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Abstract

Introduction

Several clinical trials have demonstrated the efficacy of pre-exposure prophylaxis (PrEP) in

reducing HIV risk. One concern with introducing PrEP is whether users will engage in riskier

sexual behaviors.

Methods

We assessed the effect that PrEP may have on sexual risk behaviors by administering a

survey to 799 women in Bondo, Kenya, and Pretoria, South Africa. Participants were asked

about their sexual behavior intentions twice— once as if they were taking PrEP and once

as if they were not taking PrEP— within four risk situations (vignettes). They responded

using a 5-point ordinal scale. We used a series of linear mixed effects models with an un-

structured residual covariance matrix to estimate the between- and within-subject differ-

ences in the mean likelihood of engaging in risky sexual behavior across the PrEP and non-

PrEP contexts. We also calculated the total percentage of participants who reported a great-

er likelihood of engaging in risky sexual behavior if taking PrEP than if not taking PrEP,

by vignette.

Results

We found statistically significant differences in the mean likelihood of engaging in risky sex-

ual behavior with the between-subject comparison (-0.17, p < 0.01) and with the within-sub-

ject comparison (-0.31, p < 0.001). Depending on the vignette, 27% to 40% of participants
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reported a greater likelihood of engaging in risky sexual behavior if taking PrEP than if not

taking PrEP.

Conclusions

Our findings indicate that modest increases in risky sexual behavior could occur with PrEP.

Although responses from the majority of participants suggest they would not be more likely

to engage in risky sexual behavior if they took PrEP, a substantial proportion might. Pro-

grams rolling out PrEP should be prepared to assist similar women in making informed

choices about reducing their risk of HIV and about their sexual health beyond HIV

prevention.

Introduction
Several clinical trials have shown that pre-exposure prophylaxis (PrEP) with oral emtricita-
bine/tenofovir disoproxil fumarate (FTC/TDF) is efficacious at reducing the risk of HIV acqui-
sition [1–3]. In response, the U.S. Food and Drug Administration has approved the use of oral
FTC/TDF as PrEP for HIV prevention [4]; the U.S. Centers for Disease Control and Prevention
(CDC) and U.S. Public Health Service has released HIV prevention recommendations and clin-
ical practice guidelines for using PrEP [5–6]; and the most recent guidance from the World
Health Organization recommends PrEP for HIV-negative partners in HIV serodiscordant rela-
tionships and for men who have sex with men (MSM) as part of a comprehensive risk-reduc-
tion package [7].

For individuals who are unable to consistently use or negotiate the use of condoms, PrEP
may be a feasible option for reducing the risk of becoming infected with HIV. A major concern
with the introduction of PrEP, however, is the negative effect (i.e., increased risky sexual behav-
ior) PrEP could have among users who are currently practicing other HIV risk-reduction mea-
sures—a concept referred to as “risk compensation” [8,9]. Previous modeling has suggested a
sizeable reduction in new HIV infections with the inclusion of PrEP as an additional risk-re-
duction method. However, the anticipated benefit of PrEP would be diminished with the re-
duction of other risk-reduction behaviors, particularly if PrEP was partially effective [10,11].
PrEP has now been shown to be highly effective if taken regularly [2, 12, 13], yet concerns re-
garding risk compensation and HIV acquisition still remain, primarily because consistent ad-
herence to daily PrEP may be difficult for some users and because PrEP does not completely
eliminate the risk of HIV [6]. For these reasons, current guidelines recommended that provid-
ers encourage clients to use PrEP in combination with other HIV risk-reduction strategies [6].
In addition, for users who might reduce or stop the use of other HIV risk-reduction measures
when taking PrEP, factors beyond HIV prevention, specifically the prevention of pregnancy
and other sexually transmitted infections (STIs), must also be considered; FTC/TDF has been
shown to be efficacious in reducing the risk of herpes simplex virus type 2 [14] but not any
other STI.

