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Abstract
The appropriate use of pre-exposure prophylaxis (PrEP) bymenwhohave sexwithmen (MSM) canbehighly effective at reducingHIV
transmission. Our review examined prevalence estimates, sexual behaviors, and medication adherence amongMSM PrEP users in
high-income countries. Articles published between January 2008 and December 2018 were identified through Medline, Web of
Science, CINAHL, and CENTRAL. The search identified 643 publications, of which 52 were included in the final synthesis. We found
that PrEP initiation was not consistently associated with significant changes in sexual behavior, but some users may have risk
compensated. A minority of MSM used PrEP, and they had high levels of adherence. PrEP-related stigma, side effects, and
psychosocial factors lead to nonadherence. A daily routine, pill boxes, alarms/texts, and education can promote adherence. Further
research is required to examine PrEP impact on sexual behavior and factors that influence adherence in high-risk MSM
subpopulations.
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In 2016, there were more than 26,000 new HIV di-
agnoses in Western Europe; in the United States, there

were more than 38,000 newHIV diagnoses (Centers for
DiseaseControl and Prevention, 2017; EuropeanCentre
for Disease Prevention and Control, 2017). Men who
have sex with men (MSM) are a minority in the pop-
ulations of the United States and Western Europe, but
they are at higher risk of HIV transmission compared to
the general population. In Western Europe, MSM
accounted for 45% of new HIV diagnoses, and in the
United States, MSM accounted for 67% of new HIV
diagnoses (Centers for Disease Control and Prevention,
2017; European Centre for Disease Prevention and
Control, 2017). The development of effective pre-
exposure prophylaxis (PrEP) is an important HIV pre-
vention strategy for MSM.
In 2012, the U.S. Food and Drug Administration was

the first to approve PrEP for high-risk groups (Centers
for Disease Control and Prevention, 2014). In 2014, the
United States published guidelines recommending that
PrEP be provided to uninfected MSM who were not in

a mutually monogamous relationship and had either
condomless anal intercourse (CAI) or been diagnosed
with a sexually transmitted infection (STI) in the pre-
vious 6 months (Centers for Disease Control and Pre-
vention, 2014). In 2015, France implemented PrEP
through the national health care system, and in 2016, the
EuropeanMedicines Agency provided authorization for
PrEP use in European Union countries (Euro-
surveillance, 2018). Since that time, a few European
countries have implemented PrEP through their national
health care systems (Eurosurvelliance, 2018).

Since the introduction of PrEP, concern has been
raised about risk compensation or changes in levels of
high-risk sexual behavior because of PrEP (Blumenthal
& Haubrick, 2014). The key public health concern fol-
lowing PrEP initiation has been related to a potential
increase in STIs (Blumenthal &Haubrick, 2014). Proxy
measures, such as changes in sexual behavior, are often
used in research, but the public health focus must be on
any increase in STIs.

Effectiveness and efficiency of PrEP in reducing HIV
inMSMwill depend on uptake and adherence for those
at the highest risk. To date, there has been no compre-
hensive systematic review to synthesize what is known
about the prevalence of PrEP use, sexual behaviors, and
biopsychosocial factors associated with PrEP adher-
ence in MSM. We examined biopsychosocial factors
associated with PrEP that have influenced medication
adherence by MSM in high-income countries. Our
objectives were
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·To define prevalence estimates for PrEP use inMSM;

·To identify factors associated with PrEP use, including
sociodemographics and reasons/motivators for PrEP
initiation;

·To describe high-risk sexual behaviors and STI rates
in PrEP users;

·To identify levels of adherence in episodic and
continuous dosing regimens; and

·To describe the biopsychosocial factors that influence
PrEP medication adherence and nonadherence.

Methods

Search Strategy

Our systematic review was conducted and reported
in accordance with the Preferred Items for Systematic
Reviews and Meta-Analysis (Liberati et al., 2009).
Four databases (Medline, CINAHL, Web of Science,
CENTRAL) were used because they included medical,
nursing, allied health professional, sociological, and
clinical trial journals. Search termswere generated based
on the population (MSM, homosexual men, gay men,
gaymales), intervention (PrEP), andoutcomes of interest
(adherence, nonadherence, concordance, compliance).
All possible combinations of MeSH terms, MeSH
headings, keywords, and phrases were used. The search
was conducted in January 2018.

Eligibility Criteria

We included research that (a) examined actual use (as
opposed to intended use) of PrEP; (b) had a sample of
uninfected MSM; (c) were from high-income countries as
defined by The World Bank (2019); (d) were primary re-
search, fully published in peer-reviewed journals; (e) had
cross-sectional, cohort, case–control, qualitative, or ran-
domized controlled trial (RCT) designs; and (f) were pub-
lished in English from January 2008 to December 2017.

Ethical Considerations

As per the institutional ethics guidelines, ethics approval
was not required because this was a review of peer-
reviewed published literature.

Study Selection and Data Extraction

One reviewer conducted the search using a predefined
protocol developed with two senior researchers. Data
retrieved through the search were extracted into End-
note x8 (Thomson Reuters, New York, NY). At the

abstract stage, an independent reviewer examined
a random sample of abstracts (10% of excluded and
20% of included articles) to ensure robustness of in-
clusion and exclusion criteria. All differences were dis-
cussed and resolved. Data from the articles included in
the final syntheses were extracted by one reviewer into
a structured template.

Data Analysis

We synthesized evidence from studies that used a range
of research methods and had wide variances in
exposures/outcomes. A four-stage framework and
techniques were used to increase transparency and
trustworthiness of the narrative synthesis (Popay et al.,
2006) and to compare and synthesize evidence in the
review. The antecedent, behavior, and consequence
(ABC) frameworkwas used to (a) understand predictors
that may have occurred before an event (antecedents),
(b) describe the process involved in an event (behavior),
and (c) determine what factors might be outcomes of the
event (consequences; Meaden, Ayvazo, & Ostrosky,
2014). Table 1 contains a provisional ABC analysis of
PrEP use drawn from the literature and research team
discussions.

Quality Assessment

Three validated toolswere chosen to appraise the quality
of studies included in the review’s final synthesis: (a) the
National Heart, Lung and Blood Institute (2019) tool
assessed cohort/cross-sectional studies, (b) the Effective
Public Health Practice Project (2019) tool assessed RCTs/
controlledclinical trials, and (c) theCriticalAppraisal Skills
Programme (2019) qualitative checklist assessed qualita-
tive studies. All three also assessed clarity and rigor of
outcomes/measures, sample recruitment, data collection,
analysis, ethical considerations, and findings.

Results

Study Selection

The number of studies identified, reviewed, selected, and
reasons for exclusion are summarized in Figure 1. The
initial number of articles captured from the search was
1,071; 52 articles were included in the final review.

Study Characteristics

Table 2 provides a summary of the aim, population,
country, sample size, year of data collection, study
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design, appropriate overall quality rating, and ABC
findings of the 52 articles included in the review. Figure 2
provides a summary of our main findings, which is
structured using the ABC framework. The majority of
the studies were from the United States (44); other
studies were from Canada/France (3), Switzerland (1),
France (1), United Kingdom (1), Canada (1), and
Australia (1). The majority of the studies were cross
sectional (25) or cohort (12) in design; the remaining
studies were qualitative (9) or RCTs (6).

