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Abstract

Men who have sex with men (MSM) often change sexual behaviors following HIV diagnosis. This systematic review exam-
ined such changes, including sero-adaptive behaviors (i.e., deliberate safer-sex practices to reduce transmission risk) to better
understand the magnitude of their association with HIV diagnosis. We searched four databases (1996-2017) and reviewed
references from other systematic reviews. We included studies conducted in the United States that compared sexual behavior
among HIV-infected “aware” versus “unaware” MSM. We meta-analytically pooled RRs and associated 95% confidence
intervals (CI) using random-effects models, and assessed risk of bias and evidence quality. Twenty studies reported k=131
effect sizes on sexual practices outcomes, most of which reported changes in unprotected sex (k=_85), and on sex with at-risk
partners (k=76); 11 reported sero-adaptive behaviors. Unprotected anal intercourse with an HIV-uninfected/unknown-status
partner was less likely among aware MSM (insertive position: k=2, RR 0.26, 95% CI 0.17, 0.41; receptive position: k=2,
RR 0.53,95% C10.37, 0.77). Risk of not always serosorting among aware MSM (k= 3) was RR=0.92 (0.83, 1.02). Existing
evidence, although low-quality, suggests that HIV-infected MSM tend to adopt safer sexual practices once aware of their
diagnosis. Variation in reporting of outcomes limits their comparability. Sero-adaptive behavior data are sparse.

Keywords HIV diagnosis - Sero-adaptive behaviors - Systematic review - Men who have sex with men

Introduction

Men who have sex with men (MSM) are the group at great-
est risk for HIV infection in the United States (US), com-
prising more than half of known cases of HIV and an even
greater majority (67%) of new HIV infections, according to
current surveillance data [1]. Thus, effective HIV prevention
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strategies targeting MSM are critical to addressing the
national burden of HIV. Advances in biomedical HIV pre-
vention strategies stand to protect anyone at risk but in the
absence of ideal adherence and efficacy, behavior change
remains essential to successful prevention: while uptake of
pre-exposure prophylaxis (PrEP) has increased [2], PrEP
coverage among MSM at risk of HIV infection is 35-63%
[2, 3]. Further, even though antiretroviral therapy (ART) can
lead to viral suppression that essentially eliminates transmis-
sion risk [4], risk of HIV persists for the many MSM who
do not enter treatment right away (28% in 2017) [5] and
among those who do not maintain viral suppression [6]. In
a recent analysis, only 48.4% of people living with HIV for
more than one year in the US were found to have sustained
viral suppression [7]. Thus, the ability to make sexual risk
decisions based on knowledge of one’s HIV status is a neces-
sary component to interrupting HIV transmission. Similarly,
understanding post-diagnosis behavior-change provides crit-
ical insight to prevention-strategy planning.
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Research has documented a reduction in risky sexual
behavior among MSM newly diagnosed with HIV [8, 9].
This includes adopting or increasing standard safer sex prac-
tices in general (e.g., condom use, abstinence, etc.) as well
as considering a partner’s HIV status when making sexual
risk decisions. Some research has examined the practice and
community recognition of “sero-adaptive” behaviors among
MSM who choose less-risky sexual behaviors with HIV-
uninfected partners. This includes “serosorting”—Ilimiting
sexual partners to people with concordant HIV status—and

“sero-positioning” (also called “strategic positioning”)—
where HIV-infected MSM adopt the riskier, receptive role
in anal sex with partners who are HIV-uninfected [10-13].
Substantially more research has investigated MSM sexual
activity by partner’s HIV status but without considering
specifically sero-adaptive practices. All of these research
domains contribute to understanding HIV transmission
dynamics among MSM, with sero-adaptive categories pro-
viding the greatest specificity. Figure 1 illustrates the catego-
rization of and relationships among these various behaviors.