Until recently [13,15], placebo-controlled PrEP trials have been the primary source of data
on risk compensation associated with PrEP [1,2,3,16]. Increases in sexual risk behaviors were
not reported among participants in the iPrEx [1,17], FEM-PrEP [16], TDF2 [3], and West Af-
rica TDF clinical trials [18]—or among participants in the CDC’s extended safety study of TDF
[19]. In the Partners PrEP Study, which was the first study to evaluate risk compensation
among users of PrEP with known effectiveness, rates of unprotected sex did not increase
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among the HIV-negative partners and their HIV-infected study partners after the trial transi-
tioned to an open-label study. Yet, the frequency of self-reported unprotected sex did increase
between the HIV-negative partners and their other sexual partners, although there were no in-
creases in STIs or pregnancy [15]. No risk compensation was reported among men and trans-
gender women who have sex with men in the open-label iPrEx Ole study, another study that
evaluated sexual behaviors when participants knew they were taking an efficacious PrEP prod-
uct [13].

Data regarding sexual behaviors and PrEP among women in sub-Saharan Africa who may
not know the serostatus of their partners are limited only to those data collected during clinical
trials [3,16].

Data from placebo-controlled clinical trials on risk compensation are limited in their appli-
cability outside of the clinical trial context because of the environment in which behaviors are
carried out and data are collected [20]. Participants receive either a product of unknown effec-
tiveness or a placebo. They are regularly counseled to continue using proven HIV prevention
methods because it is unknown whether the study product will provide protection against HIV
and the placebo provides no protection. Individuals’motivation to use proven risk-reduction
methods within a clinical trial might therefore differ from that outside of the clinical trial envi-
ronment, where less intense counseling is provided and the effectiveness of products is known.
No data are currently available on risk compensation among similar African women using a
known efficacious PrEP product.

For these reasons, we conducted a mixed-methods study to prepare for the rollout of PrEP
among women in communities in Kenya and South Africa. We first assessed the effect that the
availability of PrEP may have on sexual risk behaviors. We then explored motivations for re-
ducing other risk-reduction behaviors (e.g., less likely to use condoms, more likely to have sex
with a new partner) among participants whose responses suggested a greater likelihood of en-
gaging in these behaviors if they were to take PrEP. Since FTC/TDF was not approved as PrEP
at the time of the study, we chose to explore sexual behavior intentions through the use of vi-
gnettes [21], an approach previously used in HIV prevention research [22–23]. The concrete-
ness and specificity of vignettes, which are constructed to mirror real-life situations as closely
as possible, provide a distinct advantage over standard hypothetical questioning. There are nu-
merous applications of the vignette method in research [24–25], all based on presenting a con-
structed scenario (i.e., the vignette) to participants, who are asked to describe how they or the
vignette characters would respond to that scenario. This approach allows the use of an experi-
mental design in surveys dealing with judgments and decisions when an experimental design
using the actual product is not feasible or not likely to assess implicit values, beliefs, and moti-
vations [26–28].

Here we describe women’s sexual behavior intentions if taking PrEP. We describe elsewhere
the motivations women gave for reducing the use of other risk-reduction practices if they were
to take PrEP [29].

Methods

Vignette Survey Data Collection
From June to November 2012, we conducted a vignette survey with women at high risk of HIV
infection in Bondo, Kenya, and Pretoria, South Africa, to explore sexual behavior intentions if
taking PrEP and if not taking PrEP. Bondo and Pretoria were chosen as study sites because
many women in these areas were at substantial HIV risk, as demonstrated by the high inci-
dence rates of HIV reported in FEM-PrEP (4.7 and 6.0 per 100 person-years in the placebo
arm in Bondo and Pretoria, respectively) [16]. The survey was composed of four vignettes
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(Fig 1), each describing a situation that could place women at risk for HIV infection (Table 1).
The vignettes were condom use with a casual partner (Vignette 1), condom use with a regular
partner (Vignette 2), having sex with a new partner (Vignette 3), and condom use during trans-
actional sex with a new partner (Vignette 4). Vignettes 1, 2, and 4 each introduced a dilemma

Fig 1. Example vignette from the Bondo site.

doi:10.1371/journal.pone.0129177.g001
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in which the character in the story weighed two reasons for using a condom with the sexual
partner and two reasons for not using a condom. The dilemmas were identified during focus
group discussions conducted with a similar study population prior to the vignette survey (Fig
2). The same process was followed for Vignette 3, but the dilemma described the reasons for
having sex and not having sex with a new partner. Although the overall sexual risk context and
dilemmas for each vignette were the same at both sites, the details surrounding each vignette
were tailored for the specific site.