Study Quality

The majority of the cross-sectional studies had a fair
quality rating, which, on the National Heart, Lung and
Blood Institute (NHLBI) tool, means that a study could
be susceptible to bias, but the findings were relevant;
strengths and weaknesses were specific to each article
(National Heart, Lung and Blood Institute, 2019).Most
reports did not provide sample size justification,

measured exposures only once, and were unclear if
researchers were blinded to the status of the sample. The
primary strengths in most studies were clear objectives,
defined exposures and outcomes, and appropriate
methods for data analysis.

Most of the cohort studies were rated as good in
quality, which is the best NHLBI quality rating and
means studies have a minimal level of bias and the
findings are valid (National Heart, Lung and Blood In-
stitute, 2019). The key strengths of the cohort studies
were analysis of different exposure levels, and exposures
were measured more than once. Limitations in most of
the cohort studies were the lack of sample size justifica-
tion andnot being clear if researcherswere blinded to the
sample status.

The Critical Appraisal Skills Programme qualitative
tool does not provide an overall quality level of rating.
However, the majority of qualitative studies provided
a clear recruitment strategy, justified data collection
methods, had ethics approval, described a rigorous
analysis method, and provided findings in a clearly
structured format. Most did not examine wider ethical
issues raised in or from the study.

Most of the RCTs were rated as moderate in quality,
which means studies have a robust and valid design, but
a component in the study design had limitations (Effec-
tive Public Health Practice Project, 2019). The primary
strengths of these studies were clear methods of ran-
domization, no differences in study groups, sample
blinded to the study outcome, and sample retention
greater than 80%. Most were limited by not describing
the reliability and validity of study assessment tools.

Prevalence of Preexposure Prophylaxis Use

Twenty studies from the United States (17), France (1),
Australia (1), and Switzerland (1) examined prevalence
estimates of PrEPuse byMSM. Sample sizes ranged from
157 to 6,483, and all studies were cross sectional in de-
sign. The sample was heterogenous, as studies examined
a variety of MSM populations using different

Figure 1. Study selection process. PRISMA flowchart from Moher,
Liberati, Tetzlaff, & Altman, 2009.Note. PrEP5 preexposure prophylaxis;
PRISMA5 Preferred Items for Systematic Reviews and Meta-Analysis.

Table 1. ABC Analysis of PrEP Use and Medication Adherence

Antecedent Behavior Consequence

• Sociodemographic characteristics
• Reasons/motivators for PrEP
initiation

• Prevalence
• Sexual behavior
• STI rates
• PrEP adherence levels
• Influences on PrEP adherence

• STI diagnosis
• Changes in sexual behavior (risk
compensation)

Note. ABC 5 antecedent, behavior, and consequence; PrEP 5 preexposure prophylaxis; STI5 sexually transmitted infection.
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Table 2. Summary of Findings

Author Country Aim Sample
Data
Collection Design

Quality
Rating Key ABC Findings*

Arnold et al.,
2017

USA Explore social,
structural, and
behavioral
factors that
influence PrEP
uptake

N 5 30; YMSM via
PrEP provision
service

Not
specified

Qualitative Not
applicable

A: Some said multiple
or casual sex partners
was a consideration
for being on PrEP.
B: Most said they did
not encounter stigma
but were apprehensive
about potential social
stigma. Two
experienced side
effects that led them to
stopping PrEP.

Bauermeister
et al., 2014

USA Examine PrEP
awareness and
use among
YMSM

N 5 1,507; ages
18–24 years by
social media

2013 Cross
section

Fair B: 2.7% had
previously used PrEP.

Bien et al.,
2017

USA Assess
demographics
and behaviors
of PrEP users

N 5 108; via large
health center

2011–2015 Cohort Fair B: MSM PrEP users:
38% previously
diagnosedwith an STI,
38% had a main
partner living with HIV,
39% had multiple sex
partners, and 43%
had CAI.

Castro et al.,
2017

France Examine
characteristics
of PrEP use

N 5 2,668; via
community-based
HIV support service

2014 Cross
section

Fair A: Being MSM and
younger is associated
with PrEP use.
B: 4.6% had used
PrEP, of this, 74%
wereMSM. In previous
12 months, injecting
drugs and PEP use
was associated with
PrEP use.

Chan, Glynn,
et al., 2016a

USA Describe
predictors of
PrEP uptake of
MSM attending
STI services

N 5 234; PrEP
program via STI
clinic

2013–2014 Cross
section

Fair A: Sex with a partner
living with HIV was
associated with PrEP
uptake.
B: 25 of 234 were
prescribed PrEP. 20%
of PrEP users had
a current STI versus
17% of non-PrEP
users. 32% PrEP
users had .10 sex
partners versus 25%
for non-PrEP users.

(continued on next page)
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Table 2. (continued)

Author Country Aim Sample
Data
Collection Design

Quality
Rating Key ABC Findings*

Chan et al.,
2016b

USA Describe
demographics
and behaviors
of PrEP users

N5 267; PrEP
program via clinics

2014–2015 Cross
section

Good A: No factors
associated with
starting on PrEP.
B: Retention in care
did not vary by race,
age, or medical cover.
Adherence at 3
monthswas 92%,with
82% reporting optimal
adherence in the
previous week.

Chen, et al.,
2016

USA Examine trends
in PrEP use and
sexual
practices

N5 301–1,211;
multisite survey

2004–2014 Cross
section

Good B: PrEP use was 0%
2004, 2008, and
2011; 9.6% in 2014.
10% of PrEP users
consistently used
condoms versus 25%
of non-PrEP users.

Collins et al.,
2017

USA Explore how
PrEPaffects the
wider sexual
health of MSM

N5 14; advertising
via PrEP providers

2014 Qualitative Not
applicable

A: Most used PrEP as
they had a history of
inconsistent condom
use
B: Some users had
reservation about
informing peers and
HCP due to potential
stigma.
C: Condom use did
not change post PrEP,
but there was
increased receptive
CAI.

Daughtridge
et al., 2015

USA Report
characteristics
and adherence
of PrEP users:
YMSM of color

N5 23; YMSM via
PrEP clinic

2014 Cohort Poor B: Median adherence
was 82% for those
who used PrEP for
a month, at Week 16:
79%; at Week 28:
88%. Four STIs
diagnosed during the
study. 74% reported
inconsistent condom
use.

Doblecki-
Lewis et al.,
2017

USA Understand
participants’
experiences of
being on a PrEP
Demo project

N5 347; MSM/TGW
via PrEP project

Not
specified

Cross
section

Fair A: Older age and
higher education/
income associated
with PrEP use.
B: Common barrier for
not continuing on
PrEP was health care
cost. 22% diagnosed
with an STI after study
completion.

(continued on next page)
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Table 2. (continued)

Author Country Aim Sample
Data
Collection Design

Quality
Rating Key ABC Findings*

Eaton et al.,
2017

USA Examine levels
of PrEP use
among Black
men/
transgender
women

N 5 1,274; Black gay
pride events in five
cities

2014 Cross
section

Fair A: 96% male; 77%
identified as gay.
B: 4.6%were currently
taking PrEP. Those
currently using PrEP
were more likely to
have a partner with
unknown HIV status,
more likely toexperience
discrimination and not
afford health care in the
past year thannon-PrEP
users.

Gilmore et al.,
2013

USA Understand
contextual
factors that
influence PrEP
adherence

N 5 52; PrEP clinical
trial participants

2009–2011 Qualitative Not
applicable

B: Some users missed
pills due to illness,
being away from home,
a busy schedule, or
mental health. Other
medications and daily
routine, pill boxes, and
alarms could help
facilitate adherence.