Reported Sexual Behaviors Among Men who Have Sex with Men, who Become Aware of HIV Diagnosis

Sexual Acts

Number of sex partners*

Number of sex acts*

Insertive anal intercourse (IAl)

Receptive anal intercourse (RAI)

Withdrawal before ejaculation

Serosorting ‘
- Sex only with sero-concordant partner |

Condom serosorting
Unprotected sex only with sero-concordant
partner, condom use with at-risk partner

Unprotected anal
intercourse (UAI
Unprotected insertive
anal intercourse (UIAl) ‘
Unprotected receptive
anal intercourse (URAI)

Sero-positioning
IAl only with sero-concordant partner

Condom sero-positioning
| UlAl only with sero-concordant partner, condom
use with at-risk partner**

Oral sex sero-sorting ‘
| UAl only with sero-concordant partner, oral sex
| with at-risk partner
‘ Encouraging HIV-uninfected partner ‘
to take pre-exposure prophylaxis (PrEP) ‘

‘ Using viral load to inform
risk decisions [

Footnotes

*Continuous variables
**At risk partner: Sero-discordant or HIV status unknown to study participant

Studies report the above behaviors using differing units of measurement including: any occurrence of relevant sexual activity during recall period (e.g., any
unprotected sex with a partner at risk during last 3 months); number of partners or number of sex acts during recall period; risk during last sexual episode
(e.g., unprotected sex with an HIV-uninfected partner at last sex); risk by sexual dyad (e.g., last partner HIV-uninfected or percentage of partners who were

HIV-infected).

Studies stratify data on the above behaviors in various ways, including one or a combination of: Partner HIV status, follow-up interval, respondents'
antiretroviral therapy status (may be further stratified by viral suppression status); time since HIV diagnosis; and demographics (e.g., age, race, ethnicity,

etc.).

Fig. 1 Eligible outcomes for review of changes in sexual practices of men who have sex with men who became aware of HIV diagnosis in the

United States
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A comprehensive understanding of the effect of HIV
diagnosis on sexual risk behavior change must consider
sero-adaptive behaviors along with other safer sex practices.
Previous systematic reviews have studied serosorting among
MSM receiving negative HIV-test results, but not positive
results [14, 15]. Other reviews, including one of our own,
have examined change in condom use among various groups,
including MSM, after receiving an HIV diagnosis [8, 16, 17]
but none have specifically analyzed all sero-adaptive and
safer-sex behaviors among HIV-infected MSM. Here, we
evaluate and present the evidence base for the effect of HIV
diagnosis on all sexual risk behaviors among MSM in the
US, with meta-analysis where sufficient data were available.

Methods

This review was based on methods of the Cochrane Col-
laboration [18]. We developed and followed a protocol we
registered in the PROSPERO International Prospective Reg-
ister of Systematic Reviews (CRD42018085282) [19]. We
followed Preferred Reporting Items for Systematic Reviews
and Meta-Analyses (PRISMA) guidelines for reporting [20].
We used the Grading of Recommendations Assessment,
Development and Evaluation Guideline (GRADE) tool to
assess evidence quality by outcome across the literature [21].

Study Eligibility

We included studies conducted in the US that compared sex-
ual risk behaviors of HIV-infected adult or adolescent MSM
aware of their infection versus MSM who were unaware of
their infection. Study populations could be of any antiretro-
viral therapy (ART) status. We excluded studies with data
collection completed before 1996, when triple-ART regi-
mens became widely available in the US.

We included any study designs that clearly indicated tim-
ing of HIV diagnosis and assessment of outcomes to allow
pre- and post-HIV diagnosis comparisons. We included
studies that either compared HIV-infected aware MSM vs.
HIV-infected but unaware MSM (between-group compari-
son), or compared HIV-infected MSM before knowledge of
diagnosis vs. after receiving diagnosis (within-group com-
parison). We excluded studies that did not report quantita-
tive epidemiological data (e.g., modeling) or were not rig-
orously peer-reviewed (e.g., unpublished data, conference
proceedings).

Eligible studies could report on ways HIV-infected MSM
changed their sexual behavior to account for a partners’
HIV status or on change in sexual behavior overall, which
might reflect deliberate efforts to reduce risk but could be
due to other factors (e.g., reduced sexual activity due to
depression). Figure 1 illustrates eligible outcomes and their

interrelationships. Sexual acts included in this review were
condom use (overall, for anal sex overall, or for anal sex by
role; reported as always using condoms or as the likelihood
of using a condom based on condom use reported at last
sex), any sex (also reported as abstinence), oral sex, anal sex
(overall or by sexual role), withdrawal before ejaculation,
number of partners, and number of sex acts.

