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Abstract

Pre-exposure prophylaxis (PrEP), taken as a single daily co-formulated pill containing tenofovir-
emtricitabine, is a promising intervention to reduce the likelihood of HIV acquisition in at-risk
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individuals, including men who have sex with men (MSM). Little is known about the acceptability
of less than daily, intermittent PrEP (iPrEP) regimens. We conducted an online survey of North
American MSM to characterize their sexual frequency and planning behaviors and correlate these
with PrEP dosing preferences. Of the 3,217 respondents who completed the survey, 46% reported
engaging in unplanned condomless anal intercourse (CAI) at least once in the prior 3 months and
8% reported engaging in CAI more than once per week. In multivariable analysis, reporting
unplanned CAI was associated with lower educational level, identifying as homosexual/gay as
compared to bisexual, being in a monogamous relationship, having a higher self-perceived risk of
HIV acquisition, higher income, engaging in CAIl more than five times in the last 3 months, and
not having visited a healthcare provider in the previous year. Frequent CAl (>1x/week) was
associated with being younger, identifying as homosexual/gay as compared to bisexual, being in a
monogamous relationship, and having a higher self-perceived risk of HIV. Having had only
planned sex over the last 3 months was associated with a preference for event-based PrEP, while
having frequent or unplanned CAI was associated with a preference for daily or time-driven PrEP
regimens, respectively. Our findings suggest that preferences for different PrEP regimens are
associated with the sexual frequency and planning behaviors of potential users.
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INTRODUCTION

Men who have sex with men (MSM) continue to have high rates of incident HIV infection
in the United States and worldwide (1,2). For this reason, robust preventative strategies are
needed to limit the number of new infections in this population. Oral antiretroviral pre-
exposure prophylaxis (PrEP) offers promise as a new prevention modality. In 2010, the
iPrEx study demonstrated that a once daily fixed dose combination tablet containing
tenofovir disoproxil fumarate and emtricitabine (TDF/FTC) reduced the risk of HIV
acquisition among at-risk men and transgendered women who have sex with men compared
to placebo by 44% (3). Other studies have demonstrated the efficacy of daily PrEP in
reducing the risk of HIV acquisition in several populations, including HIV sero-discordant
heterosexual couples (4,5) and persons who inject drugs (6). Two oral PrEP studies in
African women did not demonstrate protection with PrEP (7,8); however these trials
suffered from low rates of adherence. Retrospective analysis of these recent trial results
found that PrEP efficacy is primarily correlated with medication adherence (9). Indeed, in
the iPrEx study, the protective effect of TDF/FTC was estimated at 92% in those who had
detectable levels of drug in their serum and over 99% for those with drug levels consistent
with daily use (10).

In light of trial results that were positive, the U.S. Center for Disease Control and Prevention
(CDC) issued guidance for healthcare practitioners to consider providing PrEP for HIV
prevention in high-risk MSM in 2011 and in at-risk heterosexual individuals in 2012
(11,12). Despite these developments, PrEP has had low uptake amongst consumers and
clinicians (13). A few barriers to widespread uptake of PrEP include concerns about cost,
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given medication expenses of over $10,000 annually, potential toxicities associated with
long-term use of daily medications, and how best to optimize adherence, given the clear
correlation between adherence and efficacy seen in trials (14,15). One possible solution is
the development of less frequent dosing regimens that would reduce pill burden and limit
potential side effects and toxicities associated with daily use. Intermittent dosing would
theoretically cost less and could be appealing to those who find taking a daily pill difficult or
whose risk for HIV acquisition varies over time (16).