Goedel,
Halkitis,
Greene,
Hickson, et al.,
2016

USA Examine HIV
risk behaviors
and PrEP
awareness
among MSM

N 5 84; via one MSM
dating app

2015 Cross
section

Fair A: Users were, on
average, older.
B: 12%had used PrEP
and had more
condomless sex
partners than non-PrEP
users. PrEP users had
7.5 receptive CAI
partners versus 1.3 for
non-users.

Goedel et al.,
2016b

USA Examine
demographic
and behavioral
associations
with PrEP

N5 152; via oneMSM
dating app

Not
specified

Cross
section

Fair B: 9% had ever used
PrEP. 86% of PrEP
users engaged in
receptive CAI and
64% insertive CAI with
.1 partner in the
previous 3 months
compared to 32%
receptive CAI and
40% insertive CAI for
non-users.

Gupta et al.,
2017

USA Examine levels
of PrEP use
among MSM:
focus on young
Black/Latino

N5 270; via oneMSM
dating app

2013 Cross
section

Fair A: All PrEP users
identified as male and
median age was 30
years.
B: 2% had ever used
PrEP and 4 of 6 PrEP
users used a condom
at the last sexual
encounter.

(continued on next page)
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Table 2. (continued)

Author Country Aim Sample
Data
Collection Design

Quality
Rating Key ABC Findings*

Hampel et al.,
2017

Switzerland Assess the
need for a PrEP
program for
MSM

N5 1,893; via one
MSM dating app

2017 Cross
section

Fair B: 4.3% currently
using PrEP. 9% of
PrEP users did
not have an HIV test
in the previous year.
78% took PrEP
under medical
supervision.

Hojilla et al.,
2016

USA Examine how
PrEP users
incorporated it
into their HIV
prevention
measures

N5 26; participants of
PrEP project

Not
specified

Qualitative Not
applicable

C: HIV prevention
strategies did not
change on the
initiation of PrEP, but
some MSM took more
risks due to feeling
confident in PrEP
effectiveness. In
lower-risk scenarios,
condoms were used
less.

Holloway et al.,
2017

USA Examine level of
PrEP uptake
and adherence
in YMSM

N5 761; via several
geosocial networking
apps

2015 Cross
section

Fair A: No difference in use
by ethnicity. Main
reasons for use: worry
less about HIV (72%),
. 1 sexual partner
(66%), not always
using condoms (53%),
partners with
unknown HIV status
(50%), dislike
condoms (32%).
B: 9.7% ever used
PrEP, 71.6% currently
taking PrEP. STI
diagnosis in past year
associated with PrEP
use.

Hood et al.,
2016

USA Assess trends
of PrEP uptake
among MSM

N5 2,168; via gay
pride event

2009–2015 Cross
section

Fair B: ,1% ever used
PrEP from 2009 to
2011, 5% in 2012;
31% in 2015. In
2015, 23%of high-risk
respondents were
currently using
PrEP, and low-risk
respondents
were stable at
1–3% from 2012
to 2015.

(continued on next page)
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Table 2. (continued)

Author Country Aim Sample
Data
Collection Design

Quality
Rating Key ABC Findings*

Hoots et al.,
2016

USA Report on
willingness to
take and use
PrEP by MSM

N 5 6,483, 20 city
MSM venues

2014 Cross
section

Fair A: Men who had CAI
with partner living with
HIV were 5 times more
likely to use PrEP than
those who had sex
with a condom or
uninfected partner.
B: 3.7% used PrEP in
the previous year.
PrEP use more
common in those
diagnosed with an STI
in the previous year.

Hosek et al.,
2013

USA Examine/test
methods to
measure risk
compensation
and PrEP
adherence in
YMSM

N 5 58; ages 18–22,
participants in three
arm pilot study

Not
specified

RCT Moderate B: In the PrEP group,
the median number
of missed doses: 10
of 30. Rates of
detectable drug levels
in blood was 63% at
Week 4 and 20% at
Week 24. Poor
concordance
between self-report
and blood testing.
Reasons for missing
doseswasbeingbusy,
away from home, and
forgot.

Hosek et al.,
2017

USA Examine
patterns of
PrEP use and
adherence
among YMSM

N5 200; PrEP project
recruited via
community/school
and social media

Not
specified

Cohort Good B: PrEP drug levels:
Week12was90%and
Week 48 was 69%.
Reasons for missing
PrEP doses: forgot
(28.5%), away from
home (27%), or busy
(27%); not wanting
others to see them
taking the pill (2.5%),
or believed the pill was
harmful (2%).

Klevens, 2017 USA Measure
frequency of
PrEP use

N 5 316; via multiple
MSM venues

2014 Cross
section

Fair B: 119 men in sample
answered the
question about ever
using PrEP, in which
6% had used PrEP in
the past year.

Kuhns et al.,
2017

USA Assess level of
PrEP uptake in
YMSM

N 5 394; via
respondent social
network

2014–2016 Cross
section

Fair A: Median age of user
was 24 years; Black
ethnicity negatively
associated with use.

(continued on next page)
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Table 2. (continued)

Author Country Aim Sample
Data
Collection Design

Quality
Rating Key ABC Findings*

B: 12% ever taken
PrEP; 77% currently
using PrEP. STI
history, recent CAI,
and partner living with
HIV were associated
with PrEP use.

Liu et al., 2008 USA Assess PrEP/
PEP
knowledge in
four specific
HIV-negative
MSM groups

N5 667; multiple
MSM-related venues

2006 Cross
section

Fair B: 0–2% previously
used PrEP. Some
ambiguity distinguishing
between PrEP and
PEP.

Liu et al., 2013 USA Examine the
effect of PrEP
pill taking on
sexual
practices.

N5 400; MSM
participants in PrEP
randomized clinical
trial

2005–2007 RCT Weak B: In both groups, the
mean number of sex
partners at baseline
was 7.25 and 5.27 at
12–24 months.
C: Rates of CAI
reported in the
previous 3 months at
study visits (baseline
57%; 52% at months
12–24) decreased
over the course of the
study.

Liu, et al., 2016 USA Report on
safety,
adherence,
sexual
practices of
a PrEP Demo
project

N5 437; PrEP project
via STI clinics

2014–2015 Cohort
study

Good B: Mean adherence
was 82% by pill count.
Drug levels in the
protective range varied
from 80-86% over 48
weeks of the study.
C: Themean number of
sex partners declined
over the period of the
study. STI incidence
was stable across all
periods of the study.

Malone et al.,
2017

USA Examine
dynamics of
PrEP use in
male couples

N5 40; via medical
services who provide
PrEP

Not
specified

Qualitative Not
applicable

A: PrEP was
a practical tool,
especially in open
relationships, to
reduce the risk of HIV
from outside partners.
B: 17 couples had
past/current PrEP
experience. 15 had
open relationships;
foundation of trust and
emotional monogamy
key in an open
relationship. High level

(continued on next page)
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Table 2. (continued)

Author Country Aim Sample
Data
Collection Design

Quality
Rating Key ABC Findings*

of awareness in HIV
risk and using
condoms with outside
partners.

Marcus et al.,
2016

USA Assess
adherence and
discontinuation
in PrEP
initiators

N 5 972; PrEP
provision via
integrated health
service

2012 - 2015 Cohort Good B: Mean adherence
was 92%; 13% had
,80% adherence.
Black participants
were more likely to
have,80%
adherence compared
to White.
C: STI increased from
baseline through the
first year for urethral
gonorrhea and rectal
chlamydia but were
stable for all other
STIs.

