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Background.  Human immunodeficiency virus (HIV) pre-exposure prophylaxis (PrEP) is effective in reducing HIV risk in men 
who have sex with men (MSM). However, concerns remain that risk compensation in PrEP users may lead to decreased condom use 
and increased incidence of sexually transmitted infections (STIs). We assessed the impact of PrEP on sexual risk outcomes in MSM.

Methods.  We conducted a systematic review of open-label studies published to August 2017 that reported sexual risk outcomes 
in the context of daily oral PrEP use in HIV-negative MSM and transgender women. Pooled effect estimates were calculated using 
random-effects meta-analysis, and a qualitative review and risk of bias assessment were performed.

Results.  Sixteen observational studies and 1 open-label trial met selection criteria. Eight studies with a total of 4388 participants 
reported STI prevalence, and 13 studies with a total of 5008 participants reported change in condom use. Pre-exposure prophylaxis 
use was associated with a significant increase in rectal chlamydia (odds ratio [OR], 1.59; 95% confidence interval [CI], 1.19–2.13) 
and an increase in any STI diagnosis (OR, 1.24; 95% CI, .99–1.54). The association of PrEP use with STI diagnoses was stronger in 
later studies. Most studies showed evidence of an increase in condomless sex among PrEP users.

Conclusion.  Findings highlight the importance of efforts to minimize STIs among PrEP users and their sexual partners. 
Monitoring of risk compensation among MSM in the context of PrEP scale-up is needed to assess the impact of PrEP on the sexual 
health of MSM and to inform preventive strategies.

Keywords.  human immunodeficiency virus; pre-exposure prophylaxis; risk compensation; sexual behavior; sexually transmit-
ted infections.

Ambitious human immunodeficiency virus (HIV) elimination 
targets set by the Joint United Nations Programme on HIV/
AIDS (UNAIDS) focus on HIV testing and treatment scale-up 
and viral suppression among people living with HIV, as well as 
scale-up of primary prevention strategies in high-risk groups 
[1]. To date, such prevention strategies have focused mostly on 
expanded access to risk reduction counseling, condoms, and 
needle and syringe exchange programs [2, 3]. More recently, 
the success of pre-exposure prophylaxis (PrEP)—daily drug 
regimens of tenofovir disoproxil fumurate (TDF) and emtric-
itabine (FTC)—in reducing HIV acquisition in trials among 

men who have sex with men (MSM) [4, 5], heterosexual cou-
ples [6], and people who inject drugs (PWID) [7] has led to 
recommendations for expanded access to PrEP as an add-
itional prevention choice for people at risk of HIV [8]. More 
than 100 000 people were accessing PrEP at the end of 2016, 
most of them MSM in middle- to high-income countries; how-
ever, UNAIDS estimates that 3 million people worldwide are 
eligible for PrEP [9].

Compelling research findings on the efficacy and effective-
ness of PrEP in reducing HIV acquisition risk have led to reg-
ulatory approval of the use of TDF/FTC for PrEP in countries 
such as the United States, Australia, and the United Kingdom 
[10, 11], with the focus of research now shifting toward PrEP 
demonstration projects. There are >50 such projects currently 
ongoing, planned, or completed internationally [12]. A  key 
aim of demonstration projects is to provide evidence to inform 
policy and practice around PrEP, including examination of 
cost-effectiveness and recommendations for public subsidi-
zation. Demonstration projects also aim to address common 
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uncertainties around widespread PrEP implementation, includ-
ing concerns over long-term toxicity, adherence, drug resist-
ance, and behavioral change [13].

Measuring changes in sexual behavior after commenc-
ing PrEP is a focus of many demonstration projects in light 
of concerns that PrEP may result in shifts toward more risky 
sexual behaviors—“risk compensation” [14]. Men who have 
sex with men accessing PrEP may compensate for the protec-
tion afforded against HIV by having more condomless sex or 
increasing their number of condomless sex partners. Concern 
arises from the impact decreased condom use may have on sex-
ually transmitted infection (STI) epidemiology or HIV trans-
missions when PrEP regimens are not adhered to. There are 
also concerns that the HIV prevention benefits of PrEP could 
be counteracted by a decline in the overall acceptability of 
condoms across populations at risk of HIV due to increased 
PrEP use [15]. Risk compensation has been explored previ-
ously among MSM in the context of other HIV biomedical 
prevention measures, such as non-occupational post-expo-
sure prophylaxis and serodiscordant sex in the context of HIV 
treatment-derived viral suppression (treatment as prevention); 
however, no evidence for increased risk-taking behavior was 
found [16, 17].

Although a recent review of PrEP studies found no evi-
dence of risk compensation among PrEP users [18], this 
review consisted mainly of blinded trials, which do not offer 
realistic insights into risk compensation because partici-
pants were blinded to whether they were receiving PrEP or 
placebo drugs. In the context of a rapidly growing number 
of demonstration projects occurring in real-world settings, 
we aimed to conduct a systematic review and meta-analysis 
and update the current body of evidence on PrEP use among 
MSM and its impact on STI diagnosis and sexual risk behav-
ior outcomes.

METHODS

The systematic review and meta-analysis was conducted in 
accordance with the PRISMA guidelines for reporting systematic 
reviews [19]. The review protocol was registered prospectively 
(PROSPERO registration number 2017: CRD42017059674).

Eligibility Criteria

We included studies of HIV-negative MSM and transgender 
women (TGW) taking PrEP to reduce their risk of HIV infec-
tion and restricted the review to studies prescribing once-daily 
oral PrEP. We included longitudinal observational studies, 
open-label clinical trials, and nonblinded randomized con-
trolled trials (RCTs); blinded studies were excluded to ensure 
measured outcomes were the result of the effects of perceived 
HIV protection offered by PrEP. Outcomes were compared over 
time between participants taking PrEP and participants not 

taking PrEP or changes were analyzed longitudinally in PrEP 
users. The following outcomes were included as measures of 
risk compensation:

1.	Diagnoses of newly acquired bacterial STIs, including chla-
mydia, gonorrhea, and early syphilis infection, measured at 
baseline and follow-up visit;

2.	Proportion of participants self-reporting condomless anal 
sexual intercourse, defined as any condomless anal sex or 
inconsistent condom use;

3.	Number of self-reported condomless anal sex partners, 
defined as the number of condomless anal sex partners where 
the participant was the receptive or insertive partner; and

4.	Number of self-reported anal sex partners regardless of con-
dom use.

All outcomes were compared from baseline to time of long-
est follow-up. Studies were excluded if they measured beliefs 
about PrEP use rather than actual PrEP use. Studies were also 
excluded if they reported predicted future behavior rather than 
actual change in behavior.