During survey data collection, each vignette was read aloud to participants (because not all
participants were literate). After hearing each vignette, participants were asked to respond to a
single question to describe their sexual behavior intentions for that situation. Participants were
asked to consider their intentions within two different contexts of PrEP use—using PrEP and
not using PrEP. Participants at each site were randomized in a 1:1 ratio to the PrEP use context
they would receive first, in order to control for possible effects of item sequence. After hearing
Vignettes 1, 2, and 4, participants assigned first to the PrEP context were asked to respond
about the likelihood of using a condom as if they were the woman in the vignette and they were
taking PrEP, using a 5-point ordinal scale of “not at all likely” to “very likely.” After hearing Vi-
gnette 3, participants assigned the PrEP context were asked about the likelihood of having sex
with the new partner as if they were the woman in the vignette and they were taking PrEP, also
using a 5-point ordinal scale. Participants assigned first to the non-PrEP context were asked
the same questions about the likelihood of using a condom or having sex with a new partner,
but they were asked to respond as if they were the woman in the vignette and they were not tak-
ing PrEP. After all four vignettes were discussed for the first context of PrEP use, the interview-
ers read a summary of each vignette and asked participants what they would do in each

Table 1. Sexual risk contexts and dilemmas in the four survey vignettes.

Vignette
#

Dilemma

Sexual Risk Context Reasons to not use a
condom

Reasons to use a condom

1 Deciding whether to use a condom with a casual
partner when having sex for the third time

She trusts partner because
they have had sex two
previous times.

She doesn’t know partner’s HIV status.

He treats her well and
continues to call.

She’s unsure if partner has other sexual partners.

2 Deciding whether to use a condom with a regular
partner after finding out about the partner’s infidelity

She still loves her partner. She doesn’t trust partner anymore.

She enjoys skin-to-skin
sex.

She doubts he used a condom with other sexual
partners.

4 Deciding whether to use a condom during transactional
sex with a new partner who is willing to pay more for
sex without a condom, when the vignette character
typically uses condoms with new customers

She needs the extra
money.

He’s a new client whom she knows little about, and
she suspects he has many partners because he
comes to a place where women exchange sex for
money.

She might not get other
clients today.

She worries he has HIV.

3 Deciding whether to have sex with a new partner Dilemma

Reasons to have sex with
new partner

Reasons not to have sex with new partner

She’s been drinking and
feeling tipsy and flirtatious.

She doesn’t know anything about him.

She wants to have sex with
him.

She suspects he has other partners.

doi:10.1371/journal.pone.0129177.t001
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Fig 2. Development of the survey vignettes.

doi:10.1371/journal.pone.0129177.g002
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vignette in the reverse context (i.e., PrEP or non-PrEP). A total of eight questions were asked in
the vignette survey.

Within each PrEP use context, the order in which the four vignettes were presented in the
survey was also randomized to balance participants across any possible order effect, rendering
24 different permutations of vignette orders for each context. Randomization envelopes includ-
ing the vignette order were drawn in sequential order as participants were enrolled in the
study. Surveys were color-coded for both context and vignette number to reduce the potential
for error. At the end of the vignette survey, participants were debriefed and informed that PrEP
was not currently available as an HIV risk-reduction method.

Immediately prior to the vignette survey, we conducted a baseline sexual behavioral ques-
tionnaire to ask participants demographic questions as well as questions about their current
sexual partnerships and sexual behaviors. We included a screening question in the sexual be-
havior questionnaire to determine whether a participant had exchanged sex for money within
the past 12 months; Vignette 4 was presented only to those women who answered yes. We also
provided the participants with brief information on PrEP, similar to the type of information
that women would likely receive during risk-reduction counseling if they were given PrEP
(Fig 3). This information was provided by a study staff member other than the one who admin-
istered the sexual behavior questionnaire and subsequent vignette survey.

Eligibility and Recruitment
To be eligible to enroll in the study, women had to 1) be 18 to 35 years of age, 2) be HIV-nega-
tive, 3) have had at least one vaginal sex act in the past two weeks or more than one sexual

Fig 3. Description of the brief information on PrEP provided to participants.

doi:10.1371/journal.pone.0129177.g003
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partner in the past six months, and 4) have not received any prior counseling on PrEP. We
partnered with local HIV testing and counseling centers to identify and recruit participants.
During the recruitment period, center staff provided an overview of the study to all women
who tested HIV-negative and referred interested women to the research staff to learn more
about the study. All women who were interested received a recruitment voucher and a sched-
uled time to visit the study facility to participate in the survey. If participants were eligible and
provided their informed consent, they were enrolled. Participants received reimbursement at
the study clinic for their time and transport, based on reimbursement amounts provided in
previous behavioral studies (approximately U.S. $3.50 in Bondo and U.S. $6.25 in Pretoria; par-
ticipants in Bondo were also reimbursed the transportation fares they incurred).