Mayer et al.,
2016

USA Assess
awareness and
use of PrEP and
PEP among
MSM

Wave 1: N5 4,043,
Wave 2: N5 2,737;
MSM Internet site

2013–2014 Cross
sectional

Fair A: InWave 1, history of
STIs, PEP use was
associated with PrEP
use. In Wave 2, history
ofSTIs andgay identity
were not associated
with PrEP use.
B: In Wave 1, 1.5%
used PrEP; in Wave 2,
2.3% used PrEP.

Mayer et al.,
2017

USA Examine if a Life
Steps
approach
would improve
PrEP
adherence

N 5 50; two arm RCT
at large primary care
service

2013–2014 RCT Moderate B: The intervention
group had significantly
higher PrEP drug
levels at 6 months
compared to the
control group. No
significant difference in
achieving adherence
of 80% or above
between the groups.

McCormack
et al., 2016

UK Assess the
efficacy,
adherence to
PrEP, and
changes in
sexual
practices

N 5 544; participants
in RCT

2012–2014 RCT Moderate B: 8% missed doses
due to adverse
reactions. Most
common side effects
were nausea,
headache, and
arthralgia.
C: No difference in sex
partner numbers
between study
groups. Larger
number in immediate
group had more CAI

(continued on next page)
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Table 2. (continued)

Author Country Aim Sample
Data
Collection Design

Quality
Rating Key ABC Findings*

with.10 partners. No
difference in STI rates
between study groups.

Mimiaga et al.,
2014

USA Explore
partnership
level influences
that effect PrEP
adherence in
MSM club drug
users

N5 40; MSM venues
and HIV prevention
services

2011–2,112 Qualitative Not
applicable

B: Some were wary of
disclosing PrEP use to
casual sex partners
due to the brief nature
of the encounter.
Some would not
disclose PrEP use due
to associated stigma.
Some said that the
crystal meth high
would deter them from
taking PrEP before
having sex with
a casual sex partner.
Most said that they
would disclose PrEP
use to a main partner.

Molina et al.,
2015

France/
Canada

Test safety and
efficacy of
episodic PrEP
use in high risk
MSM

N5 400; participants
of a PrEP clinical trial

2012–2014 RCT Moderate B: Participants took an
average of 15 pills per
month. Rates of PrEP
drug detection was
82–85%. 41% of PrEP
group were diagnosed
with an STI.
C: Sexual behaviors
did not change during
the course of the
study.

Molina et al.,
2017

France/
Canada

Understand the
real-world use
of PrEP
episodic dosing

N5 361; participants
from a PrEP clinical
trial

2014–2016 Cohort Good B: 41 reported
adverse reactions.
Overall, PrEP were
used for sexual
encounters: not used
(26%), suboptimal
dose (24%), the
correct dose (50%). C:
Number of sex
partners did not
change in 2 months
prior to follow-up visits
but frequency of
receptive CAI
increased over 18
months.

Montgomery
et al., 2016

USA Evaluate PrEP
drug levels in
comparison to
self-reported
adherence

N5 50; via infectious
disease service

2013–2014 Cohort Good B: 95% of sample
were MSM. Mean self-
reported adherence at
follow-up was 6.2
tablets in the previous

(continued on next page)
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Table 2. (continued)

Author Country Aim Sample
Data
Collection Design

Quality
Rating Key ABC Findings*

7 days and 26.8
tablets in previous 30
days. PrEP users in
drug sampling group
had a higher mean of
self-reported
adherence than those
not in the drug
sampling group.

Okafor et al.,
2017

USA Examine
structural and
behavioral
correlates of
PrEP use

N 5 185; via
substance use study

2015 - 2017 Cohort Fair A: Sex with a partner
living with HIV
compared to unknown
or negative status
associated with
greater PrEP use.
B: PrEP users more
likely to have .6 anal
sex partners in the
previous 6 months
than non-users.

Oldenburg
et al., 2016

USA Assess PrEP
use among
alcohol/
stimulant-
using MSM

N 5 254; via MSM
bars and clubs

2012 Cross
section

Fair B: 5% had previously
used PrEP, all were
stimulant users.
Stimulantusers reported
their substance use
more often would affect
PrEP adherence.

Oldenburg
et al., 2017

USA Explore
changes in
sexual behavior
following PrEP
initiation

N5 61; MSM via PrEP
program at an STI
clinic

2013–2016 Cohort Good B: Mean number of
anal sex partners at
baseline was 4.9 and
increased to 5.7 at 6
months; CAI partners
at baseline 2.0 and
increased to 3.3 at 6
months.
C: Post PrEP initiation:
No increase in anal sex
partners but
significant increase in
CAI partners at 6
months compared to
baseline.

Parker et al.,
2015

USA Explore PrEP
users’ real-life
use of the
medication.

N 5 24; MSM,
infectious disease
services

Not
specified

Qualitative Not
applicable

A: 75% engaged in
CAI prior to starting on
PrEP. B: Daily routine,
pill boxes, alarms/
texts promoted
adherence.
C: Majority of sample
did not change
number of sex
partners or level of

(continued on next page)
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Table 2. (continued)

Author Country Aim Sample
Data
Collection Design

Quality
Rating Key ABC Findings*

condom use after
starting PrEP.

Parsons et al.,
2017

USA Proposes
a motivational
PrEP cascade
on the cycle of
change model

N5 995; MSM survey
via social media

2015 Cross
section

Fair B: 1 in 10 using PrEP;
98% of users reported
taking more than 4
doses per week.

Patrick et al.,
2017

USA Examine levels
of PrEP
awareness/use
in MSM

N5 1,346; MSM
venues in two cities

2011–2014 Cross
section

Fair B: In Washington, DC,
PrEP use in 2011 was
0%, and in 2014, it
was 7.5%. In Miami,
PrEP use in 2011 was
,1% and in 2014 was
1.5%.

Raifman et al.,
2017

USA Evaluate the
impact of
a PrEP
education
intervention on
uptake

N5 316; MSM via STI
clinic

2012–2015 Cohort Good B: 2.5% took PrEP
before the
intervention. Use
increased from 1% to
3.5% in the control
group and 3%–10% in
the treatment group.
Attending theclinicafter
the intervention was
associated with a 5%
increase in PrEP use.

Rucinski et al.,
2013

USA Examine
knowledge of
PrEP among
MSM

N5 355; 18–40 years
via six MSM media
platforms

2011 Cross
section

Fair B: 1.5% had used
PrEP in the previous 6
months.

Sagaon-
Teyssier et al.,
2016

France/
Canada

Evaluate PrEP
adherence and
sexual behavior
during a clinical
trial

N5 400; MSM/TGW
participants of PrEP
RCT

2015 RCT Moderate B: PrEP was used
optimally by 59% and
41% suboptimally at
most recent anal
sexual encounter.
70% reported the
most recent receptive
AI was without
a condom. 43% of
participants reported
that their recent sexual
encounter was
protected only with
PrEP.

Snowden
et al., 2017

USA Examine level of
PrEP use in
different MSM
populations

N5 301; via multiple
MSM venues

2014 Cross
section

Fair A: Eligible White men
were 4 times more
likely to use PrEP than
non-White men. No
eligible 18- to 24-year
olds used PrEP; 30%
were .55 years.

(continued on next page)
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Table 2. (continued)

Author Country Aim Sample
Data
Collection Design

Quality
Rating Key ABC Findings*

B: 10% used PrEP in
the previous year.