Search Strategy

We conducted a search up to 15 August 2017 of three online 
databases: Medline and EMBASE, both using Ovid, and Web of 
Science. Search strings included medical subject headings and 
free text relating to the following (see Appendix 1 for full search 
strings):

1.	HIV;
2.	MSM (men who have sex with men, gay and bisexual men);
3.	Pre-exposure prophylaxis (PrEP, Truvada, tenofovir, TDF, 

emtricitabine);
4.	Sexual risk (condom use, unsafe sex, unprotected sex, sexual 

partners, risk compensation, risk behavior); and
5.	STIs (sexually transmitted infections, chlamydia, gonorrhea, 

syphilis)

No restrictions were made on language or date of publication. 
Reference lists of all relevant studies, as well as abstracts from 
the International AIDS Society Conference, International 
AIDS Conference, and annual Conference on Retroviruses 
and Opportunistic Infections over the past 5  years, were 
searched manually. Results were collated and titles and 
abstracts screened independently by 2 reviewers for relevance 
against the predefined eligibility criteria. For studies that 
reported at least 1 outcome of interest in the abstract, full texts 
were obtained and assessed to confirm eligibility. In instances 
of multiple publications reporting data from the same cohort, 
the most recent period of study for the relevant outcome(s) 
was included.
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Risk of Bias Assessment

Quality and risk of bias assessment were conducted on included 
studies using aspects of the Cochrane Risk of Bias Tool [20] 
for randomized trials and the Newcastle-Ottawa Scale [21] for 
nonrandomized trials and observational studies. We assessed 
the methodological quality according to participant selection 
and control of confounding, and we assessed publication bias 
by constructing a funnel plot [22].

Data Extraction

Data were extracted and assessed independently by 2 reviewers 
using a standardized form to collate the following study charac-
teristics and outcomes: (1) study design and comparison used; 
(2) location and date of study; (3) sample size; (4) length of fol-
low-up; (5) participant demographics (including the proportion 
classified as MSM or TGW, age, ethnicity); (6) outcome meas-
ures (including specific definitions of each outcome reported); 
and (7) main findings. Any disagreements were resolved by 
consensus, and study authors were contacted via email to obtain 
missing data or further information where needed.

Statistical Analysis

Due to high clinical heterogeneity between measures of sexual 
behavior across studies, a meta-analysis was not feasible for 
prevalence of condomless sex, number of condomless part-
ners, or number of sexual partners and was only conducted for 
change in STI diagnoses. As such, we conducted a qualitative 
synthesis of the sexual behavior outcomes without a meta-ana-
lytical synthesis.

Effect sizes for STI outcomes were calculated using odds ratios 
(ORs) with 95% confidence intervals (CIs) by categorizing par-
ticipants into binary variables for exposure (PrEP or no-PrEP) 
and outcome (STI diagnosis). Odds ratios measured change in 
STI positivity rather than STI incidence to maintain consist-
ent metrics across studies and ensure the maximum number of 
studies were included in the data synthesis. Where odds ratios 
and confidence intervals were not included in published stud-
ies, they were calculated from prevalence data reported in man-
uscripts or provided by authors. Random effects meta-analyses 
were conducted to calculate within-study pooled estimates for 
specific STI outcomes where available data were disaggregated 
across infection type or anatomical site and also to calculate 
across-study pooled estimates. Pooling of STI outcomes within 
studies was considered appropriate on the basis of high levels 
of multiple STI infections among participants [23]. Statistical 
heterogeneity among studies was assessed by calculating an I2 
and χ2 statistic, with a χ2 significance level of 0.10 and I2 > 50% 
considered moderate or high levels of heterogeneity [24].

Subgroup analyses were performed to identify causes of het-
erogeneity among studies by stratifying studies by date of final 
data collection, sample size, location, participant demographics, 
and length of follow-up. Median values for study date, sample 

size, and length of follow-up were chosen as cut-offs to distrib-
ute studies evenly among subgroups. A sensitivity analysis was 
performed to assess robustness of findings. All statistical analy-
ses were performed using Stata software (Version 14.1 for Mac; 
StataCorp, College Station, Texas).

RESULTS

Included Studies

Six hundred ninety-six citations were found and 36 full texts 
reviewed; 17 studies [25–41] published from 2014 to 2017 met 
inclusion criteria and were included in the review (search results 
are shown in Figure 1). Included studies were from 8 journal 
articles and 9 conference proceedings: 1 study was an RCT 
where participants were randomized to immediate or delayed 
PrEP; 1 was a nonrandomized open-label extension of a dou-
ble-blind clinical trial; and 15 were longitudinal cohort studies 
(Table 1). Eleven studies were conducted in the United States, 
and all but 2 studies were undertaken in high-income coun-
tries. A total of 6671 (median, 268; range, 50–1603) participants 
were included, and length of follow-up ranged 3–18  months 
(median, 6 months). Age distribution was similar across stud-
ies, with a mean age of 34 years (range, 18–70 years). Although 
there was a possible sample overlap of 2 studies [34, 40], these 
studies reported different outcomes, which allowed both to be 
included in the qualitative review, but only 1 publication was 
included in the data synthesis. Reasons for exclusion included 
mixed populations where data were not disaggregated by MSM 
status, perceived change in risk behavior outcomes, blinding of 
participants, and no comparison period of the nonintervention 
group (see Supplementary Table 1 for list of excluded studies).

Sexually Transmitted Infections

Eight studies that included a total of 4388 participants reported 
STI positivity at baseline and follow-up visits and were included 
in the meta-analysis. The pooled odds ratio for any STI diagno-
sis was 1.24 (95% CI, .99–1.54; P = .059) (Figure 2). Statistical 
heterogeneity across studies was moderate (I2  =  50%; χ2, 
P  =  .052). Pre-exposure prophylaxis use was associated with 
significantly increased odds of any rectal STI diagnosis (OR, 
1.39; 95% CI, 1.03–1.87; P = .03) and rectal chlamydia diagnosis 
(OR, 1.59; 95% CI, 1.19–2.13; P =  .002). Pre-exposure proph-
ylaxis use was also associated with statistically nonsignificant 
increases in syphilis (OR, 1.12; 95% CI, .86–1.47; P = .41), chla-
mydia (OR, 1.23; 95% CI, 1.00–1.51; P = .051), and gonorrhea 
(OR, 1.13; 95% CI, .78–1.64; P = .515) infection from any ana-
tomical site (Table 2).

Date of study influenced the association between PrEP 
use and STI diagnosis, with studies whose final data col-
lection was from 2016 onward giving a pooled odds ratio 
of 1.47 (95% CI, 1.05–2.05; P  =  .02) for any STI diagno-
sis. Heterogeneity remained moderate (I2  =  47%) for these 
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studies. The likelihood of increased STI diagnoses was not 
affected by study sample size, and participant demograph-
ics were similar across all studies in the meta-analysis. 
Sensitivity analysis showed omission of any 1 study from the 
meta-analysis had little effect on the overall pooled estimate 
(see Supplementary Figure 1).