The efficacy of intermittent PrEP was demonstrated in the CAPRISA 004 trial, which
showed a 39% reduction in HIV acquisition in women who used 1% tenofovir vaginal gel
before and after sexual encounters (17). The positive results of this trial were not replicated
in the larger FACTS 001 trial, which suffered from low rates of adherence (18). Two studies
have been undertaken to determine if oral intermittent PrEP (iPrEP) regimens are safe,
efficacious, and acceptable. The IPERGAY study examined the safety and efficacy of
“event driven” PrEP, defined as PrEP taken around episodes of sexual contact (19). In
October, 2014, study investigators began offering PrEP to all study participants as interim
analyses demonstrated that the incidence of HIV infection was significantly lower among
MSM randomized to use TDF/FTC episodically as compared to placebo (20). It was
recently reported that those in the “event driven” TDF/FTC arm had an 86% relative
reduction in HIV incidence over the approximately 9 month follow-up period of
randomization as compared to those in the placebo arm (21). The ADAPT (HPTNO067) study
is comparing acceptability and tolerability of several PrEP dosing regimens including daily
dosing, “time driven” dosing (i.e. fixed interval) and “event driven” dosing (22). Preliminary
analysis indicated greater adherence with daily dosing regimens amongst the cohort of
heterosexual women in Cape Town in this study (23). The final study results, which
included two cohorts of MSM, one recruited in New York City and one in Bangkok, are
expected to be presented in the second half of 2015 (24). Although the complete results of
these studies of less than daily PrEP are not available, the implementation of new dosing
strategies will require a deeper understanding of the patterns of sexual behaviors among at-
risk persons and their attitudes towards the use of iPrEP. As 2/3 of all new HIV infections in
the US occur among MSM (25), and MSM who engage in online social networking may be
at increased risk for HIV acquisition (26—-28) and report interest in utilizing PrEP (29),
additional studies to understand PrEP dosing preferences and likely adherence among
subgroups of MSM who meet their partners online are needed.

The current study characterizes sexual frequency and planning behaviors in a North
American population of MSM using a survey conducted through a popular online sexual
networking site for MSM. We also present information regarding preferences for different
PrEP dosing regimens and identify sociodemographic and behavioral factors associated with
these preferences.

METHODS
Study Population

North American members of a large, multinational social networking site for MSM were
invited to complete an anonymous online survey shortly after the release of the iPrEx results
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(December—January, 2011). Participants were eligible if they were biologically male at birth,
at least 18 years of age, HIV-uninfected by self-report, and able to read/understand English
and use a computer. The methods for study recruitment have been described in detail
previously (29). Email broadcasts were sent out to members of the networking site in U.S.
and Canada with an invitation to complete surveys assessing their knowledge of and interest
in using PrEP. Previously, we reported differences in PrEP awareness and interest before
and after the publication of the iPrEx study findings. For the current analysis, data was used
from recruitment after the publication of iPrEx. Of the 107,559 members who received and
opened emails, 18,710 (17.3%) clicked through to the survey, 6,993 (37.3%) consented to
complete a pre-screening questionnaire, 6,009 (85.9%) met eligibility criteria, and 5,079
(84.5%) consented to enroll in the study and have their data analyzed; 1,862 (36.6%)
participants abandoned the study before completion. Data was analyzed for the remaining
3,217 who completed the survey (supplemental figure 1).

Measures

Sociodemographics—Analyses included age, race, education level, annual income,
sexual orientation, relationship status, and country of residence.

Psychosocial factors and engagement in healthcare—Problematic alcohol use was
assessed by administering the 4-item CAGE questionnaire (30,31). We screened for
depression by using the Centers for Epidemiologic Studies Depression (CES-D) scale, with
a score of 10 or greater considered a positive screen (32). To assess engagement in
healthcare, participants were asked if they had visited a provider in the last 12 months.

Self-Perceived Risk of HIV Acquisition—Self-perceived risk of HIV was assessed by
asking: “Based on your sexual experiences in the past 3 months with male sex partners, if
you were to rate your risk of getting HIV on a scale of 1-10, with 1 being not risky at all to
10 being extremely risky, how would you rate yourself? (1-10)” (33).

Sexual Planning—To characterize sex planning, participants were asked, “Over the past 3
months, | had sex defined as insertive or receptive anal sex with a man that was not
‘planned’ and did not use a condom at least once (true, false, unsure)”, and “Over the past 3
months, all the sex | had was planned (true, false, unsure).” “Planned” sex was defined as
having an intentional arrangement to have sex with a man, such as making an appointment
to have sex, or going out to a sex party, bar or club to have sex (34).