Storholm et al.,
2017

USA Examine PrEP
adherence and
condom use in
substance-
using YMSM

N 5 30; ages 25–30,
via integrated health
care service

Not
specified

Qualitative Not
applicable

B: Average number of
missed doses over 3
months was 5.5. All
crystalmeth users said
drug use impacted
adherence. 30% of
alcohol users said it
impacted missing
doses. 60% used
memory techniques or
devices to promote
adherence. 87%
recently engaged in
CAI.

Strauss et al.,
2017

USA Examine PrEP
use among
racially diverse
YMSM

N 5 759; via HIV
services/
organizations, social
media

2013–2015 Cross
section

Fair A: Reasons for starting
on PrEP: 38% sex with
multiple partners, 33%
had unprotected sex,
21% had sex with
unknown HIV status
partners.
B: 9%usedPrEP in the
previous 3 months.
C: 40% had not
changed condom use
and 35% were less
likely to use condoms.

Tan et al.,
2016

Canada Examine
routine mental
health
screening
among MSM
PrEP users

N 5 32; MSM via
infectious disease
service

2014 Cohort Poor B: 16% previously
used PrEP. Median
number of sex
partners in the last 6
months was 13.5.
37% had problematic
alcohol use and 34%
had problematic drug
use. 41% had current
mental health
condition; 40%
screened positive for
depression.

Taylor et al.,
2014

USA Collect data on
behavioral
intervention to
improve PrEP
adherence

N 5 39; participants
from PrEP trial and
MSM venues

2012 Qualitative Not
applicable

A: Participants said
PrEP could free them
from having to use
condoms.
B: PrEPusers reported
more sex partners and
CAI in the previous 3
months than non-
PrEP users. Alcohol
use, mentally ill health,

(continued on next page)
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recruitment techniques, with varied attempts to ensure
representativeness. For example, some studies specifi-
cally recruited youngMSM (YMSM) or minority racial/
ethnic MSM, and the location of recruitment in some
studies was primarily gay-centric venues. PrEP preva-
lence estimates ranged from 0% in a U.S. study con-
ducted in 2004 to 12% in aU.S. study conducted in 2014
(Chen, Snowden, McFarland, & Raymond, 2016;
Goedel, Halkitis, Greene, Hickson, & Duncan, 2016a).
Five U.S. studies collected data prior to 2012 and

reported a PrEP prevalence estimate range of 0%–1.5%
(Chen et al., 2016; Hood et al., 2016; Liu et al., 2008;
Patrick et al., 2017; Rucinski et al., 2013). Fourteen U.S.

studies conducted during or after 2012 identified
a prevalence range of 1.5–12%, although themajority of
the higher estimates (9–12%) came from five studies that
collected data in 2015 (Bauermeister, Meanley, Pingel,
Soler, & Harper, 2014; Eaton et al., 2017; Goedel,
Halkitis, Greene, & Duncan, 2016b; Goedel et al.,
2016a; Gupta, Lounsbury, & Patel, 2017; Holloway
et al., 2017; Hoots, Finlayson, Nerlander,& Paz-Bailey,
2016; Klevens et al., 2017; Kuhns, Hotton, Schneider,
Garofalo, & Fujimoto, 2017; Mayer et al., 2016; Old-
enburg et al., 2016; Snowden, Chen, McFarland, &
Raymond, 2017; Strauss et al., 2017). The highest esti-
mate of approximately 12% from two studies included

Table 2. (continued)

Author Country Aim Sample
Data
Collection Design

Quality
Rating Key ABC Findings*

medication cost, and
stigma of HIV
medication could
impact adherence.

Volk et al.,
2015

USA Examine
characteristics
of PrEP users
and patterns of
use

N5 801; attendees of
medical center

2012–2015 Cohort Good A: PrEP initiators
reported more sex
partners than
noninitiators.
B: 99%of samplewere
MSM. After 1 year,
50% were diagnosed
with an STI.
C: After 6 months of
PrEP, 74% did not
change the number of
sex partners, 15%
decreased and 11%
increased; 56% did
not change level of
condom use, 41%
decreased and 3%
increased.

Zablotska
et al., 2013

Australia Describe the
use of ARVs
before
unprotected
sex among
MSM

N5 3,677; viamultiple
gay venues and STI
clinics

2011 Cross
section

Fair A: No difference in
PrEP use among
varying ages.
B: 2.5% had used
ARVs before sex to
prevent HIV infection,
of whom, 66% took
ARVs after sex.

Note. ABC 5 antecedent, behavior, and consequence; AI 5 anal intercourse; ARVs 5 antiretrovirals; CAI 5 condomless anal
intercourse; HCP 5 health care providers; MSM 5men who have sex with men; PEP 5 postexposure prophylaxis; PrEP5
preexposure prophylaxis; RCT5 randomized controlled trial; STI5 sexually transmitted infection; TGW 5 transgender women;
YMSM 5 young men who have sex with men.
* Definitions: A: predictors that may occur before PrEP use (antecedents); B: processes and factors involved in PrEP use (behavior); C:
factors that may be outcomes of PrEP use (consequences).
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one small sample recruited via an MSM geosocial net-
working application and the other was a sample of
YMSM (,30 years of age; Goedel et al., 2016a; Kuhns
et al., 2017). With the exception of these studies, the
2015 estimated range of PrEP prevalence was approxi-
mately 9–10%. It appeared thatMSM samples reported
increasing use of PrEP followingU.S. approval of PrEP in
2012 and guidelines for high-risk groups in 2014.

Studies from France, Australia, and Switzerland
reported a prevalence estimate range of 2–5% (Castro
et al., 2017;Hampel et al., 2017;Zablotska et al., 2013).
Data collection dates in these studies ranged from 2011
to 2017, but the two more recent studies (2014–2017)
fromWestern Europe reported a range of 4–5% (Castro
et al., 2017; Hampel et al., 2017). The Australian study
in 2011 found that 2.5%of theMSM sample were using
PrEP (Zablotska et al., 2013). However, this study may
not be generalizable to widerMSMpopulations because
it recruited men from gay venues/events and sexual
health clinics.Due to limited evidence, itwasnot possible
to determine the precise prevalence of PrEP use among
MSM outside of the United States.

Sociodemographics of Men Who Have Sex With
Men Preexposure Prophylaxis Users

Twenty-seven studies reported or examined key socio-
demographics of MSM who were using or had pre-
viously used PrEP. ThemajoritywereU.S. studies,which
consisted of different designs: cross section to RCT.
Sixteen studies did not recruit samples of a specific age
and reported a median or mean age of PrEP users from
27 to 42 years (Arnold et al., 2017; Chan et al., 2016a;
Collins, McMahan, & Stekler, 2017; Gilmore et al.,
2013; Gupta et al., 2017; Hojilla et al., 2016; Marcus
et al., 2016;Mayer et al., 2017;McCormack et al., 2016;
Molina et al., 2015; Montgomery et al., 2016; Old-
enburg et al., 2017; Parker et al., 2015; Storholm, Volk,
Marcus, Silverberg, & Satre, 2017; Volk et al., 2015).

Three studies reported that no age was significantly
associated with PrEP use (Hoots et al., 2016; Strauss
et al., 2017; Zablotska et al., 2013), but two U.S. studies
identified PrEP use as more common in older men
(Doblecki-Lewis et al., 2017; Snowden et al., 2017).
These two studies may be limited in generalizability to
the PrEP-using population because they had relatively
small samples. From the evidence, PrEPuse peaked in the
late 20s to early 40s but was used across all ages.