For the purpose of this review, we defined sero-adaptive
behaviors (as opposed to ‘general sexual acts’) when out-
comes were measured in a way that could explicitly cap-
ture deliberate risk reduction including: serosorting (sex
exclusively with sero-concordant partners), seropositioning
(anal sex with serodiscordant partners with the HIV-infected
partner exclusively in the receptive role), condom serosort-
ing or condom seropositioning (where unprotected sex was
restricted as above, but was not necessarily restricted when
condoms were used), and oral sex serosorting (where anal
sex was restricted as above, but oral sex was not necessar-
ily restricted). We also regarded as sero-adaptive outcomes:
(a) the encouragement of an HIV-uninfected partner to take
PrEP by an HIV-infected partner or (b) basing sexual deci-
sions on viral load.

Searches and Screening

We searched PubMed, Embase, PsycInfo, and Web of Sci-
ence databases using keywords for study design, sexual risk
behaviors, MSM populations, and HIV (Supplemental digi-
tal content A). The search period for all databases was Janu-
ary 1, 1996-January 15, 2018. We also reviewed references
in included papers to identify additional studies. Finally,
we included studies from Malekinejad et al. 2021 [16], our
recently-completed review on condom use behavior among
newly-HIV diagnosed people of any risk group when those
studies met the criteria for this review.

We imported all primary records from the database
searches into EndNote software version X8 [22]. One
reviewer used the search function in EndNote to locate titles
with keywords that were likely irrelevant (e.g., “qualitative,”
“in-vitro,” see Fig. 2) and reviewed the titles and, if relevant,
the abstracts of those records. The two reviewers then inde-
pendently examined the remaining record titles and, if rel-
evant, abstracts and keywords. The first reviewer also sorted
records by study location and excluded studies performed
outside of the US. Reviewers resolved incongruent ratings
via discussion. They evaluated the full text of included stud-
ies independently. A third reviewer was available to resolve
disagreements and ambiguities.

Data Extraction and Standardization

We used a pre-structured data collection spreadsheet to
capture the following: study details (e.g., complete citation,

@ Springer
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Duplicate records removed (n = 1,296)

“Clearly irrelevant” records excluded based on title
screening in Endnote (n =1,117)

Records excluded based on title & abstract dual

\4

review (n =2,776)

Full-text articles excluded (n = 141)

No appropriate comparison group (n=72)
Control condition HIV-negative (n=21)

No reporting of outcomes by serostatus (n=13)

No outcomes of interest (n=10)

Document type (n=6)

No HIV-positive participants in analysis (n=5)

Not in US (n=4)

Captured in sister review (n=7)

Systematic review (n=1)

Lack of quantitative analysis (n=1)

Excluded during extraction due to lack of outcomes of
interest (n=1)

Studies from our sister review (n=12)

Primary studies (n=10)

Studies cited in a different systematic review (n=2)

260
Fig. 2 Identification and screen-
ing of citations: changes in
sexual practices of men who Records identified through database
have sex with men who became 5 searching (n = 5,338) —>
aware of HIV diagnosis in the £
United States E
S v
3
Records remaining after duplicates
removed (n = 4,042)
—
-1}
i<
'S v
o
g Full-text articles assessed for eligibility
(n=149)
—
2
E
i)
w
— A 4
Primary studies (n=8)
3
= Studies included in data synthesis (n=20) |4
2 !
Unique data points included in
descriptive synthesis (k=131) >

Unique data points included in meta-analysis
(k=63)

geographical setting, study design); descriptions of partici-
pants (e.g., age, sex, relevant demographic characteristics);
details of HIV testing and comparators (e.g., location and
means of HIV testing, HIV testing setting and context,
comparison type); outcome definitions and descriptions;
details of outcome assessment methods; recruitment meth-
ods and eligibility criteria; length of follow-up (time since
diagnosis); and data necessary for assessing risk of bias.
One reviewer extracted all data, which the second reviewer
subsequently reviewed and cross-checked against full-text
papers. The two reviewers discussed any disagreements and/
or consulted a third rater to adjudicate. When needed, they
contacted authors to obtain important missing information
from the reports.