Ethics Statement
The research and informed consent process was reviewed and approved by the Ethics Review
Committee at the Kenya Medical Research Institute (Bondo), the Pharma-Ethics Review Board
(Pretoria), and the Protection of Human Subjects Committee at FHI 360 in the United States.
Participants in Bondo provided verbal informed consent. We requested that verbal consent be
obtained from participants in Bondo because the research was considered minimal risk and ver-
bal consent had been previously approved for social-behavioral research in Kenya. After verbal
consent was provided, study staff signed, dated, and listed the participant’s identification number
on an information sheet to document that consent was obtained. For participants in Pretoria,
written informed consent was required based on local ethics requirements. The same information
was provided in the verbal consent information sheet used in Bondo and in the written consent
form used in Pretoria. The signature line was the only difference between the two documents.

Statistical Analysis
We hypothesized that participants in the PrEP use context would report a greater likelihood of
engaging in risky sexual behavior than participants in the non-PrEP context. A sample size of
799 provided 90% power to detect a minimal difference of .23 in the mean likelihood score when
using data from a single vignette and a 2-sided alpha of .05. Given that our primary exposure var-
iable of interest (i.e., context of PrEP use) was available to use as a between- and within-subject
factor, testing our hypotheses about the impact of PrEP on the likelihood of engaging in risky
sexual behavior involved two qualitatively different comparisons. We therefore used a series of
linear mixed effects models with an unstructured residual covariance matrix (assumed constant
across study sites) to account for multiple observations per participant. The primary model in-
cluded fixed effects for site, context of PrEP use, and vignette. This model was used to estimate
the between- and within-subject differences in the mean likelihood of engaging in risky sexual be-
havior across the two contexts (i.e., PrEP and non-PrEP) and to examine the extent to which
these differences were moderated by vignette, randomly assigned PrEP order, and study site. We
did not include the transactional sex vignette in the analysis because it applied to only a small
subset of the population. We assigned the following values to the response options for the ques-
tion regarding condom use: 1 =”not at all likely,” 2 = “not likely,” 3 = “somewhat likely,” 4 =
“likely,” and 5 = “very likely.” Prior to the analysis, we inverted the scores about the likelihood of
having sex with a new partner (Vignette 3) so that decreasing values on the outcome measure re-
flected movement toward intentions for risker sexual behavior.

We also examined the degree to which the tendency to report riskier intentions in the PrEP
context was moderated by the following pre-specified factors: order in which the PrEP context
was presented to participants (i.e., first or second), age, marital status, education, whether a
woman reported exchanging sex for money, whether a woman reported exchanging sex for
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non-monetary goods, having sexual partners other than a primary partner, and reported con-
dom use with primary and other sex partners. When testing for moderation by condom use
with other sex partners, the analysis was restricted to those respondents who reported having
one or more other sex partners. For each potential moderating factor, we estimated a second
set of models. Each of these models began with the original model specification described
above, but also included fixed effects representing all possible two-, three- and four-way inter-
actions between each potential moderator, site, vignette, and context of PrEP use. In each case,
moderation was evaluated in separately estimated models. Evidence of which factors moderat-
ed the effect of the PrEP context was based on the type III tests from each model and included
no adjustments for multiple testing.

Our linear mixed effects model approach also allowed us to consider the manner in which
reports of risk-taking intentions from the same participants were correlated across contexts of
PrEP use and vignettes. Specifically, using the primary model, we examined correlations
(model-based) in risk intentions reported by the same participant in the non-PrEP context
across vignettes (which we refer to as “the status quo condition”) and the difference in inten-
tions across the two contexts of PrEP use and across vignettes (which we refer to as “risk com-
pensation”). Lastly, as an alternative metric for evaluating the impact of PrEP, we also
calculated the total percentage of participants who reported a greater likelihood of engaging in
risky sexual behavior if taking PrEP than if not taking PrEP, for each vignette.