Sexual Behavior

Thirteen studies that included 5008 participants measured 
change in self-reported sexual behavior in response to PrEP. 
Table  3 shows a summary of findings from included studies. 
Measures of risk compensation reflected our included out-
comes—proportion of participants reporting any condomless 
sex and number of condomless anal sex partners. However, 
other indicators of risk compensation were common. Studies 
also examined the change in HIV-seropositive or HIV-unknown 
partners, and most measured differences in outcomes for inser-
tive or receptive anal intercourse. Some subgroup analyses were 
performed within studies, with differences in risk compensa-
tion noted in a few subgroups.

None of the studies found a significant increase in the pro-
portion of MSM reporting any condomless sex from baseline 
to follow-up. However, across studies there was evidence of 
an increased proportion of participants reporting condomless 
receptive anal sex with ≥10 partners [35], condomless sex with 
an HIV-positive or HIV-unknown partner [36, 41], and never 
using condoms during anal sex [37]. Only 1 study reported 
a significant decrease in the proportion reporting condom-
less receptive sex over time; however, this study was the first 
open-label PrEP study, and findings may reflect the effective-
ness of safe-sex counseling prior to later PrEP normalization. 

There was also no difference in change in condom use between 
PrEP and non-PrEP arms in this study [29]. Longitudinal 
modeling adjusting for age and ethnicity found an increase 
in the mean number of condomless anal sex partners among 
MSM in a US cohort from baseline to 6 months but no change 
in total number of partners, suggesting a decrease in condom 
use over time [38]. An Australian demonstration project found 
a decrease in frequency of condom use with regular and casual 
partners over 1  year of follow-up among cohort participants 
[32]. Two studies reported decreased condom use among 25%–
41% of study participants [39, 40]. Four studies reported the 
mean number of anal sex partners regardless of condom use 
[29, 33, 35, 38], with none finding a significant increase due 
to PrEP use. One study found 11% of participants reported an 
increased number of total partners from baseline to 6 months 
[40]. No studies reported a difference in outcomes for TGW 
compared with MSM.

Quality Assessment

Levels of bias were classified as moderate across studies (see 
Supplementary Tables  2 and 3 for risk of bias assessment). 
Participation bias was likely due to specific participant eligibil-
ity criteria in most studies; cohorts were not necessarily repre-
sentative of the general MSM population. All studies were at 
risk of reporting bias because sexual behavior outcomes relied 
on self-reporting. Participant retention was mixed but relatively 
high overall; 13 of 17 studies had retention >75% (retention 
>90% in 8 studies) at final follow-up. The 1 RCT adjusted for 
disproportionate frequency of STI screening between groups 
[35]. A  funnel plot indicated no evidence of publication bias 
(Supplementary Figure 2).

Figure 1.  Schematic diagram of search results and screening process.
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Table 2.  Effect of Pre-exposure Prophylaxis Versus No Pre-exposure Prophylaxis on Sexually Transmitted Infection Diagnoses in Men Who Have Sex 
with Men

Variable No. of Studies Odds Ratio (95% CI) P Value Heterogeneity χ2 test (I2)

Overall 8 1.24 (.99–1.54) .06 0.052 (50%)

Comparison

  Control group 2 1.15 (.88–1.49) .31 0.430 (0%)

  Before PrEP 6 1.27 (.93–1.74) .14 0.025 (61%)

    Follow-up ≥ 12 mo 3 1.45 (.91–2.30) .12 0.007 (80%)

    Follow-up < 12 mo 3 1.08 (.72–1.61) .72 0.349 (5%)

Sample size

  <300 4 1.34 (.73–2.44) .35 0.055 (61%)

  >300 4 1.20 (.96–1.50) .12 0.102 (52%)

Date of last follow-up

  Before 2016 4 1.05 (.86–1.27) .66 0.452 (0%)

  From 2016 4 1.47 (1.05–2.05) .02 0.128 (47%)

Location

  US 5 1.16 (.88–1.53) .30 0.097 (49%)

  Non-US 3 1.47 (.90–2.42) .13 0.048 (67%)

Outcome assessment

  Infectiona

    Syphilis 6 1.12 (.86–1.47) .41 0.602 (0%)

    Chlamydiaa 5 1.23 (1.00–1.51) .051 0.701 (0%)

      Rectal 4 1.59 (1.19–2.13) .002 0.272 (23%)

      Urethral 3 0.96 (.61–1.51) .86 0.890 (0%)

      Pharyngeal 2 0.93 (.53–1.62) .80 0.354 (0%)

    Gonorrheaa 5 1.13 (.78–1.64) .52 0.004 (74%)

      Rectal 4 1.21 (.78–1.88) .40 0.174 (40%)

      Urethral 3 1.61 (.45–5.78) .47 0.030 (72%)

      Pharyngeal 3 1.20 (.88–1.64) .26 0.327 (11%)

  Sitea

      Rectal 6 1.39 (1.03–1.87) .03 0.012 (66%)

      Urethral 5 1.11 (.64–1.92) .71 0.316 (15%)

      Pharyngeal 3 1.13 (.79–1.60) .51 0.227 (33%)

Abbreviations: CI, confidence interval; PrEP, pre-exposure prophylaxis.
aThe total number of studies in these subgroup comparisons is greater than the total (n = 8) because some studies reported multiple sexually transmitted infection outcomes.

Figure 2.  Random effects meta-analysis of effects of pre-exposure prophylaxis on sexually transmitted infection diagnosis. Abbreviations: CI, confidence interval; STI, 
sexually transmitted infection.

Downloaded from https://academic.oup.com/cid/advance-article-abstract/doi/10.1093/cid/ciy182/4917600
by University of Washington user
on 09 June 2018



  •  CID  2018:XX  (XX XXXX)  •  7HIV Pre-exposure Prophylaxis and Risk Compensation

Ta
bl

e 
3.

 
Su

m
m

ar
y 

of
 F

in
di

ng
s 

fo
r C

ha
ng

e 
in

 S
el

f-
Re

po
rt

ed
 S

ex
ua

l B
eh

av
io

r a
nd

 S
ex

ua
lly

 T
ra

ns
m

itt
ed

 In
fe

ct
io

ns
 in

 M
en

 W
ho

 H
av

e 
Se

x 
w

ith
 M

en
 U

si
ng

 P
re

-e
xp

os
ur

e 
Pr

op
hy

la
xi

s

S
tu

dy
Pr

oj
ec

t/
C

lin
ic

S
ex

ua
l B

eh
av

io
r

S
ex

ua
lly

 Tr
an

sm
itt

ed
 In

fe
ct

io
ns

B
ey

m
er

 e
t 

al
 2

01
7 

[2
5]