Nineteen studies provided a breakdown of race/
ethnicity; 13 of these studies reported that most partic-
ipants were White (Chan et al., 2016a; Chan et al.,
2016b; Collins et al., 2017; Doblecki-Lewis et al., 2017;

Gilmore et al., 2013; Hojilla et al., 2016; Kuhns et al.,
2017; Marcus et al., 2016; Mayer et al., 2017; McCor-
mack et al., 2016; Montgomery et al., 2016; Oldenburg
et al., 2017; Parker et al., 2015). Two U.S. studies
reported that Whites were more likely to use PrEP
compared to other races/ethnic groups (Hoots et al.,
2016; Snowden et al., 2017). A study from the United
States identified Black race as negatively associated with
PrEP use (Kuhns et al., 2017), although this study only
focused on YMSM. In contrast, an Australian study
reported that minority racial/ethnic groups were more
likely to use PrEP than Whites (Zablotska et al., 2013)
and another U.S. study of YMSM reported that race/
ethnicitywas not associatedwith PrEP use (Strauss et al.,
2017). In comparison, Strauss et al. (2017) had a sample
size of 759, andZablotska et al. (2013) had a sample size
of 3,677. Overall, population representative evidence
base was limited, and it was not possible to determine if
there was an association between race/ethnicity and
PrEP use.

Reasons and Motivators for Preexposure
Prophylaxis Initiation

Twelve studies examined MSM reasons for starting
PrEP.One studywas anRCTand the primary reason for
being involved in the study was to provide something
meaningful back to the community (Gilmore et al.,
2013). As this study was a trial, it may not help to un-
derstand key motivators for PrEP use. Three studies
found that people started PrEP because they had or
would be having multiple sex partners (Arnold et al.,
2017; Holloway et al., 2017; Strauss et al., 2017), and
four studies reported that a motivator for some MSM
was that they had previously had orwould have sexwith
partners whose HIV status was unknown or positive
(Chan et al., 2016a; Holloway et al., 2017; Kuhns et al.,
2017; Strauss et al., 2017). Two studies found that
a history of having CAI or inconsistent condom use was
associated with PrEP uptake (Collins et al., 2017; Kuhns
et al., 2017); another study found that some men used
PrEP because it allowed them to not use condoms
(Taylor et al., 2014).
Five studies found that a centralmotivator for starting

PrEP was to remove the anxiety of contracting HIV
(Hojilla et al., 2016; Holloway et al., 2017; Hosek et al.,
2013;Malone et al., 2017;Mimiaga,Closson,Kothary,&
Mitty, 2014), but one U.S. study found no factors signifi-
cantly associatedwith initiating PrEP (Chan et al., 2016b).
The evidence suggests that planned high-risk sexual
behaviors and removing anxiety related to contracting
HIV motivated MSM to start PrEP.
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Sexual Behavior

Twenty-seven articles, the majority of which were from
the United States, examined aspects of high-risk sexual
behavior. Eight studies reportedCAI rates for PrEP users
(27–87%; Castro et al., 2017; Gilmore et al., 2013;
Goedel et al., 2016b;Gupta et al., 2017;Holloway et al.,
2017; Hosek et al., 2017; Parker et al., 2015; Storholm
et al., 2017). The lowest rate (27%)was in a studywhere
the majority of participants had a main partner (Castro
et al., 2017); with the exception of this study, the CAI
range was 40–87%.
Five studies,which examined changes inCAIbehavior

after participants had started PrEP, reported no increase
in rates of CAI or changes in condom use (Hojilla et al.,
2016; Hosek et al., 2013; Liu et al., 2013; Molina et al.,
2015; Parker et al., 2015). However, three studies (two
RCTs and one open label) reported increases in the fre-
quency of CAI, and in two studies, CAI was specifically
receptive (McCormack et al., 2016;Molina et al., 2017;
Oldenburg et al., 2017).McCormack et al. (2016) found
that the increase in receptive CAI occurred only in par-
ticipants who reported more than 10 sexual partners.
However, six studies that examined PrEP use over dif-
ferent time frames reported that PrEP initiation did not
lead to an increased number of sex partners for the ma-
jority of participants (McCormack et al., 2016; Molina
et al., 2015;Molina et al., 2017; Oldenburg et al., 2017;
Parker et al., 2015; Volk et al., 2015). Two U.S. studies
found that following PrEP initiation, 35–41% of the
sample reported decreased use of condoms, whereas
3–27% reported increased use of condoms (Strauss
et al., 2017; Volk et al., 2015).
Four studies reported that PrEP usersweremore likely

to have more sex partners than non-PrEP users (Goedel
et al. 2016b; Goedel et al. 2016a; Holloway et al., 2017;
Okafor, Gorbach, Ragsdale, Quinn,& Shoptaw, 2017).

Four studies found that PrEP users were more likely to
have sex with partners living with HIV than non-PrEP
users (Holloway et al., 2017; Kuhns et al., 2017; Okafor
et al., 2017; Taylor et al., 2014).OneU.S. study reported
thatMSMwho engaged inCAIwith partners livingwith
HIV were five times more likely to use PrEP than those
who did not have CAI with men living with HIV (Hoots
et al., 2016).

The evidence for risk compensation (increases in high-
risk sexual behaviors) and the number of sexual partners
after starting PrEP was mixed. The evidence did indicate
that PrEP usersmay have hadmoreCAI and sex partners
than non-PrEP users, including men living with HIV.
However, this was expected because CAI and partner
numbers were criteria for being offered PrEP.

Sexually Transmitted Infections

Fourteen studies reviewed STIs inMSMwho used PrEP.
Nine studies reported an overall STI incidence estimate
for PrEP users, which ranged from 20% to 66% (Bien,
Patel, Blackstock, & Felsen, 2017; Chan et al., 2016b;
Doblecki-Lewis et al., 2017; Hosek et al., 2017; Liu
et al., 2016; Marcus et al., 2016; McCormack et al.,
2016;Molina et al., 2015; Volk et al., 2015). The lowest
rate (20%) was from a U.S. study with a relatively small
number of PrEP users and 66% was from a study of
YMSM.Only six studies examined specific STIs, and the
majority identified the most common infections as
chlamydia and gonorrhea (Daughtridge, Conyngham,
Ramirez, & Koenig, 2015; Deutsch et al., 2015; Hosek
et al., 2013; McCormack et al., 2016; Molina et al.,
2015; Molina et al., 2017; Volk et al., 2015). The wide
range of STI incidence reflected heterogeneity of study
populations, but all found a high STI burden inMSM at
high risk of HIV acquisition.

Figure 2. ABCsummary of findings.Note.ABC5antecedent, behavior, andconsequence;CAI5condomless anal intercourse;MSM5menwhohave
sex with men; PrEP5 preexposure prophylaxis; YMSM5 young MSM.
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Hoots et al. (2016) found that MSM who had been
diagnosed with an STI in the previous year were more
likely to use PrEP than those who had not had an STI in
the previous year, but this finding should be expected
because an STI in the previous year was a clinical in-
dicator for PrEP. Another U.S. study reported that STI
diagnosis in the previous year was associated with PrEP
use (Holloway et al., 2017).AU.S. cohort study reported
that 1 year after PrEP initiation, diagnosis of urethral
gonorrhea and rectal chlamydia increased, but all other
STIs/sites remained stable (Marcus et al., 2016).Another
U.S. cohort study reported that following PrEP initia-
tion, overall STI incidence at 6 months was 30% and
increased to 50% at 12 months (Volk et al., 2015). Co-
hort studieswere limited by not having control groups to
determine if STI increases were directly related to PrEP
use. In contrast, two RCTs, which analyzed the efficacy
of PrEP, reported that during study follow-up, PrEP and
control groups showed no significant differences in STI
rates (McCormack et al., 2016;Molina et al., 2015). The
evidence suggests that MSM using PrEP had a high
burden of other STIs, but there was limited evidence to
suggest that PrEPuse increasedor reduced STI incidence.