Results

Demographic and Behavioral Characteristics
A total of 799 HIV-negative participants were enrolled in the vignette survey; 399 participants
were randomly assigned to the PrEP context first (Bondo, n = 200; Pretoria, n = 199) and 400
to the non-PrEP context first (Bondo, n = 200; Pretoria, n = 200). Demographic and sexual be-
havior data are described in Table 2. The mean age of participants from both Bondo and Preto-
ria was 24. Levels of education were different between participants in Bondo and those in
Pretoria. Most participants in Pretoria (n = 378; 95%) and a substantially smaller percentage in
Bondo (n = 154; 39%) had completed at least some secondary school. Among participants in
Pretoria, 251 (63%) reported being unemployed or being a housewife, and 76 (19%) reporting
being a student. Among participants in Bondo, the most common occupations were working
as a market vendor (n = 110; 28%), in agriculture (n = 52; 13%), and in the fishing industry
(n = 49; 12%); 90 participants (23%) reported being unemployed or being a housewife.

The majority of participants from both sites reported having a primary partner (Bondo,
n = 379, 95%; Pretoria, n = 389, 98%), although the types of relationships differed between
sites. In Bondo, primary partners were mostly husbands (n = 264; 70%); in Pretoria, they were
mostly boyfriends (n = 329; 85%). Sex with a primary partner was frequent at both sites, with
318 (86%) participants from Bondo and 332 (85%) from Pretoria reporting having sex two or
more times on average per week. In both Bondo and Pretoria, reporting to have never or rarely
used a condom in the past four weeks was common with primary partners (Bondo, n = 212,
56%; Pretoria, n = 178, 46%) but not with other sexual partners (Bondo, n = 18, 17%; Pretoria,
n = 7, 7%). A small percentage of women from both sites reported that they engaged in transac-
tional sex for money (Bondo, n = 74, 19%; Pretoria, n = 51, 13%).

Intentions for Risky Sexual Behavior
Using participants’ initial responses to the vignettes within their assigned context of PrEP use
(i.e., the between-subject comparison), we found a statistically significant difference in the
mean likelihood score between participants who were randomized to the PrEP context first
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Table 2. Demographic characteristics, sexual partnerships, and sexual behaviors reported by vi-
gnette survey participants.

Variable Bondo
(n = 400)

Pretoria
(n = 399)

Demographic characteristics

Age

Mean years 24 24

18–25 years, n(%) 270 (67.5) 276 (69.2)

26–35 years, n (%) 130 (32.5) 123 (30.8)

Education, n (%)

Completed primary school or less 246 (61.5) 20 (5.0)

Completed some or all of secondary school 136 (34.0) 302 (75.7)

Some post-secondary certificate, diploma, degree 18 (4.5) 76 (19.0)

Adult basic education 0 (0.0) 1 (0.3)

Marital status and co-habitation, n (%)

Not married and currently not living with partner 103 (25.8) 297 (74.4)

Not married and living with partner 6 (1.5) 87 (21.8)

Married and not living with partner 1 (.25) 1 (0.25)

Married and living with partner 263 (65.8) 13 (3.3)

Separated 11 (2.8) 0 (0.0)

Divorced 8 (2.0) 0 (0.0)

Widow n/a 1 (.25)

Has not remarried or been inherited (Bondo only) 6 (1.5) n/a

Has remarried or been inherited (Bondo only) 2 (.5) n/a

Occupation, n (%)

Market/street vendor 110 (27.5) 8 (2.0)

Fishing industry (Bondo only) 49 (12.3) n/a

Bar, tavern, cub employee 13 (3.3) 2 (0.5)

Hotel employee 5 (1.3) 1 (0.3)

Hairdresser 23 (5.8) 16 (4.0)

Agricultural work 52 (13.0) 2 (0.5)

Office work 7 (1.8) 5 (1.3)

Student 26 (6.5) 76 (19.0)

Housewife or not employed (non-student) 90 (22.5) 251 (62.9)

Other 25 (6.3) 38 (9.5)

Sexual partnerships and behaviors

Age of first sex

�15 years, n (%) 142 (35.5) 51 (12.8)

16–17 years, n (%) 130 (32.5) 178 (44.6)

�18 years, n (%) 128 (32.0) 170 (42.6)

Has a primary partner, n (%) 379 (94.8) 389 (97.5)