LA
 L

G
B

T 
C

en
tr

e
…

• 
S

ig
ni

fic
an

t 
w

ith
in

-p
ar

tic
ip

an
t 

in
cr

ea
se

 in
 s

yp
hi

lis
 (P

 =
 .0

1)
 a

nd
 r

ec
ta

l c
hl

am
yd

ia
 

(P
 =

 .0
2)

 b
et

w
ee

n 
pe

rio
ds

 1
 y

ea
r 

be
fo

re
 a

nd
 1

 y
ea

r 
af

te
r 

in
iti

at
in

g 
Pr

E
P

• 
S

ig
ni

fic
an

t 
de

cr
ea

se
 in

 S
TI

s 
ov

er
al

l b
et

w
ee

n 
sa

m
e 

pe
rio

ds
 (P

 =
 .0

04
)

• 
N

o 
si

gn
ifi

ca
nt

 d
iff

er
en

ce
 b

et
w

ee
n 

sa
m

e 
pe

rio
ds

 in
 u

re
th

ra
l g

on
or

rh
ea

 (P
 =

 .7
7)

, 
re

ct
al

 g
on

or
rh

ea
 (P

 =
 .6

3)
, p

ha
ry

ng
ea

l g
on

or
rh

ea
 (P

 =
 .4

8)
, o

r 
ur

et
hr

al
 c

hl
am

yd
ia

 
(P

 =
 .6

2)

C
ol

by
 e

t 
al

 2
01

6 
[2

6]
Pr

E
P

 3
0

• 
N

on
si

gn
ifi

ca
nt

 d
ec

re
as

e 
in

 p
ro

po
rt

io
n 

re
po

rt
in

g 
an

y 
C

LA
I f

ro
m

 b
as

el
in

e 
(5

4.
3%

) t
o 

6 
m

on
th

s 
(5

0%
) (
P 

=
 .2

0)
…

C
or

al
es

 e
t 

al
 2

01
5 

[2
7]

Tr
ill

iu
m

 H
ea

lth
• 

D
ec

re
as

e 
in

 m
ea

n 
nu

m
be

r 
of

 s
ex

ua
l p

ar
tn

er
s 

in
 p

re
vi

ou
s 

3 
m

on
th

s 
fr

om
 

ba
se

lin
e 

(4
.1

) t
o 

6 
m

on
th

s 
(3

.3
)a

• 
N

on
si

gn
ifi

ca
nt

 d
ec

re
as

e 
in

 p
ro

po
rt

io
n 

re
po

rt
in

g 
an

y 
ST

I i
n 

th
e 

pr
ev

io
us

 
6 

m
on

th
s 

fr
om

 b
as

el
in

e 
(7

.4
%

) t
o 

6 
m

on
th

s 
(3

.0
%

) (
P 

=
 .0

8)

E
ls

es
se

r 
et

 a
l 2

01
5 

[2
8]

Fe
nw

ay
 H

ea
lth

• 
N

on
si

gn
ifi

ca
nt

 in
cr

ea
se

 in
 m

ea
n 

nu
m

be
r 

of
 C

LA
I a

ct
s 

in
 p

re
vi

ou
s 

3 
m

on
th

s 
fr

om
 b

as
el

in
e 

(1
3.

6)
 t

o 
6 

m
on

th
s 

(1
8.

6)
 (P

 =
 .1

7)
• 

N
on

si
gn

ifi
ca

nt
 in

cr
ea

se
 in

 p
ro

po
rt

io
n 

of
 s

ex
 a

ct
s 

in
 p

re
vi

ou
s 

3 
m

on
th

s 
w

hi
ch

 
w

er
e 

co
nd

om
le

ss
 f

ro
m

 b
as

el
in

e 
(6

7.
4%

) t
o 

6 
m

on
th

s 
(6

9.
4%

) (
P 

=
 .7

1)
• 

N
on

si
gn

ifi
ca

nt
 in

cr
ea

se
 in

 t
ot

al
 n

um
be

r 
of

 s
ex

 a
ct

s 
in

 p
re

vi
ou

s 
3 

m
on

th
s 

fr
om

 b
as

el
in

e 
(2

0.
3)

 t
o 

6 
m

on
th

s 
(2

4.
2)

 (P
 =

 .3
0)

…

G
ra

nt
 e

t 
al

 2
01

4 
[2

9]
iP

rE
X

 O
LE

• 
S

ig
ni

fic
an

t 
de

cr
ea

se
 in

 p
ro

po
rt

io
n 

re
po

rt
in

g 
C

R
A

I f
ro

m
 b

as
el

in
e 

(3
4%

) t
o 

w
ee

k 
72

 (2
5%

) i
n 

Pr
E

P
 a

rm
 (P

 =
 .0

06
) a

nd
 f

ro
m

 b
as

el
in

e 
(2

7%
) t

o 
w

ee
k 

72
 

(2
0%

) i
n 

no
n-

Pr
E

P
 a

rm
 (P

 =
 .0

3)
• 

N
o 

si
gn

ifi
ca

nt
 d

iff
er

en
ce

 b
et

w
ee

n 
Pr

E
P

 a
nd

 n
on

-P
rE

P
 a

rm
s 

in
 t

he
 d

ec
re

as
e 

of
 p

ro
po

rt
io

n 
re

po
rt

in
g 

an
y 

C
R

A
I (
P 

=
 .9

5)
, C

IA
I (
P 

=
 .5

6)
, o

r 
nu

m
be

r 
of

 s
ex

 
pa

rt
ne

rs
 (P

 =
 .6

4)

• 
N

on
si

gn
ifi

ca
nt

ly
 h

ig
he

r 
sy

ph
ili

s 
in

ci
de

nc
e 

in
 P

rE
P

 a
rm

 (7
.2

/1
00

 p
er

so
n-

ye
ar

s)
 

co
m

pa
re

d 
w

ith
 n

on
-P

rE
P

 a
rm

 (5
.4

/1
00

 p
er

so
n-

ye
ar

s)
 (H

R
, 1

.3
5,

 9
5%

 
C

I, 
.8

3–
2.