Preexposure Prophylaxis Adherence

Eleven studies examined levels of PrEP adherence, using
single- or combined-monitoring methods, ranging from
self-report to blood tests. Ten studies examined contin-
uous dosing regimens, in which adherence was defined
as taking four or more pills per week. Four studies
monitored PrEP levels via blood tests and reported that
24 weeks after staring PrEP, 20–84% of the sample had
drug levels equivalent to four or more pills per week
(Hosek et al., 2013, 2017; Liu et al., 2016; Mayer et al.,
2017). Two of these studies reported that 48 weeks after
starting PrEP, 34–80%of the sample had adequate drug
levels (Hosek et al., 2017; Liu et al., 2016). The studies
that reported lower adherence levels of 20–55%atWeek
24, and 34% at Week 48, only examined PrEP use in
YMSM (Hosek et al., 2017; Hosek et al., 2013). In
contrast, the two studies that had nonspecific age sam-
ples reported an adherence level of more than 80% at
Week 24 (Liu et al., 2016; Mayer et al., 2017).

Six studies used self-report to monitor PrEP use, in
which three reported overall adherence of 80–90%
(Chan et al., 2016b; Daughtridge et al., 2015; Liu et al.,
2016). A study that examined potential and actual use of
PrEP in the cycle of change found that 98%of the sample
using PrEP reported taking more than four doses per
week (Parsons et al., 2017). Two studies reported that at
6 months of PrEP use, participants reported taking

20–27 daily doses in the previous 30 days (Hosek et al.,
2013; Montgomery et al., 2016). In contrast, Storholm
et al. (2017) reported that after using PrEP for 3months,
their sample had taken 5.5 doses a week on average.
Three studies used pill counting as a monitoring mech-
anism and reported an adherence level of 80–92% (Liu
et al., 2016; Marcus et al., 2016; Mayer et al., 2017).
Two studies used two or more monitoring strategies

and found that an adherence level ofmore than80%was
consistent between self-report and blood testing (Liu
et al., 2016; Mayer et al., 2017). However, Hosek et al.
(2013) found that participants reported high adherence
levels, but blood monitoring indicated that a small mi-
nority had adequate drug levels to evidence effective
adherence. Studies showing consistent adherence had
generalized MSM samples; inconsistent reporting was
found in studies of YMSM ages 18–22 years.
Only three articles examined episodic PrEP dosing.

Recommendeddosing in these studieswas twopills 2–24
hours before sex, a third pill 24 hours after the first dose,
and a fourth pill 24 hours later. Two studies reported
that about half fully adhered and one-quarter partially
adhered to the regimen (Molina et al., 2015; Molina
et al., 2017). Molina et al. (2015) reported that 28% of
their sample used 15 pills per month on average. In
contrast,Molina et al. (2017) reported that 70%of their
sample had detectable drug levels 6months after starting
PrEP. Sagaon-Teyssier et al. (2016) found that 59% of
their sample fully adhered to the dosing schedule; 41%
used a suboptimal dosing regimen. In contrast, Molina
et al. (2017) reported that 9%of their sample did not use
PrEP consistently at their last sexual encounters. The
majority of episodic PrEP users adhered to the regimen,
but the evidence was not as strong as for continuous
regimens.
Fourteen studies examined biopsychosocial factors

that could affect adherence; the majority of evidence
came from continuous regimens. Six studies examined
patient-related lifestyle factors. Two found that 27–47%
of participants forgot to take pills because of busy
schedules and 28–50% simply forgot to take some doses
(Hosek et al., 2013, 2017). Three studies reported that
27–60% of participants did not take doses when away
from home (Gilmore et al., 2013; Hosek et al., 2013,
2017). Three studies examined elements of substance
use; two reported that alcohol use had a negative impact
on PrEP adherence (Storholm et al., 2017; Taylor et al.,
2014), and two reported that stimulant drugs were re-
lated to nonadherence (Oldenburg et al., 2016; Storholm
et al., 2017).
A study from Canada examined mental health and

substance use in men being processed for initial PrEP
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consultation and reported problematic alcohol use
(38%), problematic drug use (35%), and/or a mental
health diagnosis (41%; Tan, Leon-Carlyle, Mills, Moses,
&Carvalhal, 2016).One study reported that symptoms of
depression in participants contributed to missed doses of
PrEP (Taylor et al., 2014). In contrast, five studies stated
that a fundamental reason to use PrEP was to remove the
fear of contracting HIV (Hojilla et al., 2016; Holloway
et al., 2017; Hosek et al., 2013; Malone et al., 2017;
Mimiaga et al., 2014). Overall, mixed factors were related
to individual PrEP user adherence.
Five studies examined social and economic factors and

reported that participants had a fear of being stigmatized
by social supports if they knew the participant was on
PrEP (Arnold et al., 2017; Collins et al., 2017; Hosek
et al., 2017; Storholm et al., 2017; Taylor et al., 2014).
One study reported fear of being judged as promiscuous
by community peers (Collins et al., 2017). Storholmet al.
(2017) stated that 10% of their sample had experienced
stigma from other gay men because of using PrEP. In
contrast, Hosek et al. (2017) reported that only 2.5% of
their sample hadmissed doses because they did not want
others to know they were taking PrEP.
Three U.S. studies reported that lack of affordable

health care was a barrier for some men (Chan et al.,
2016b; Doblecki-Lewis et al., 2017; Taylor et al., 2014).
Three studies reported that some of participants had
reservations about discussing PrEP use with health care
providers for fear of stigma associated with risky sexual
behavior and HIV medication (Collins et al., 2017;
Eaton et al., 2017; Taylor et al., 2014). The evidence
indicated that fear of stigma from peers, health care
providers, and health care barriers impacted PrEP up-
take, but evidence was limited related to its influence on
PrEP adherence.
Five studies examined the impact of side effects on

PrEP adherence. Three reported that up to 11% of their
samples experienced side effects when taking PrEP (Liu
et al., 2016; McCormack et al., 2016; Molina et al.,
2017). McCormack et al. (2016) reported that 8% of
their sample missed doses due to side effects, most
commonly nausea andheadache.AU.S. studyofYMSM
reported that 4.5% of the sample intentionally missed
doses to avoid side effects (Hosek et al., 2017). In con-
trast, Arnold et al. (2017), in a small sample, found that
a majority of participants had no side effects from PrEP,
and only two missed doses because of potential side
effects. Overall, the evidence suggests that adherence
was affected by side effects in a minority of PrEP users
but particularly in YMSM.
Six studies examined factors that facilitated optimal

adherence to PrEP. Three reported an established daily

routine as one of the most effective facilitators for ad-
herence (Gilmore et al., 2013; Parker et al., 2015; Taylor
et al., 2014); two found that being on other medications
facilitated daily doses of PrEP (Gilmore et al., 2013;
Taylor et al., 2014). Six studies examined adherence
prompts and props: three studies reported that the use of
prompts (e.g., daily texts, alarms) improved adherence
(Parker et al., 2015; Storholm et al., 2017; Taylor et al.,
2014), and three found that some PrEP users found pill
boxes useful (Gilmore et al., 2013; Parker et al., 2015;
Storholm et al., 2017), but Gilmore et al. (2013) also
reported that some participants did not find pill boxes
helpful.