Sexual Frequency—To characterize sexual frequency, participants were asked: “On
average, how often do you have anal sex with a man without a condom (i.e. his penis in your
anus without a condom OR your penis in his anus without a condom)? (more than once per
day, once per day, several times per week, once per week, and less than once per week).”

Sexual frequency/planning throughout the week—Respondents were asked: “Over
the past week, on which days did you have anal sex with a man without a condom?
Monday—-Sunday (check all that apply),” followed by “Please indicate if the first act of anal
sex with a man without a condom on each of those days was planned.” Respondents were
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also asked whether, over the last 3 months, all the sex they had was only on weekends (true/
false/unsure).

Regimen Preferences—Interest in using different PrEP regimens was assessed with the
following question: “Would you take PrEP (ie pre-exposure prophylaxis, medication taken
by mouth before sex as protection against HIV infection) if: (a) you had to take a pill once a
day for it to work (daily PrEP);? (b) you only had to take a pill every Monday and Friday
plus another pill soon after sex for it to work (time driven PrEP);? and (c) you had to take a
pill right before sex plus another pill soon after sex for it to work (event driven PrEP)? (yes,
no, unsure).”

Statistical Analysis

Descriptive statistics for sociodemographics, self-perceived risk of HIV infection,
psychosocial factors (depression, alcohol use), and healthcare access were calculated with
proportions for categorical variables and medians and interquartile ranges (IQR) for
continuous variables. These factors were calculated for the overall sample, and for those
reporting CAIl and frequent CAI (>1 one time per week). To assess factors associated with
1) engagement in CAl and 2) frequent CAl, logistic regression models were fit using
sociodemographic, psychosocial, and healthcare-related covariates as independent variables.
First, bivariate logistic regression models were fit for each outcome of interest. Second,
multivariable logistic regression models containing all of the original covariates were fit to
assess independent associations between covariates and outcomes of interest. We then built
a series of logistic regression models to determine associations between sexual behavior
patterns and interest in daily, event-driven, and time-driven PrEP. Independent variables
included engagement in any unplanned CAl in the previous 3 months, frequent CAl, and
only having planned sex over the previous 3 months. A bivariate logistic regression model
was first built for each dependent-independent association of interest, followed by a
multivariable logistic regression model adjusting for factors conceptualized to potentially
confound these relationships, including age, education, income, sexual orientation,
relationship status, depression and alcohol use, healthcare access, and nation of residence.
An alpha level of 0.05 or less was considered statistically significant. All analyses were run
in Stata 13.1 (StataCorp, College Station, TX).

Ethics Statement

RESULTS

The Institutional Review Boards of the Fenway Institute and Beth Israel Deaconess Medical
Center approved the study procedures. All participants provided internet-based informed
consent. As all data were collected and analyzed anonymously, documentation of written
informed consent was waived by these Institutional Review Boards.

Demographics

The baseline demographics of the sample are reported in Table 1. The median age was 40
(IQR 28-49) and 84% identified as White; 68% had a college degree or higher, 83%
identified as homosexual/gay, and 11.9% identified as being in a monogamous relationship.
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Descriptive Analysis of Sexual Frequency and Planning

Figure 1 demonstrates the days in the past week participants reported having CAl, as well as
whether CAI was planned. A majority of CAI over the course of the week was planned in
advance, as up to 80% of the respondents who reported CAl on any particular day indicated
that their first sex act of the day was planned. Few (14%) of respondents reported having sex
only on the weekends (Friday-Sunday) over the last 3 months. Overall, 8% of participants
reported engaging in CAIl more than once per week on average. Nearly half (46%) of
participants reported engaging in unplanned CAI at least once in the last 3 months.