19
)

G
ul

ob
 e

t 
al

 2
01

6 
[3

0]
S

PA
R

K
…

• 
In

cr
ea

se
 in

 S
TI

 p
os

iti
vi

ty
 f

ro
m

 b
as

el
in

e 
(1

1%
) t

o 
6 

m
on

th
s 

(2
1%

) f
ol

lo
w

ed
 b

y 
de

cr
ea

se
 t

o 
12

 m
on

th
s 

(1
3%

)a

• 
In

cr
ea

se
 in

 r
ec

ta
l S

TI
 p

os
iti

vi
ty

 f
ro

m
 b

as
el

in
e 

(9
%

) t
o 

6 
m

on
th

s 
(1

4%
) f

ol
lo

w
ed

 
by

 d
ec

re
as

e 
to

 1
2 

m
on

th
s 

(1
0%

)a

H
os

ek
 e

t 
al

 2
01

7 
[3

1]
Pr

oj
ec

t 
Pr

E
Pa

re
 2

...
• 

D
ec

re
as

e 
in

 in
ci

de
nc

e 
of

 a
ny

 S
TI

 f
ro

m
 fi

rs
t 

24
-w

ee
k 

pe
rio

d 
of

 fo
llo

w
-u

p 
(7

6.
5/

10
0 

pe
rs

on
-y

ea
rs

) t
o 

se
co

nd
 2

4-
w

ee
k 

pe
rio

d 
of

 fo
llo

w
-u

p 
(6

1.
0/

10
0 

pe
rs

on
-y

ea
rs

)a

La
l e

t 
al

 2
01

7 
[3

2]
V

ic
Pr

E
P

• 
S

ig
ni

fic
an

t 
de

cr
ea

se
 in

 m
ea

n 
Li

ke
rt

 s
co

re
 o

f 
co

nd
om

 u
se

 w
ith

 r
eg

ul
ar

 p
ar

t-
ne

rs
 in

 t
he

 p
re

vi
ou

s 
3 

m
on

th
s 

(1
–n

ev
er

, 2
–s

om
et

im
es

, 3
–h

al
f 

th
e 

tim
e,

 4
–

m
os

t 
of

 t
he

 t
im

e,
 5

–a
lw

ay
s)

 f
ro

m
 b

as
el

in
e 

(2
.0

) t
o 

12
 m

on
th

s 
(1

.5
)

• 
S

ig
ni

fic
an

t 
de

cr
ea

se
 in

 m
ea

n 
Li

ke
rt

 s
co

re
 o

f 
co

nd
om

 u
se

 w
ith

 c
as

ua
l p

ar
t-

ne
rs

 in
 t

he
 p

re
vi

ou
s 

3 
m

on
th

s 
fr

om
 b

as
el

in
e 

(3
.1

) t
o 

12
 m

on
th

s 
(2

.4
)

• 
S

ig
ni

fic
an

t 
in

cr
ea

se
 in

 S
TI

 p
os

iti
vi

ty
 f

ro
m

 b
as

el
in

e 
(1

2.
3%

) t
o 

12
 m

on
th

s 
(2

9.
5%

) 
(P

 <
 .0

01
)

• 
S

ig
ni

fic
an

t 
in

cr
ea

se
 in

 in
ci

de
nc

e 
of

 a
ny

 S
TI

 f
ro

m
 b

as
el

in
e–

3 
m

o 
(4

3.
2/

10
0 

pe
rs

on
 y

ea
rs

) t
o 

3–
12

 m
o 

(1
19

.8
/1

00
 p

er
so

n 
ye

ar
s;

 IR
R

, 2
.7

7;
 9

5%
 C

I, 
1.

52
–5

.5
6)

• 
S

ig
ni

fic
an

t 
in

cr
ea

se
 b

et
w

ee
n 

sa
m

e 
pe

rio
ds

 fo
r 

go
no

rr
he

a 
(IR

R
, 7

.1
9;

 9
5%

 
C

I, 
1.

87
–6

1.
33

), 
ch

la
m

yd
ia

 (I
R

R
, 2

.2
5;

 9
5%

 C
I, 

1.
01

–5
.9

2)
, a

nd
 r

ec
ta

l S
TI

s 
(IR

R
, 2

.9
4;

 9
5%

 C
I, 

1.
41

–7
.0

8)

Li
u 

et
 a

l 2
01

6 
[3

3]
D

E
M

O
 P

ro
je

ct
• 

N
o 

ch
an

ge
 in

 p
ro

po
rt

io
n 

re
po

rt
in

g 
an

y 
C

R
A

I f
ro

m
 b

as
el

in
e 

(6
5.

5%
) t

o 
48

 
w

ee
ks

 (6
5.

6%
)

• 
In

cr
ea

se
 in

 p
ro

po
rt

io
n 

of
 M

S
M

 f
ro

m
 S

an
 F

ra
nc

is
co

 r
ep

or
tin

g 
an

y 
C

R
A

I f
ro

m
 

ba
se

lin
e 

(7
1.

3%
) t

o 
48

 w
ee

ks
 (7

5.
7%

)a

• 
In

cr
ea

se
 in

 m
ea

n 
nu

m
be

r 
C

R
A

I e
pi

so
de

s 
in

 M
S

M
 f

ro
m

 S
an

 F
ra

nc
is

co
 f

ro
m

 
ba

se
lin

e 
(8

.4
) t

o 
48

 w
ee

ks
 (1

1.
0)

a

• 
S

ig
ni

fic
an

t 
de

cr
ea

se
 in

 m
ea

n 
nu

m
be

r 
of

 a
na

l s
ex

 p
ar

tn
er

s 
in

 p
re

vi
ou

s 
3 

m
on

th
s 

fr
om

 b
as

el
in

e 
(1

0.
9)

 t
o 

48
 w

ee
ks

 (9
.3

) (
P 

=
 .0

4)

• 
D

ec
re

as
e 

in
 S

TI
 p

os
iti

vi
ty

 f
ro

m
 b

as
el

in
e 

(2
6.

4%
) t

o 
24

 w
ee

ks
 (1

7.
8%

) f
ol

lo
w

ed
 

by
 in

cr
ea

se
 a

t 
48

 w
ee

ks
 (2

5.
5%

)a

M
ar

cu
s 

et
 a

l 2
01

6 
[3

4]
K

ai
se

r 
Pe

rm
an

en
te

 N
or

th
 C

al
ifo

rn
ia

…
• 

S
ig

ni
fic

an
t 

in
cr

ea
se

 in
 u

re
th

ra
l g

on
or

rh
ea

 f
ro

m
 b

as
el

in
e 

(0
.9

%
) t

o 
12

 m
on

th
s 

(2
.5

%
) (
P 

=
 .0

12
)

• 
S

ig
ni

fic
an

t 
in

cr
ea

se
 in

 r
ec

ta
l c

hl
am

yd
ia

 f
ro

m
 b

as
el

in
e 

(7
.7

%
) t

o 
12

 m
on

th
s 

(1
4.