Assessment of Risk of Bias and Quality of Evidence

Two reviewers independently applied criteria recommended
by the GRADE Working Group [21] for observational

@ Springer

studies: failure of study investigators to develop and apply
appropriate eligibility criteria; flawed measurement of expo-
sure and outcome; failure to adequately control confound-
ing; and inadequate follow-up. Each of these assessments
helped us determine the quality of evidence for each report
and outcome. Raters used a neutral third party to adjudicate
disagreements. The quality of evidence was rated as high,
unclear, or low based on risk of bias, indirectness, precision,
and consistency [21].

Data Analysis and Synthesis

For dichotomous outcomes, we calculated risk ratios (RR)
and 95% confidence intervals (CI). We used the Zhang and
Yu method [23] to calculate RR when studies reported odds
ratios (OR) for non-rare outcomes. When studies did not
report 95% CI, we calculated 95% CI from p-values or from
the number of persons with and without the outcome among
HIV-infected aware and unaware conditions. For continuous
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variables, we reported mean difference (MD) and standard
deviation (SD) or median and interquartile range (IQR)
between the two groups.

To facilitate comparability of findings, we report all
RR for undesirable behavior (e.g., unprotected sex instead
of condom use). Thus, RR <1 should be interpreted as
decreased risk of undesirable outcomes throughout this
review. When we identified two or more contextually com-
patible outcomes, we performed a meta-analysis using
Stata version 14.2 [24]. We used a random-effects model to
calculate the pooled effect sizes and 95% CI. We assessed
statistical homogeneity using the I? statistic, which reports
the overall variation among the pooled data due to hetero-
geneity, rather than change alone, as a percent value [18].
Because some outcomes combined data on partners who
were HIV-uninfected and of unknown HIV status [25], our
meta-analyses combine these into a single “partner at risk”
group; when studies reported separately on HIV-uninfected
and unknown-status partners, we prioritized data for HIV-
uninfected partners and report the pooled estimate using data
for unknown-status partners in a footnote. Where data were
available, we analyzed outcomes for participants on ART.
To estimate long-term effects, we pooled data reported for
intervals of 12 months or more; if studies reported multi-
ple long-term intervals, we included the longest interval in
meta-analysis.

Results
Descriptive Analysis
Study Screening Results

Our database search returned 4042 unique records, 3893 of
which were excluded on the basis of title and/or abstract.
We reviewed full text of the remaining 149 articles, and
excluded 140 articles that did not meet the inclusion crite-
ria. Of the remaining studies, one was a systematic review
that further informed our search. Data from the other eight
studies were included in our analysis. We also included data
from 12 additional studies reviewed in Malekinejad et al.
2021 [16], resulting in a total of 20 studies. See Fig. 2 and
Supplemental digital content B for details.

Characteristics of Included Studies

Of the 20 included studies, 13 were cross-sectional and
seven had pre-post designs, one of which analyzed and
reported data cross-sectionally. Data collection began as
early as 1987 [26] and as recently as 2016 [27]. Four studies
began prior to 1996. Two studies reported only approximate
data collection dates.

Only three studies reported on serosorting [28—30], and
one of these studies further differentiated between oral
serosorting (serosorting for anal and not oral sex) and con-
dom serosorting (serosorting for unprotected sex but not sex
with condoms) [29]. One study reported on seroposition-
ing, which was defined as seropositioning when not using
condoms [29].

We reported outcomes by three groups of partner type,
depending on the infected person’s knowledge of their part-
ner’s HIV diagnosis. These included: partners who were at
risk (n=11; HIV-uninfected or HIV status not known to the
HIV-infected partner), partners whose HIV status was not
specified by the authors (n=18), and partners who were both
HIV-infected (n=2).

Most (n=13) studies did not report ART uptake among
HIV-aware participants. Of those that did, median ART
coverage (at follow-up, if reported separately for baseline
and follow-up) was 75.8% (IQR 67.0-85.7%). Among pro-
spective cohort studies, follow-up intervals varied from one
month to eight years, although the two studies reporting
both follow-up intervals and ART coverage had follow-up
only at 12 months. Among seven cross-sectional studies that
reported on time between HIV diagnosis and time of the
sexual behavior in question, the median time interval was
nine months (IQR 6.0-12.0 months).