Bivariate and Multivariable analysis of factors associated with frequent CAl and planning

Bivariate and multivariable analyses of factors associated with engaging in unplanned CAI
at least once in the last 3 months are reported in Table 1. Multivariable analysis indicated
that respondents who reported unplanned CAl in the last 3 months were significantly less
likely to have a college degree or higher (aOR 0.68, 95% CI 0.57-0.80). They were also less
likely to report being bisexual as compared to homosexual/gay (aOR 0.80, 95% CI 0.65-
0.98) and less likely to have visited a provider in the last 12 months (aOR 0.76, 95% ClI
0.60-0.98). Factors associated with unplanned CAl included higher self-perceived HIV risk
(aOR 1.26, 95%CI 1.22-1.31 for every 1 unit increase in perceived risk on a 10 point scale),
being in a monogamous relationship (aOR 1.68, 95% CI 0.1.33-2.12), engaging in CAl
more than 5 times in the last 3 months (aOR 1.70, 95% CI 1.34-2.17), as well as having a
higher annual income (as compared to <$17,999, $18,000-29,999: aOR 1.52, 95% CI 1.16—
2.0; $30,000-59,999: aOR 1.36, 95% CI 1.07-1.71; =2$60,000: aOR 1.33, 95% CI 1.04—
1.70).

Table 2 demonstrates bivariate and multivariable analysis of factors associated with frequent
CAI (>1 times per week). Respondents who reported frequent CAl tended to be younger
(median age 37 versus 40, aOR 0.98, 95% CI 0.97-0.99), in a monogamous relationship
(aOR 4.23, 95% CI 3.05-5.86), and had a higher self-perceived risk of HIV acquisition (OR
1.17,95% CI 1.11-1.23 per 1-unit increase in perceived risk on a 10 point scale).
Identifying as bisexual as compared to homosexual/gay was associated with a decreased
likelihood of reporting frequent CAI (aOR 0.50, 95% CI 0.33-0.77).

Associations between sex frequency/planning behaviors and interest in different PrEP
regimens

Table 3 demonstrates associations between reporting unplanned CAl in the past 3 months
and interest in using different PrEP regimens. In multivariable analysis, having unplanned
CAl in the past 3 months was significantly associated with interest in using time driven
(fixed interval dosing) PrEP (aOR 1.24, 95% CI 1.07-1.43). Although not significant, there
was a trend toward willingness to use daily PrEP (aOR 1.15, 95% CI 1.00-1.33) as well.
Table 4 demonstrates associations between frequent CAl and interest in using different PrEP
regimens. In multivariable analysis, engaging in frequent CAl was significantly associated
with interest in using daily PrEP (aOR 1.49, 95% CI 1.13-1.91). Table 5 demonstrates
associations between only engaging in planned sex over the past 3 months and preferences
for different PrEP regimens. In multivariable analysis, only having planned sex was
associated with interest in using event-driven PrEP (aOR 1.21, 95% CI 1.02-1.43). Across
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the entire sample, respondants were most willing to use event driven PrEP (75.8%),
followed by time driven PrEP (61.2%), and daily PrEP (49.8%). Overall willingness to use
these regimens remained high across all subgroups analyzed by sexual frequency and
planning behaviors (supplemental figure 2a—b).

DISCUSSION

These results provide insight into temporal patterns of sexual activity as well as planning
behaviors in a large sample of North American MSM, extending observations from a
previous online study of North American MSM (35). In our study population, most episodes
of condomless anal intercourse appear to be planned in advance, which could suggest that
event driven PrEP would be feasible. A prior on-line study of North American MSM found
that most (85%) reported sex that was infrequent enough (sex on two days per week or less)
to justify intermittent PrEP, though 58% of the cohort reported essentially no planning prior
to their most recent sexual encounter (35). A study of sexual frequency and planning
behavior of an MSM population in Thailand showed that most (86%) had sex that was
infrequent enough to justify consideration of an intermittent PrEP regimen (34). A
significant portion (65%) of this cohort also reported anticipation of their most recent sex
act. A sizable group of MSM in our study reported only having sex only on weekends. As
their risk for HIV acquisition is theoretically confined to 3 days out of the week, this group
of MSM may be best suited for less than daily PrEP regimens such as time-driven or event-
driven PrEP.