1%
) (
P 

<
 .0

01
)

• 
N

on
si

gn
ifi

ca
nt

 in
cr

ea
se

s 
be

tw
ee

n 
ba

se
lin

e 
an

d 
12

 m
on

th
s 

in
 r

ec
ta

l g
on

or
rh

ea
 

(4
.6

%
-6

.9
%

), 
ph

ar
yn

ge
al

 g
on

or
rh

ea
 (6

.2
%

-8
.4

%
), 

ph
ar

yn
ge

al
 c

hl
am

yd
ia

 (2
.1

%
-

2.
3%

), 
an

d 
ur

et
hr

al
 c

hl
am

yd
ia

 (2
.8

%
-2

.9
%

)
• 

N
o 

ch
an

ge
 in

 s
yp

hi
lis

 f
ro

m
 b

as
el

in
e 

(2
.1

%
) t

o 
12

 m
on

th
s 

(2
.1

%
)

Downloaded from https://academic.oup.com/cid/advance-article-abstract/doi/10.1093/cid/ciy182/4917600
by University of Washington user
on 09 June 2018



8  •  CID  2018:XX  (XX XXXX)  •  Traeger et al

S
tu

dy
Pr

oj
ec

t/
C

lin
ic

S
ex

ua
l B

eh
av

io
r

S
ex

ua
lly

 Tr
an

sm
itt

ed
 In

fe
ct

io
ns

M
cC

or
m

ac
k 

et
 a

l 2
01

6 
[3

5]
P

R
O

U
D

• 
O

ve
ra

ll 
tr

en
d 

fo
r 

in
cr

ea
se

 in
 n

um
be

r 
of

 d
iff

er
en

t 
C

R
A

I p
ar

tn
er

s 
fr

om
 b

as
el

in
e 

to
 1

2 
m

on
th

s
• 

S
ig

ni
fic

an
tly

 h
ig

he
r 

pr
op

or
tio

n 
of

 p
ar

tic
ip

an
ts

 r
ep

or
tin

g 
C

R
A

I w
ith

 >
10

 p
ar

t-
ne

rs
 in

 t
he

 im
m

ed
ia

te
 a

rm
 (2

1%
) t

ha
n 

in
 t

he
 d

el
ay

ed
 a

rm
 (1

2%
) (
P 

=
 .0

3)
• 

N
o 

di
ffe

re
nc

e 
be

tw
ee

n 
im

m
ed

ia
te

 a
nd

 d
el

ay
ed

 a
rm

s 
in

 t
ot

al
 n

um
be

r 
of

 s
ex

 
pa

rt
ne

rs
 a

t 
12

 m
on

th
s 

(P
 =

 .5
7)

• 
H

ig
he

r 
pr

op
or

tio
n 

di
ag

no
se

d 
w

ith
 a

ny
 S

TI
 in

 im
m

ed
ia

te
 a

rm
 (5

7%
) t

ha
n 

in
 

de
la

ye
d 

ar
m

 (5
0%

) (
A

O
R

, 1
.0

7;
 9

5%
 C

I, 
.7

8–
1.

46
) (
P 

=
 .7

4)
• 

N
on

si
gn

ifi
ca

nt
 in

cr
ea

se
 in

 o
dd

s 
of

 c
hl

am
yd

ia
 (A

O
R

,a  1
.2

7;
 9

5%
 C

I, 
.8

9–
1.

80
; 

P 
=

 .2
7)

 a
nd

 s
yp

hi
lis

 (A
O

R
,a  1

.2
9;

 9
5%

 C
I, 

.7
9–

2.
10

; P
 =

 .3
9)

• 
N

on
si

gn
ifi

ca
nt

 d
ec

re
as

e 
in

 o
dd

s 
of

 g
on

or
rh

ea
 (A

O
R

,b  0
.8

6;
 9

5%
 C

I, 
.6

2–
1.

20
; 

P 
=

 .4
6)

• 
N

o 
di

ffe
re

nc
e 

be
tw

ee
n 

ar
m

s 
in

 r
ec

ta
l i

nf
ec

tio
ns

 (A
O

R
,b  1

.0
0;

 9
5 

C
I, 

.7
2–

1.
38

; 
P 

=
 .9

9)

M
ila

m
 e

t 
al

 2
01

5 
[3

6]
C

C
TG

 5
95

• 
N

on
si

gn
ifi

ca
nt

 in
cr

ea
se

 in
 m

ea
n 

nu
m

be
r 

of
 C

R
A

I a
ct

s 
in

 p
re

vi
ou

s 
m

on
th

 
fr

om
 b

as
el

in
e 

(1
.7

9)
 t

o 
24

 w
ee

ks
 (2

.5
8)

 (P
 =

 .0
6)

 a
nd

 m
ea

n 
nu

m
be

r 
of

 C
IA

I 
ac

ts
 in

 p
re

vi
ou

s 
m

on
th

 f
ro

m
 b

as
el

in
e 

(2
.4

7)
 t

o 
24

 w
ee

ks
 (2

.5
2)

 (P
 =

 .0
6)

• 
S

ig
ni

fic
an

t 
in

cr
ea

se
 in

 m
ea

n 
nu

m
be

r 
of

 H
IV

-p
os

iti
ve

 p
ar

tn
er

s 
in

 p
re

vi
ou

s 
m

on
th

 f
ro

m
 b

as
el

in
e 

(0
.8

9)
 t

o 
24

 w
ee

ks
 (1

.1
3)

 (P
 <

 .0
5)

…

M
on

ta
no

 e
t 

al
 2

01
7 

[3
7]

Pu
bl

ic
 H

ea
lth

 –
 S

ea
tt

le
 a

nd
 K

in
g 

C
ou

nt
y

• 
S

ig
ni

fic
an

t 
in

cr
ea

se
 in

 p
ro

po
rt

io
n 

re
po

rt
in

g 
ne

ve
r 

us
in

g 
co

nd
om

s 
fr

om
 b

as
e-

lin
e 

(1
0.

3%
) t

o 
9 

m
on

th
s 

(2
4.

2%
) (
P 

=
 .0

05
)

• 
N

on
si

gn
ifi

ca
nt

 in
cr

ea
se

 in
 p

ro
po

rt
io

n 
re

po
rt

in
g 

se
x 

w
ith

 H
IV

-p
os

iti
ve

 p
ar

t-
ne

rs
 f

ro
m

 b
as

el
in

e 
(2

9.
5%

) t
o 

9 
m

on
th

s 
(3

0.
6%

) (
P 

=
 .6

0)

• 
In

cr
ea

se
 in

 p
ro

po
rt

io
n 

re
po

rt
in

g 
ch

la
m

yd
ia

 in
fe

ct
io

n 
du

rin
g 

th
e 

12
 m

on
th

s 
pr

io
r 

(1
7%

) t
o 

12
 m

on
th

s 
af

te
r 

(3
7%

) P
rE

P
 in

iti
at

io
na

• 
In

cr
ea

se
 in

 g
on

or
rh

ea
 f

ro
m

 1
2 

m
on

th
s 

pr
io

r 
(2

4%
) t

o 
12

 m
on

th
s 

af
te

r 
(3

4%
) 

Pr
E

P
 in

iti
at

io
na

• 
D

ec
re

as
e 

in
 s

yp
hi

lis
 f

ro
m

 1
2 

m
on

th
s 

pr
io

r 
(1

9%
) t

o 
12

 m
on

th
s 

af
te

r 
(9

%
) P

rE
P

 
in

iti
at

io
na

O
ld

en
bu

rg
 e

t 
al

 2
01

7 
[3

8]
Pr

E
P

 C
lin

ic
 in

 R
ho

de
 Is

la
nd

• 
S

ig
ni

fic
an

t 
in

cr
ea

se
 in

 m
ea

n 
nu

m
be

r 
of

 C
LA

I p
ar

tn
er

s 
in

 t
he

 p
re

vi
ou

s 
3 

m
on

th
s 

fr
om

 b
as

el
in

e 
(2

.0
) t

o 
6 

m
on

th
s 

(3
.3

); 
m

ea
n 

in
cr

ea
se

 =
 1

.3
1 

(9
5%

 
C

I, 
.0

9–
2.