Characteristics of Effect Sizes

From 20 studies, we identified a total of k=131 eligible
effect sizes in our analysis (see Table 1 and Supplemen-
tal digital content C). We observed great variation in the
reported outcomes. Most (k=386, 66%) effect sizes analyzed
risk behavior categorically (e.g., the proportion of partici-
pants reporting any occurrence of risk behavior, Supplemen-
tal Digital Content C) while the remainder k=45 reported
continuous values (e.g., median number of partners, percent-
age of condom-protected sex acts, etc.). Seven effect sizes
were reported at the sexual dyad level (enumerating partner-
ships by individual, not sex acts) and twelve reported on last
sex or last partner while the remaining k=112 reported on
any outcome of interest during recall periods ranging from 1
to 96 months. Follow-up time was between 6 and 12 months
for k=37 effect sizes (28%), more than 12 months for k=32
(24%), six months or less for k=12 (9%), and not reported
for k=50 (38%) effect sizes.

The most commonly reported outcome was UAI overall
(k=37, 28%) or by role (insertive: k=26, 20%; receptive:
k=13, 10%). Eleven effect sizes reported sero-adaptive
behaviors, five of which were serosorting. Studies also
reported on unprotected sex overall (k=9, 7%) and by num-
ber of sexual partners (k=12, 9%); any anal sex (k=10,
8%); any sex (k=1, 1%); and sexual activity by partner
HIV status (k=47, 36%, partner at risk; k=28, 6%, partner

@ Springer
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HIV-infected). Seventy-six effect sizes (58%) reported on
sex with partners at risk, k=47 (36%) on partners of unspec-
ified HIV status, and k=8 (6%) on sex with HIV-infected
partners.

Effects of Being Aware of HIV Diagnosis on Sexual
Behaviors

When Partners were at Risk

Of 76 effect sizes reporting sexual behavior with a partner
at risk among aware vs. unaware HIV-infected MSM, we
omitted k=19 from analyses due to overlap. Figure 3a and
Table 2 meta-analyzed estimates and unique effect sizes that
could not be pooled. The meta-analyzed RR for not serosort-
ing was 0.92 (k=3, ?=64%, 95% CI 0.83, 1.02); one study
reported an effect size for a long-term effect of 0.93 (95% CI
0.68, 1.28) [31]. The meta-analyzed RR for any unprotected
sex episode with a partner at risk was 0.55 (k=4, ?=37%,
95% C1 0.47, 0.64) and for any unprotected anal intercourse
(UAI) with a partner at risk was 0.62 (k=4, ’=91.1%, 95%
CI 0.25, 1.52). Specific to sexual role, the meta-analyzed
RR for insertive UAI with a partner at risk was 0.26 (k=2,
1’=0%, 95% C1 0.17, 0.41) and for receptive UAI with a
partner at risk was 0.53 (k=2, ’=0%, 95% C10.37, 0.77).
When analysis was restricted to participants on ART, esti-
mates were: insertive RR 0.29 (k=2, I’=0%, 95% CI 0.19,
0.44); receptive RR 0.45 (k=2, I*=50%, 95% CI 0.24, 0.84,
see Fig. 3c¢).

When data were restricted to follow-up intervals of
12 months or more, results for UAI with a partner at risk
were RR 0.81, k=3, I’=86%, 95% CI 0.28, 2.36 (see
Fig. 3b). One study reported mean differences for having a
discordant partnership as ranging from —5.90 to — 1.40 over
follow-up intervals of 12 to 96 months [27].

When Partners were HIV-Infected

Four different outcomes where both partners were HIV-
infected were reported across four studies. The RR reported
for the percentage of partners who were HIV infected before
and after diagnosis was 0.60 (k=1, 95% CI1 0.36, 1.01) and
for an episode of unprotected sex was 0.21 (k=1, 95% CI
0.08, 0.53) [32]. The RR for any insertive UAI with an HIV-
infected partner among aware vs. unaware MSM was 1.51
(k=1, 95% CI 1.00, 2.28) and 2.66 (k=1, 95% CI 1.60,
4.44) for receptive UAI with an HIV-infected partner [33].