In the current study, having unplanned CAI was associated with lower educational level.
This finding corresponds with prior studies that have shown that lower educational
achievement (35) is associated with lack of sexual planning in MSM. Our study also
demonstrated that having unplanned CAI was associated with frequent CAl as well as
having a higher self-perceived risk of HIV. Although no study that we are aware of has
investigated an association between self-perceived risk of HIV and sexual planning
behaviors, van Griensven et al. have shown that risk factors for HIV acquisition such as
younger age and engaging in receptive anal intercourse are associated with less sexual
planning (34). These results suggest that those individuals who tend to be at higher risk for
HIV acquisition (younger age, lower socioeconomic status) are also those who are unable to
anticipate their next sex act. Providers should consider these factors when considering who
may not be candidates for event based PrEP, as event based PrEP would require anticipation
of sex acts in advance. These patients may be better suited for a time driven or daily PrEP
regimen. In our study, being in a monogamous relationship and not having visited a provider
in the last 12 months was also associated with less sexual planning. These results are similar
to those reported by Volk et al., which showed that having a committed partner and
undergoing less frequent HIV testing was associated with having unplanned sex (35). This
suggests that persons in HIV serodiscordant relationships or in stable partnerships where one
or both partners have additional sexual contacts, such as part of “open relationships”, may
benefit from counseling about the availability of daily PrEP or time driven PrEP.

In our survey, engaging in frequent CAl was associated with younger age, which has been
shown in MSM previously (35). Having a higher self-perceived risk of HIV acquisition was
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also associated with frequent CAl. Factors associated with a high risk of HIV acquisition
such as use of alcohol, engaging in group sex, and engaging in sex in exchange for money
have been associated with having more frequent sex in prior studies. Being in a
monogamous relationship was also associated with frequent CAl, which correlates with
previous data indicating having a committed partner is associated with having more frequent
sex (35).

Few studies have attempted to characterize attitudes regarding intermittent versus daily
dosing regimens (36-40) with results indicating either no difference in acceptability (37,40)
or a preference for intermittent dosing (38). Our results show that those who engaged in
frequent CAI were more interested in taking daily PrEP than those who engaged in
infrequent CAl. Indeed, those MSM who are having frequent sex may benefit most from
daily PrEP regimen, as some of the advantages of intermittent PrEP compared to daily PrEP,
such as decreased pill burden and cost, are diminished by frequent PrEP use. Our results
indicate that those who engaged in unplanned CAI were more willing to use time driven
PrEP as compared to those who did not engage in unplanned CAL. It makes sense that those
respondents who do not plan sexual activity in advance would find a regimen that does not
require anticipation of sex acts more appealing. We also found that those participants who
reported engaging only in planned sex preferred an event driven regimen. These results
correspond to recently published survey results of HIV serodiscordant couples in Kenya,
which showed that participants tended to prefer less than daily dosing if sex was usually
anticipated in advance (40). These results together indicate that preferences for different
PrEP regimens seem to correlate with and may be influenced by the sexual frequency and
planning behaviors of potential PrEP users.

There are several limitations to this study. First, the survey was conducted through a popular
online sexual networking site for MSM in North America, potentially limiting the
generalizability of the results. As the survey population was >80% White with a median age
of 40, these results may not apply to other high risk MSM groups such as young minority
populations, though almost 40% of new infections among U.S. MSM occur among those
who identify as white (25). Furthermore, although the overall number of respondents who
completed surveys was high, the overall response rate was low. Other studies of MSM using
large online sampling data have experienced similar response rates (41). We are unable to
determine whether responders differed from non-responders in a significant way, thus
introducing a potential selection bias. Also, we were unable to assess whether the
monogamous respondents in our analysis were in a seroconcordant relationship, in which
case their risk of HIV acquisition would theoretically be low. An additional limitation is the
cross-sectional design, which allows for analysis of participants’ behaviors at one point in
time as opposed to longitudinally. Furthermore, while the survey was conducted online and
therefore may allow for more candid responses by reducing social desirability bias (42,43),
the data gathering relied on self-report, which is subject to recall bias.