53
; P

 =
 .0

35
)

• 
In

cr
ea

se
 in

 C
LA

I p
ar

tn
er

s 
w

as
 g

re
at

er
 in

 p
ar

tic
ip

an
ts

 r
ep

or
tin

g 
<

1 
pa

rt
ne

r 
in

 
pr

ev
io

us
 3

 m
on

th
s 

at
 a

ny
 t

im
e 

po
in

t;
 m

ea
n 

in
cr

ea
se

 o
f 

1.
63

 (9
5%

 C
I: 

−
.1

9,
 

3.
45

) f
ro

m
 b

as
el

in
e 

to
 6

 m
on

th
s 

(P
 =

 .0
8)

• 
N

on
si

gn
ifi

ca
nt

 in
cr

ea
se

 in
 m

ea
n 

nu
m

be
r 

of
 s

ex
 p

ar
tn

er
s 

in
 p

re
vi

ou
s 

3 
m

on
th

s 
fr

om
 b

as
el

in
e 

(4
.9

) t
o 

6 
m

on
th

s 
(5

.7
)a

• 
N

on
si

gn
ifi

ca
nt

 in
cr

ea
se

 in
 m

ea
n 

nu
m

be
r 

of
 o

ra
l s

ex
 p

ar
tn

er
s 

in
 p

re
vi

ou
s 

3 
m

on
th

s 
fr

om
 b

as
el

in
e 

(6
.4

) t
o 

6 
m

on
th

s 
(6

.6
)a

…

Th
om

as
 e

t 
al

 2
01

6 
[3

9]
C

lin
iq

ue
 m

éd
ic

al
e 

l’A
ct

ue
l

• 
In

cr
ea

se
d 

ris
k 

be
ha

vi
or

 (d
efi

ne
d 

as
 le

ss
 c

on
do

m
 u

se
, m

or
e 

pa
rt

ne
rs

) a
ft

er
 

3 
m

on
th

s 
of

 P
rE

P
 u

se
 w

as
 o

bs
er

ve
d 

in
 2

5%
 o

f 
pa

rt
ic

ip
an

ts
; 4

3%
 r

ep
or

te
d 

no
 c

ha
ng

e 
an

d 
32

%
 r

ep
or

te
d 

a 
de

cr
ea

se
 in

 r
is

k 
be

ha
vi

or
 (P

 =
 .0

2)

…

Vo
lk

 e
t 

al
 2

01
5 

[4
0]

K
ai

se
r 

Pe
rm

an
en

te
 S

an
 F

ra
nc

is
co

• 
C

on
do

m
 u

se
 d

ec
re

as
ed

 in
 4

1%
, w

as
 u

nc
ha

ng
ed

 in
 5

6%
, a

nd
 in

cr
ea

se
d 

in
 

3%
 f

ro
m

 b
as

el
in

e 
to

 6
 m

on
th

s 
in

 s
ub

se
t 

of
 1

88
 p

ar
tic

ip
an

ts
 a

sk
ed

 a
bo

ut
 

be
ha

vi
or

• 
N

um
be

r 
of

 p
ar

tn
er

s 
in

cr
ea

se
d 

in
 1

1%
, w

as
 u

nc
ha

ng
ed

 in
 7

4%
, a

nd
 

de
cr

ea
se

d 
in

 1
5%

 f
ro

m
 b

as
el

in
e 

to
 6

 m
on

th
s 

in
 s

ub
se

t 
of

 1
88

 p
ar

tic
ip

an
ts

 
as

ke
d 

ab
ou

t 
be

ha
vi

or

• 
C

um
ul

at
iv

e 
in

ci
de

nc
e 

fo
r 

an
y 

ST
I a

ft
er

 6
 m

on
th

s 
w

as
 3

0%
 (9

5%
 C

I, 
26

%
–

35
%

). 
A

ft
er

 1
2 

m
on

th
s 

cu
m

ul
at

iv
e 

in
ci

de
nc

e 
fo

r 
an

y 
ST

I w
as

 5
0%

 (9
5%

 C
I, 

43
%

–5
6%

)

Za
bl

ot
sk

a 
et

 a
l 2

01
7 

[4
1]

P
R

E
LU

D
E

• 
S

ig
ni

fic
an

t 
in

cr
ea

se
 in

 p
ro

po
rt

io
n 

re
po

rt
in

g 
C

LA
I w

ith
 H

IV
-p

os
iti

ve
/ 

un
kn

ow
n 

st
at

us
 c

as
ua

l p
ar

tn
er

s 
in

 t
he

 p
as

t 
3 

m
on

th
s 

fr
om

 b
as

el
in

e 
(8

0.
0%

) 
to

 1
2 

m
on

th
s 

(9
1.

1%
) (
P 

<
 .0

1)
• 

N
o 

ch
an

ge
 in

 p
ro

po
rt

io
n 

re
po

rt
in

g 
C

LA
I i

n 
pr

ev
io

us
 3

 m
on

th
s

…

A
bb

re
vi

at
io

ns
: A

O
R

, a
dj

us
te

d 
od

ds
 r

at
io

; C
I, 

co
nfi

de
nc

e 
in

te
rv

al
; C

IA
I, 

co
nd

om
le

ss
 in

se
rt

iv
e 

an
al

 in
te

rc
ou

rs
e;

 C
LA

I, 
co

nd
om

le
ss

 a
na

l i
nt

er
co

ur
se

; C
R

A
I, 

co
nd

om
le

ss
 r

ec
ep

tiv
e 

an
al

 in
te

rc
ou

rs
e;

 H
IV

, h
um

an
 im

m
un

od
efi

ci
en

cy
 v

iru
s;

 H
R

, h
az

ar
d 

ra
tio

; I
R

R
, 

in
ci

de
nc

e 
ra

te
 r

at
io

; M
S

M
, m

en
 w

ho
 h

av
e 

se
x 

w
ith

 m
en

; P
rE

P,
 p

re
-e

xp
os

ur
e 

pr
op

hy
la

xi
s;

 S
TI

, s
ex

ua
lly

 t
ra

ns
m

itt
ed

 in
fe

ct
io

n.
 

a P
 v

al
ue

 n
ot

 r
ep

or
te

d
b A

dj
us

te
d 

fo
r 

nu
m

be
r 

of
 s

cr
ee

ns
.

Ta
bl

e 
3.