When Partners’ HIV Status was not Specified
Eighteen studies reported k=47 effect sizes for sexual

behavior with a partner of unspecified HIV status. The meta-
analyzed mean difference in number of partnerships was

ART antiretroviral therapy; IQRinter-quartile range; MD mean difference; mo months; MSM men who have sex with men; RRrisk ratio; SD standard deviation; UAlunprotected anal intercourse;

ida; New Orleans, Louisiana; Nassau-Suffolk, New York; Newark, New Jersey; New York City, New York; Philadelphia, Pennsylvania; San Diego, California; San Francisco, California; San
UIAIunprotected insertive anal intercourse; URAIunprotected receptive anal intercourse

Juan, Puerto Rico; Seattle, Washington; Washington, DC

ida; New Orleans, Louisiana; Nassau-Suffolk, New York; Newark, New Jersey; New York City, New York; Philadelphia, Pennsylvania; St. Louis, Missouri; San Diego, California; San Fran-
iiAtlanta, Georgia; Baltimore, Maryland; Boston, Massachusetts; Chicago, Illinois; Dallas, Texas; Denver, Colorado; Detroit, Michigan; Houston, Texas; Los Angeles, California; Miami, Flor-

iAtlanta, Georgia; Baltimore, Maryland; Boston, Massachusetts; Chicago, Illinois; Dallas, Texas; Denver, Colorado; Detroit, Michigan; Houston, Texas; Los Angeles, California; Miami, Flor-
cisco, California; San Juan, Puerto Rico; Seattle, Washington; Washington, DC

VBaltimore, Maryland; Dallas, Texas; Los Angeles, California; Miami, Florida, New York, New York; San Francisco, Oakland, and San Jose, California; Seattle, Washington

liBoston, Massachusetts; Chicago, Illinois; Denver, Colorado; New York, New York; Philadelphia, Pennsylvania; San Francisco, California; Seattle, Washington

“Partner at risk” reflects partners reported as HIV-uninfected and/or with HIV status unknown to the respondent
“Values in parenthesis by effect size: RR (95% confidence interval); median (inter-quartile range); mean difference (confidence interval)

i"Baltimore, Maryland; Chicago, Illinois; Los Angeles, California; Pittsburgh, Pennsylvania

Bold indicates statistical significance

Italics denote data not included in meta-analysis or summary table
“Identified in a sister systematic review search

®Unpublished data reported in Marks 2009 review

Table 1 (continued)
Cities not specified in table:

@ Springer
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—-3.11 (k=2, 1*=13%, 95% CI —5.33, —0.90). Meta-ana-
lyzed RR for any anal sex was 0.96 (k=3, I>’=86%, 95% CI
0.92, 1.00) and for any UAI as 0.75 (k=11, >=89%, 95%
CI0.62, 0.91), and found a reduction in receptive UAI (RR
0.79, k=2, >’=0%, 95% CI 0.64, 0.98). Long-term effects
(follow-up intervals of 12 months or more) for any anal sex
were RR 0.95 (k=2, ’=91%, 95% CI1 0.91, 0.99) and for
any UAI were RR 0.96 (k=2, 1>=41%, 95% CI 0.87, 1.05,
see Fig. 3b). When analysis was restricted to participants on
ART, results for any UAI were RR 0.92 (k=2, 1>=95%, 95%
CI10.63, 1.34, see Fig. 3c).

Risk of Bias

We identified four study designs, described previously [16].
Studies included in this review included two kinds of within-
group comparison pre-post designs, where participants were
either recruited (n=2) or self-selected (n=35) for testing,
as well as cross-sectional studies where participants were
self-selected for testing (n=13). See Supplemental digital

Risk of bias was generally high or unclear, largely due to
the observational nature of the studies and the need to rely
on self-reported data. All studies were rated at high risk
of bias in the category of measurement of exposure and/or
outcome, due to self-reported outcomes. Additionally, most
effect sizes were rated at high or unclear risk of bias in data
completion (including description of exclusion criteria and
attrition, 104, 79%), selective outcome reporting (89, 68%),
control for confounders (89, 68%), and other unspecified
bias (116, 89%). Low risk of bias was identified for all effect
sizes regarding development and application of eligibility
criteria, and for all but two effect sizes in follow-up time,
which were unclear. (See Supplemental digital content E
and F.)

Discussion

To our knowledge, this review is the first of its kind address-
ing the association between HIV diagnosis knowledge and a

content D.