Relationship with primary partner, n (%) n = 378 n = 389

Husband 264 (69.8) 58 (14.9)

Boyfriend 114 (30.2) 329 (84.6)

Other 0 (0.0) 2 (0.5)

Frequency of sex with primary partner, on average per week, n (%)1

�1 50 (13.6) 57 (14.7)

2–4 times 201 (54.6) 220 (56.6)

�5 117 (31.7) 112 (28.8)

(Continued)
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and those who were randomized to the non-PrEP context first (-0.17, p< 0.01). In other
words, participants who were “taking” PrEP had a lower mean score, suggesting a greater likeli-
hood of engaging in risky sexual behavior. When we compared the mean difference in re-
sponses between the PrEP and non-PrEP use contexts for each participant (i.e., the within-
subject comparison), the estimate of PrEP’s impact on sexual risk-taking behavior nearly dou-
bled in magnitude and remained statistically significant (-0.31, p< 0.001); Table 3 lists the
mean likelihood scores by site, PrEP sequence, PrEP context, and vignette. Depending on the
vignette, 27% to 40% of participants reported a greater likelihood of engaging in risky sexual
behavior if taking PrEP than if not taking PrEP. (Table 4).

Two factors were found to moderate the impact of PrEP use on risky sexual behavior. The
first was the randomized order in which the PrEP context was presented to participants. The
estimated impact of PrEP for those participants who were assigned to the PrEP context first

Table 2. (Continued)

Variable Bondo
(n = 400)

Pretoria
(n = 399)

Frequency of condom use with primary partner, in general, n (%)

Never/rarely 212 (56.1) 178 (45.8)

Sometimes 89 (23.5) 77 (19.8)

Usually/always 77 (20.4) 134 (34.4)

Number of other male sexual partners in past month, n (%) n = 400 n = 399

0 292 (73.0) 295 (73.9)

1 43 (10.8) 55 (13.8)

2–3 44 (11.0) 42 (10.5)

4+ 21 (5.3) 7 (1.8)

Frequency of condom use with other sexual partners, in general, n
(%)

n = 108 n = 104

Never/rarely 18 (16.7) 7 (6.7)

Sometimes 18 (16.7) 23 (22.1)

Usually/always 72 (66.6) 74 (71.2)

Transactional sex in the past 12 months n = 400 n = 399

Has exchanged sex for gifts2 75 (18.7) 68 (17.0)

Has exchanged sex for money 74 (18.5) 51 (12.8)

Exchanges sex for money as the main source of income 57 (14.3) 36 (9.0)

Frequency of condom use with transactional sex partner for gifts, in
general, n (%)

n = 703 n = 664

Never/rarely 14 (20.0) 15 (22.7)

Sometimes 16 (22.9) 12 (18.2)

Usually/always 40 (57.1) 39 (59.1)

Frequency of condom use with transactional sex partner for money,
in general,5n (%)

n = 48 n = 35

Never/rarely 9 (18.8) 6 (17.1)

Sometimes 12 (25.0) 6 (17.1)

Usually/always 27 (56.2) 23 (65.7)

1Data missing from 10 participants in Bondo
2Transport, food, drink, rent, school fees, airtime
3Data missing from five participants
4Data missing from two participants
5Asked only to participants who reported exchanging sex for money in the past month

doi:10.1371/journal.pone.0129177.t002
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was -0.2 units on the ordinal scale (p< 0.05). Conversely, for participants who were asked
questions about the PrEP context second, the estimated impact was twice as large (-0.40,
p< 0.001). The second factor found to moderate the impact of PrEP was type of partner; the
four-way interaction between the type of partner, context of PrEP use, vignette, and site was
statistically significant (p = 0.04). For participants in Bondo who reported having only a prima-
ry partner, intentions to engage in risky sexual behavior if taking PrEP were highest in Vignette
3 (i.e., the new partner vignette). However, the opposite result was observed for participants
who had other current partners; intentions to engage in risky sexual behavior were the lowest
in Vignette 3. We did not observe this pattern among participants in Pretoria, where the greater
likelihood of engaging in risky sexual behavior were highest in Vignette 3, regardless of wheth-
er participants reported currently having a primary partner only or having a primary partner
plus other partners.