 
Co

nt
in

ue
d

Downloaded from https://academic.oup.com/cid/advance-article-abstract/doi/10.1093/cid/ciy182/4917600
by University of Washington user
on 09 June 2018



  •  CID  2018:XX  (XX XXXX)  •  9HIV Pre-exposure Prophylaxis and Risk Compensation

DISCUSSION

In this review of 17 open-label studies, use of pre-exposure 
prophylaxis was associated with increased diagnoses of STIs in 
MSM. The effect was greatest for rectal infections for both chla-
mydia and overall STI diagnoses, and rates of repeat STI diag-
noses among participants during follow-up were high. When 
appraising evidence for risk compensation, it is important to 
take into consideration when the studies were conducted with 
respect to any changing attitudes toward PrEP. Despite early 
uptake of PrEP being slow and the initial stigma surrounding 
PrEP, most notably in the United States [42], PrEP use is now 
increasing in the United States [43], and knowledge of and will-
ingness to use PrEP among MSM has increased over the past 5 
years [44, 45]. Our finding of a greater increase in STI diagno-
ses in more recent studies and in studies with longer follow-up 
time suggest increasing trust in the HIV-protective effect of 
PrEP and potentially a normalization of PrEP for HIV preven-
tion over time. Key differences in stages of normalization of 
PrEP among studies may influence outcomes such as risk com-
pensation. This is reflected in the most recent study included 
in our meta-analysis from Australia, where an internationally 
unprecedented rate of enrollment has since been observed in 
large demonstration projects in Sydney and Melbourne [46].

Although changes in self-reported sexual risk behavior varied 
across study populations, most instances reflected an increased 
number of different condomless partners or a decrease in over-
all condom use, rather than a change in proportion of men 
engaging in any condomless sex. The finding that no studies 
reported a significant increase in the proportion of MSM par-
ticipating in any condomless sex most likely reflects a study 
population where many participants were not previously using 
condoms 100% of the time. We note, however, the variations in 
evidence for risk compensation among subgroups engaging in 
different levels of sexual risk behavior [33, 38], as well as evi-
dence of MSM transitioning from inconsistent condom use 
to never using condoms [37]. These findings suggest that risk 
compensation is most prominent among MSM already engag-
ing in behaviors that place them at risk of HIV and support 
risk-based guidelines for PrEP [10].

A previous meta-analysis on the association between PrEP 
use and STIs among MSM found that MSM enrolled in PrEP 
studies were 11.2–44.6 times more likely to be diagnosed with 
an STI versus MSM enrolled in cohort studies without PrEP 
[47]. Greater effect sizes in this meta-analysis reflect method-
ological differences, such as comparing STI incidence among 
different populations. Although the previous meta-analysis 
was limited in its analysis due to heterogeneous populations 
and differences in STI testing frequencies, its findings suggest 
MSM who enroll in PrEP studies have a greater baseline STI 
risk compared with MSM who do not. This is consistent with 
early experiences of PrEP programs in the United States, where 
MSM initiating and continuing to use PrEP were more likely to 

engage in condomless sex, be the receptive partner during sex, 
and report sex with an HIV-positive person than those who do 
not use PrEP [48, 49].

Our inability to conduct a meta-analysis on behavioral out-
comes due to differences in metrics of condom use and the 
period over which they were measured indicates that defin-
ing clear and meaningful measures of sexual behavior in PrEP 
research is crucial. Because risk compensation is exhibited 
differently among PrEP users, future research should ensure 
the collection of data on a wider range of sexual behaviors 
and report within-participant changes, as opposed to pro-
portional changes across the whole cohort. More descriptive 
reporting of other sexual risk behaviors, such as participation 
in group sex and the viral load of HIV-positive partners, may 
further enhance our understanding of individuals’ behavioral 
responses to PrEP use and how trends in STIs will be affected. 
Future research should also explore the effects of increases in 
STI testing due to increased PrEP access on STI epidemiology 
in MSM. Decreases in condom use may be counteracted by the 
benefits accrued from the early diagnosis and treatment of STIs 
in the context of PrEP use.

Although this is the first systematic review of risk compen-
sation in the context of real-world PrEP demonstration studies, 
several limitations of our review must be acknowledged. First, 
STI positivity was only reported in studies as aggregated data at 
baseline and post-PrEP follow-up, making it impossible to calcu-
late odds ratios that account for the paired samples and depend-
ency of outcomes, leading to underestimated standard errors 
and narrower confidence intervals. Second, the lack of individu-
al-level and demographic data limited our understanding of the 
individual circumstances in which sexual behavior changed due 
to PrEP use. Third, because of differences in outcome measures 
of STIs (ie, prevalence vs incidence), we were unable to include 
some studies in the data synthesis. In such cases, we made efforts 
to contact authors; however, we were unable to obtain additional 
data for all studies. Fourth, studies in this review involved PrEP 
protocols that included safe-sex counseling and comprehensive 
STI screening, which may lead to an underestimate in the mag-
nitude of risk compensation associated with PrEP use outside 
of a study environment. Finally, lack of control data in obser-
vational studies makes it difficult to attribute changes in sexual 
behavior to PrEP use alone, with unmeasured or unanalyzed 
confounders potentially affecting results.

This is the first review of risk compensation among MSM using 
PrEP that includes findings from demonstration projects and 
open-label extension studies implemented since the regulatory 
approval of PrEP. Study findings suggest that STIs increase after 
participants commence PrEP. Of particular interest is the increase 
in anorectal STIs, suggesting an increase in condomless recep-
tive anal intercourse after participants commence PrEP. It was 
difficult to analyze an overall effect on sexual behavior change 
because studies did not adopt standardized measures. But taken 
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together, the included studies suggest that PrEP use is associated 
with a decline in condom use for anal sex, especially among MSM 
already using condoms inconsistently. These findings highlight 
the importance of ongoing efforts to control the spread of STIs 
among PrEP users and their sexual partners. Our findings sup-
port ongoing education to encourage the judicious use of con-
doms for anal sex; routine testing and comprehensive treatment 
of high-prevalence STIs seen among MSM, including syphilis, 
chlamydia, and gonorrhea, as part of PrEP programs; and further 
research to assess novel biomedical strategies to prevent bacter-
ial STIs, such as antibiotic PrEP and post-exposure prophylaxis 
[50] and the use of antiseptics [51, 52]. Pre-exposure prophylaxis 
is being positioned as an integral tool in reducing new HIV infec-
tions among MSM in country-level and global prevention strate-
gies, and responses to emerging trends in risk compensation need 
to be balanced against the considerable HIV transmission averted 
and the long-term prevention impact of greater PrEP coverage.

Supplementary Data
Supplementary materials are available at Clinical Infectious Diseases online. 
Consisting of data provided by the authors to benefit the reader, the posted 
materials are not copyedited and are the sole responsibility of the authors, 
so questions or comments should be addressed to the corresponding author.
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