change due to the HINTS intervention, 
it cannot explain the increases in serosorting behavior. 
Regardless, participation in the HINTS intervention 
promoted serosorting behavior among the participants, 
perhaps reducing subsequent HIV transmission risk.

Although serosorting can help reduce HIV transmis-
sion risk compared to CAS with serodiscordant part-
ners [55], it is important to note that it is also associated 
with a number of significant health risks, including 
increased risk for contracting bacterial and viral sexu-
ally transmitted infections, and risk of “superinfection” 
with multiple strains of HIV [55–59]. These health risks, 
and the potential for increased stigma that may result 
from serosorting, highlight the limitations of the current 

findings and the need for future studies to address the 
unique risks associated with distinct sexual behaviors. In 
addition, recent evidence suggests that serosorting may 
be most relevant for MSM with undetectable viral loads 
[60]. Incorporating conversations around viral load 
status into sexual decision-making (e.g., viral-sorting) 
would also be an important aspect of sexual risk reduc-
tion to explore in the future.

Some additional limitations are worth noting. The 
sample was drawn primarily from the East Coast and 
the Midwest due to logistical difficulties associated with 
running groups in different time zones. However, the 
study effectively engaged participants from both urban 
and rural areas, and the exclusively online nature of the 
intervention allowed sexual minority men in underserved 
areas to participate. Participants’ sexual behavior data 
must be interpreted with some caution, as it was collected 
online via self-report, which may have resulted in biased 
reporting. However, this strategy has been successfully 
used in previous work, and prompts were incorporated 
to help ensure valid data collection. Use of biomedical 
prevention strategies (e.g., TasP or PrEP) by partici-
pants’ partners was not evaluated in this study, and will 
be important to account for in the future. HIV treatment 
is a critical component of recent primary and secondary 
prevention efforts, and should be incorporated into the 
development of future risk reduction strategies. Recent 
recommendations now call for the use of combined 
bio-behavioral prevention interventions [7], and the brief, 
online HINTS intervention seems uniquely poised for 
this role. This study also examined only gay and bisexual 
men, and therefore cannot be generalized to all MSM, 
women, transgender individuals, or other people living 
with HIV. Since our HINTS intervention was specifically 
developed using input from gay and bisexual men living 
with HIV and was designed to address transmission risk 
factors relevant to this group, it is unclear how effective it 
would be in other populations affected by HIV infection. 
Although sexual minority men represent the group with 
the greatest incidence of HIV transmission in the USA, 
it will be important to assess secondary transmission risk 
among women and other key groups in future work.

Conclusion

Our novel, theoretically driven, brief  group intervention 
called HINTS was successful in reducing specific HIV 
transmission risk behaviors, as well as increasing serosort-
ing behavior in a sample of gay and bisexual men who 
meet their sex partners online. Some components of the 
IMB model were related to observed changes in sexual 
risk behavior, but did not explain the main intervention 
effects. Although these effects were evident at 6-month 
follow-up, it will be important to examine the durability 
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of the HIV risk reduction and serosorting behaviors 
over longer periods of time in future work. Use of so-
cial media and other forms of Internet-based technology 
(such as mobile apps) to follow individuals over longer 
intervals may help to promote and maintain these sig-
nificant benefits. Given that the HINTS intervention is 
brief  and readily accessible online, its future use is war-
ranted in combination with biomedical strategies.
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