Sagaon-Teyssier et al. (2016) found that PrEP, in
combination with other HIV prevention strategies, pro-
moted adherence to dosing regimens, and Raifman et al.
(2017) reported that a brief PrEP education intervention
resulted in a 150% increase in PrEP use compared to PrEP
awareness and previous PrEP use prior to education. An-
other facilitator was related by users who engaged in high-
risk sexual behavior and viewed PrEP as a “necessity” to
reduceHIV risk. The overall evidence did not indicate that
one specific factor that promoted optimal adherence, but
adherence prompts, structured adherence support, and
education might be beneficial.

Discussion

To our knowledge, this was the first systematic review to
analyze MSM PrEP use and medication adherence in
high-income countries. Other literature reviews (Huang
et al., 2018; Pinto, Berringer, Melendez, & Mmeje,
2018; Sidebottom, Ekstrom, & Stromdahl, 2018;
Traeger et al., 2018;Young&McDaid, 2014) examined
PrEP efficacy, sexual behavior, and medication adher-
ence but did not provide in-depth behavioral analyses of
PrEP use among MSM.

We used the ABC framework (Meaden et al., 2014) to
structure and synthesize evidence of behavioral pro-
cesses in MSM PrEP use. The main strength of this ap-
proach was that it allowed a wide range of complex
evidence to be synthesized into a three-stage process.
Sexual behavior was congruent with the three ABC
stages. Men who initiated PrEP used it as an additional
HIV risk reduction strategy and engaged in varied high-
risk sexual behaviors (antecedents). Following PrEP
initiation, users were likely to continue high-risk sexual
activity (behaviors) in comparison to nonusers. There
was mixed evidence on whether PrEP initiation was
substantially associated with risk compensation, but
some MSM subgroups saw PrEP as an opportunity to
reduce consistent condom use (consequences).
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The evidence for changes in sexual behavior (risk
compensation) following PrEP use is complex. As in
a systematic reviewof PrEP efficacy (Huang et al., 2018),
we did not find consistent increases in sex partners or
CAI, and there was a lack of evidence to indicate an
increase in STI diagnoses. However, another systematic
review concluded that PrEP use was associated with in-
creased sex without condoms and diagnoses of STIs,
particularly a significant increase in rectal chlamydia
(Traeger et al., 2018).

Two studies in our review suggested that there were
increases in higher risk behaviors in a subgroup of PrEP
users. Overall, this reflected limitations in assessing
changes in sexual behavior in observational studies.
First, PrEP userswere likely to engage in high-risk sexual
activity prior to PrEP initiation and to continue those
behaviors. Second, before and after, observational
studies cannot control for secular change and social de-
sirability biases in reportinghigh-risk behaviors onor off
PrEP. Further research is required to investigate if risk
compensation and STI diagnosis are associated with
PrEP uptake.

We found that aminority (,10%)ofMSMwere using
PrEP, but this was with limitations in nonrepresentative
samples with clear geographic heterogeneity in PrEP use
and mixed quality. There was a lack of substantive data
on the population level ofMSMPrEP use in high-income
countries, and studies examining prevalence estimates
were limited by heterogenous sampling.

A systematic review of PrEP implementation in the
United States found health care system barriers affecting
uptake, including PrEP-related stigma and financial ca-
pability, whichwas nonequitable across races/ethnicities
(Pinto et al., 2018). This study was congruent with
findings in our review, but we found challenges when
engaging youngand racial/ethnicminorityMSMinPrEP
uptake and adherence. The barriers for YMSM are of
concern if they have limited financial capability to pay
for PrEP and if the health care system limits PrEP pro-
vision. There is a need to systematically monitor HIV
incidence, PrEP uptake, and retention disaggregated by
age and race/ethnicity in different geographic settings.
This should be coupledwith well-designedMSM studies
to ensure equitable access to PrEP.

A systematic review found that MSM PrEP users of
continuous and episodic dosing regimens had high levels
of medication adherence (Sidebottom et al., 2018),
which was consistent with our findings. However,
a limited evidence base suggested that substance users
and those withmental health diagnosesmay have higher
levels of nonadherence. Substance use by MSM is par-
ticularly important, as gay and bisexual men are three

times more likely to use illicit drugs than heterosexuals
(Office forNational Statistics, 2014). In particular, there
are growing concerns about MSM who combine drugs
with sex (Maxwell, Shahmanesh, & Gafos, 2019).
Chemsex is the intentional use of psychoactive drugs

to facilitate or enhance sex. A systematic review reported
that up to 13% of MSM engaged in chemsex, which
often results in high rates of CAI, multiple sex partners,
partners of unknownHIV status, and injecting drug use
(Maxwell et al., 2019). In a study of intended PrEP use,
chemsex participants reported that their drug use would
negatively impact PrEP adherence and choice of dosing
regimen would depend on the frequency of drug use
(Closson, Mitty, Malone, Mayer, & Mimiaga, 2018).
The use of PrEP by substance users may be a viable HIV
risk reduction strategy, but further research is required
to examinePrEPuse in substance users and the impact on
adherence. Overall, further investigations are needed to
explore PrEP medication adherence in specific MSM
populations.
To overcome barriers to adherence, it is important to

examine what influences nonadherence. A systematic
review of non-PrEP medication adherence in uninfected
MSM reported that about 80% adhered to their medi-
cations, but barriers included forgetting, being away
from home, and changes in daily routine (Liu et al.,
2014); their findings were consistent with our study,
which found high adherence levels, but that daily logis-
tics contributed to nonadherence.
A specific influence for PrEP adherence was the user’s

perception of stigma from community peers and health
care providers. A systematic review from the United
States reported that potential health care provider
stigma related to HIV, PrEP, and same-sex behavior
could keep high-risk individuals from starting PrEP
(Pinto et al., 2018). Our findings were similar to those of
Liu et al. (2014), who found that an established daily
routine and pill boxes could promote adherence. How-
ever, limited research has examined facilitators of PrEP
adherence in high-risk MSM.

Strengths and Limitations

Our review was strengthened by a clear search protocol
and well-established frameworks to structure and ana-
lyze the wide array of evidence. Use of the ABC frame-
work provided a clear and simple model to understand
behavioral processes ofMSM PrEP use. Our reviewwas
limited by a lack of clear sampling frameworks and the
heterogenous nature of samples across studies. In addi-
tion, we only included studies that were fully published
in English.
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Research Recommendations

To better understand PrEP use by MSM in high-income
countries, research in the following areas is recom-
mended: (a) examine prevalence estimates and patterns
of PrEP use by age and race/ethnicity in different coun-
tries to ensure equitable access; (b) examine changes in
sexual behavior and diagnosis of STIs after PrEP initiation;
and (c) explore barriers and facilitators for PrEP uptake
and adherence in high-risk MSM. As PrEP is an effective
HIV risk reduction strategy and increasingly available in
high-income countries, research in these areas would pro-
vide a foundation for evidence-based policy.

Conclusion

Aminority ofMSM in high-income countries used PrEP,
but it appears to have increased in line with increasing
availability.MSMwho used PrEPweremore often those
who engaged in high-risk sexual behavior, but some
users changed sexual behavior as a result of starting
PrEP. MSM had high medication adherence levels, but
specific high-risk groups had a lower uptake, were less
adherent, and might have been at higher risk of HIV
acquisition. As PrEP is increasingly available, it is im-
portant to understand what facilitates PrEP uptake and
supports adherence forMSM at higher risk of acquiring
HIV. Finally, there is a specific need for research to ex-
plore episodic use of PrEP.
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