The correlation in the status quo risk-taking reported by the same participant across Vi-
gnettes 1 and 2 (i.e., the casual and regular partner vignettes) and without PrEP use was ρ =
.34 (Table 5). In contrast, the reported status quo risk-taking for Vignette 3 (i.e., the new part-
ner vignette) was only weakly correlated with regular partners (ρ = .09) and casual partners

Table 3. Mean likelihood scores by site, PrEP sequence, PrEP context, and vignette.

Vignette

Casual Regular New

Site PrEP Sequence PrEP Context mean (sd*) n mean (sd) n mean (sd) n

Bondo PrEP second non-PrEP 4.14 (1.18) 200 3.95 (1.23) 200 3.58 (1.42) 200

PrEP 3.68 (1.37) 200 3.62 (1.34) 200 3.1 (1.41) 200

PrEP first non-PrEP 4.03 (1.34) 200 4.27 (1.08) 200 3.81 (1.29) 200

PrEP 3.79 (1.39) 200 3.92 (1.26) 200 3.55 (1.4) 200

Pretoria PrEP second non-PrEP 3.55 (1.37) 200 3.77 (1.18) 199 3.6 (1.29) 200

PrEP 3.31 (1.29) 200 3.47 (1.28) 200 3.14 (1.3) 200

PrEP first non-PrEP 3.43 (1.32) 199 3.61 (1.26) 199 3.59 (1.26) 199

PrEP 3.36 (1.31) 199 3.63 (1.17) 199 3.31 (1.3) 199

*Abbreviation: sd = standard deviation

doi:10.1371/journal.pone.0129177.t003

Table 4. Percentage of participants by vignette who reported a greater likelihood of engaging in risky
sexual behavior in the PrEP context.1

Vignette Bondo Pretoria

n/N (%) n/N (%)

Casual sexual partner 120/400 (30) 121/399 (30)

Regular sexual partner2 135/400 (34) 108/398 (27)

New sexual partner 132/400 (33) 145/399 (36)

Sexual work partner3 29/73 (40) 14/50 (28)

1The responses among the remaining participants were either the same between the PrEP and non-PrEP

contexts or showed that risk-taking behavior was lower in the PrEP context compared with the non-PrEP

context. The percentage of participants who reported increased safer behaviors if taking PrEP was 13% to

22%.
2Data missing from one participant
3Data missing from two participants

doi:10.1371/journal.pone.0129177.t004
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(ρ = .01). In the case of risk compensation, a similar though less pronounced pattern of results
was obtained. Participants whose responses suggested they will engage in riskier sexual behav-
iors with casual partners if taking PrEP were slightly more likely to also engage in risker sexual
behaviors with their regular partners (ρ = .26) when taking PrEP. However, the pair of correla-
tions involving the new partner vignette were both close to zero for regular partners (ρ = .02)
and casual partners (ρ = .03).

Discussion
Our overall survey findings indicate that increases in risky sexual behavior could occur with
PrEP rollout. However, the differences we observed in the likelihood of engaging in risky sexual
behavior across the two PrEP contexts were quite modest; the largest estimated effect was less
than a half-point decrease on a 5-point ordinal scale. Although the responses given by the ma-
jority of participants for each vignette suggest that they would not engage in risky sexual behav-
ior if they were to take PrEP—which is similar to the findings on risk compensation from
placebo-controlled clinical trials and open-label studies on PrEP [1, 3, 13, 15–19]—a substan-
tial proportion might. These findings highlight the need to prepare for the possibility that some
women might change their sexual behaviors when using PrEP. For women who adhere daily to
PrEP, their risk of HIV acquisition will be significantly reduced. Thus, the behaviors described
here may not be as risky with respect to HIV prevention (although U.S. guidelines promote the
use of PrEP and condoms for the most protection against HIV [6]). However, consideration
must be given to the prevention of several other STIs and pregnancy, particularly if condoms
are discontinued in lieu of PrEP. Moreover, the importance of daily adherence and persistence
with PrEP must be emphasized.