To our knowledge, this is the largest study to report on sexual frequency and planning
behaviors and their associations with preferences for PrEP dosing schedules in a population
of North American MSM. Our results indicate that preferences for PrEP dosing regimens
seem to be informed by sexual frequency and planning behaviors. As new strategies for HIV

J Acquir Immune Defic Syndr. Author manuscript; available in PMC 2017 January 01.



1duosnue Joyiny 1duosnue Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Stack et al. Page 9

prevention continue to develop, more studies will be needed to evaluate the acceptability of
intermittent PrEP strategies among potential consumers and to help define which dosing
strategies will be optimal for which individuals.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1.

Condomless anal intercourse by day of week, total and planned
Black bars = percentage of respondents reporting CAl; Gray bars = percentage of
respondents reporting planned CAI
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Figure 2a. Willingness to use PrEP by Regimen and Sexual
Planning/Frequency
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Figure 2b. Willingness to use PrEP by Regimen and
Sexual Planning/Frequency
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Figure 2.
Figure 2a—b. “Unplanned CAI” defined as respondents who reported any unplanned CAl in

last 3 months. “Frequent CAI” defined as respondents who reported CAI more than 1x/
week. “All Sex Planned” defined as respondents who only had “planned” sex over the
previous 3 months.
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Table 3

Associations between unplanned CAll in the past 3 months and preferences for PrEP dosing

PrEP dosing Bivariate M odels Multivariable M odelsl
OR (95% ClI) P aoR (95% Cl) P
Daily PrEP 1.18(1.03t01.36) | 0.02 | 1.15(1.00t0 1.33) | 0.052

Event-driven prep2 | 0.94 (0.80t0 1.10) | 043 | 0.93(0.79t01.10) | 0.42

Time-driven Prep3 | 127 (1.10to 1.46) | 0.001 | 1.24 (1.07t01.43) | 0.004

Adjusted for age, education (college grad or above versus less than), income, sexual orientation, in a monogamous relationship, depression,
problematic alcohol use, having visited a provider in the past 12 months, and nation of residence (United States or Canada);

2Defined as having to take a pill right before sex and soon after for it to work;

3Defined as having to take a pill every Monday and Friday plus another pill soon after sex for it to work
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Table 4

Associations between frequent CAI (> 1 time/week) and preferences for PrEP dosing

PrEP dosing Bivariate Models Multivariable M odelsl
OR (95% ClI) P aoR (95% ClI) P
Daily PrEP 1.39(1.08t01.79) | 0.01 | 1.49(1.13t01.91) | 0.004

Event-driven prep2 | 0.71(0.54t00.94) | 0.02 | 0.76 (0.57t0 1.02) | 0.065

Time-driven prep3 | 0.94 (0.73t01.22) | 0.65 | 0.98(0.75t0 1.27) | 0.87

Adjusted for age, education (college grad or above versus less than), income, sexual orientation, in a monogamous relationship, depression,
problematic alcohol use, having visited a provider in the past 12 months, and nation of residence (United States or Canada);

2Defined as having to take a pill right before sex and soon after for it to work;

3Defined as having to take a pill every Monday and Friday plus another pill soon after sex for it to work
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Table 5

Association between only having “planned” sex over the past 3 months and preferences for PrEP dosing

PrEP dosing Bivariate Models Multivariable Modelsl
OR (95% ClI) P aoR (95% ClI) P
Daily PrEP 0.95(0.84t01.09) | 0.49 | 0.96 (0.83t01.11) | 0.57

Event-driven prep2 | 1.22 (1.03to1.44) | 0.02 | 1.21(1.02t01.43) | 0.03

Time-driven prep3 | 1.02(0.89t01.18) | 0.75 | 1.03(0.89t0 1.20) | 0.68

Adjusted for age, education (college grad or above versus less than), income, sexual orientation, in a monogamous relationship, depression,
problematic alcohol use, having visited a provider in the past 12 months, and nation of residence (United States or Canada);

2Defined as having to take a pill right before sex and soon after for it to work;

3Defined as having to take a pill every Monday and Friday plus another pill soon after sex for it to work
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