We found little evidence overall that increases in risky sexual behavior would be more likely
to happen in certain risk situations or based on participants’ demographic information or re-
ported sexual behaviors. The low within-subject correlations we observed suggest that although
women might have a general intention to increase risky sexual behavior if taking PrEP, differ-
ent women may increase their risk-taking behavior in one risk situation but not in another. For
example, the subset of participants who reported a greater likelihood of engaging in risky sexu-
al behavior in response to taking PrEP in one vignette (e.g., not using a condom with a regular
partner) were often not the same women who would do so in another vignette (e.g., not using a
condom with a casual partner) and vice versa. Similarly, knowing a participant’s reported like-
lihood of using condoms with regular and casual partners if taking PrEP says very little about
their intentions for having sex with a new partner if taking PrEP. Not surprisingly, these find-
ings suggest that women perceive their risk situations differently and may act according to
their own examination of risks and benefits. The findings from Bondo also suggest that for
some women who have only a primary partner, PrEP may provide a sense of protection against
HIV that could increase their comfort with engaging in sex with new partners.

Table 5. Within-subject correlations from linear mixed effects model.

Response under non-PrEP context (status quo
condition)

Difference between PrEP use contexts (risk
compensation)

Vignette Vignette

Vignette Casual Regular New Casual Regular New

Casual 1 1

Regular 0.34 1 0.26 1

New 0.01 0.09 1 0.03 0.02 1

doi:10.1371/journal.pone.0129177.t005
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Our study has several limitations. First, although the vignette survey approach provides an
advantage over standard hypothetical questioning, self-reports of hypothetical rather than ac-
tual behavior (i.e., taking PrEP) still have their limitations. For example, it is possible that not
all of the women in the study personally related to all the vignettes presented in the survey. Sec-
ond, participants may have given socially desirable responses and over-reported their inten-
tions to use condoms in either context of PrEP use, particularly given the information that was
provided about PrEP at the beginning of the study and the recommendation that individuals
continue to use other HIV risk-reduction measures, such as condoms, when using PrEP. Al-
though this information may have created socially desirable responses among some, such in-
formation was necessary as it mimics information that would likely be presented to women
during PrEP counseling in the future. Conversely, because this study was not associated with a
PrEP trial or demonstration project, participants may have been less inclined to report that
their current HIV risk-reduction practices would not change if they were taking PrEP. Third,
in the within-subject analysis, the detection of an effect of the order in which participants were
assigned to the PrEP or non-PrEP context introduces some uncertainty about the degree to
which the availability of PrEP may affect sexual risk-taking behaviors. The pronounced order
effect may have occurred because participants’ initial responses were generally high on the or-
dinal scale (i.e., the mean was close to 4 on a 5-point scale); the high responses could have been
because of a general inclination to provide socially desirable responses (i.e., engage in less risky
behaviors). For participants who were assigned the PrEP context first, their subsequent answers
to the non-PrEP context were typically upward on the ordinal scale (i.e., toward safer sex be-
havior); for participants receiving the non-PrEP context first, their subsequent answers to the
PrEP context were typically lower on the ordinal scale (i.e., toward more risky sexual behavior).
Because the mean response in the first context was closer to the ceiling of the ordinal scale, par-
ticipants who were adjusting downward had further to go and therefore tended to report the
largest changes in risk-taking behavior. However, regardless of the comparison used (i.e., be-
tween- or within-subject), the impact of PrEP on the use of risk-reduction practices was consis-
tent in its direction and was statistically significant in both analyses. Lastly, a small percentage
of women reported that they exchanged sex for money; hence, we were not able to include
their responses to Vignette 4 in the overall model due to the small sample size.

Risk compensation can be truly assessed only when PrEP is provided and used as part of a
woman’s comprehensive HIV risk-reduction strategy. Multiple demonstration projects are
now being planned or are under way globally [30] to assess whether individuals are interested
in using and adhering to daily PrEP and whether current HIV risk-reduction behaviors will
change as a result of initiating and taking PrEP. These studies are likely adequately powered to
detect small changes in sexual risk-taking behavior and assess the overall impact of these
changes on women’s overall sexual health.

In conclusion, HIV prevention programs that will eventually roll out PrEP to women should
be prepared to address the potential that some women who use PrEP will reduce or not use
other HIV risk-reduction measures. Findings from follow-up qualitative interviews with survey
participants whose responses suggested they had a greater likelihood of engaging in risky sexual
behavior if they start taking PrEP describe the reasons that they and other women in their com-
munities may stop their current HIV risk-reduction practices if using PrEP [29]. Together
these data can inform future risk-reduction guidance for women using PrEP, to assist them in
making informed choices about reducing their risk of HIV acquisition and about their overall
sexual health beyond HIV prevention [31].
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