Fig.3 Changes in sexual prac-
tices of men who have sex with
men who became aware of HIV
diagnosis in the United States.
a Effect of HIV diagnosis on
sexual behavior with partner at
risk among MSM in the United
States. b Effect of HIV diag-
nosis on sexual risk behaviors
reported for follow-up intervals
of 12 months or more among
MSM in the United States. ¢
Effect of HIV diagnosis on sex-
ual behavior among participants
on antiretroviral therapy among
MSM in the United States

@ Springer

wide range of sexual practices. Prior reviews [14, 15] have

(a) Effect of HIV diagnosis on sexual behavior with partner at risk among MSM in the
United States

Having a partner at risk, last sex (k=1) —_— .
Having a partner at risk, any sex (k=1)
Not serosorting, overall (k=3) ....
Not serosorting, long-term (k=3) —_—l;—
Condomless sex episode, partner at risk (k=4) ——
Any UAI, partner at risk (k=4) &
Any UAI - insertive, partner at risk (k=2) B E—
Any UAI - receptive, partner at risk (k=2) —
I 1 1 1 1 1
0.06 0.13 0.32 0.62 1.27 1.62

Risk Ratio (log scale)

< Reduced Risk Increased Risk >

(b) Effect of HIV diagnosis on sexual risk behaviors reported for follow-up intervals of 12
months or more among MSM in the United States

Not serosorting (k=1)

Any UAI (k=7) i

Any anal intercourse (k=2)

Any UAI, parter at risk (k=3)
Any UAI - insertive, parter at risk (k=2)
Any UAI - receptive, parter at risk (k=2)

I T T T T 1
0.15 0.29 0.73 0.90 1.45 2.36

Risk Ratio (log scale)

< Reduced Risk Increased Risk >

(c) Effect of HIV diagnosis on sexual behavior among participants on antiretroviral therapy
among MSM in the United States

Any unprotected sex, partner undefined (k=1) . 3
Unprotected sex episode, partner undefined (k=1) +
Any UAI, overall, partner undefined (k=2) i
Any UAI, insertive, partner at risk (k=2) -
Any UAI, receptive, partner at risk (k=2) =
I 1 T T 1
0.19 0.38 0.65 0.95 1.52

Risk Ratio (log scale)

< Reduced Risk Increased Risk >
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examined behavior change among HIV-uninfected MSM
who engage in serosorting to protect themselves from HIV
infection, but not focused on MSM receiving HIV diagnoses
whose behavior change intends to prevent onward transmis-
sion. We found limited data on serosorting and seroposition-
ing, and more data on condom use, sexual activity and dis-
cordant partnerships. This review provides an assessment of
sero-adaptive and other sexual risk behavior change among
HIV-infected MSM after learning of their diagnosis.

HIV-infected aware MSM have a lower risk of UAI with
partners at risk, compared to those not aware of their infec-
tion (RR=0.62). The reduction in UAI risk was observed
for both receptive (RR=0.53) and insertive (RR =0.26) anal
sex. This suggests that knowledge of positive HIV status
was an important factor in reducing UAI and, therefore,
expanded HIV testing may result in lower risk behavior
among MSM who would otherwise be unaware of their
infection. MSM aware of their HIV infection are also less
likely to report sex with partners at risk, irrespective of con-
dom use and fewer sexual partners.

HIV-infected-aware participants on ART had a lower risk
of engaging in UAI with partners at risk and with partners
whose HIV status was unspecified in studies. This held true
at long-term follow-up of 12 months or more, though neither
of these findings were statistically significant.

This review found somewhat different results for UAI
than our prior review of condom use among various risk
groups [16]. For example, the prior review estimated the
RR for UAI with a partner at risk among aware MSM as
0.46 (k=6, ’=60%, 95% CI 0.30, 0.70) while this review
estimated an RR of 0.62 (k=4, ?=90%, 95% C10.26, 1.52).
We attribute such differences to changes in eligibility crite-
ria: specifically, the prior review included data collected in
Canada as well as conference abstracts, whereas this review
was restricted to peer-reviewed studies conducted in the
US. Notably, this review searched for keywords and cap-
tured outcomes beyond condom use which, although seldom
reported, provide additional context and detail for the MSM
population.

Limitations of this review reflect the limitations of
primary studies, primarily the limited body of evidence
on sero-adaptive behaviors; also bias due to self-reported
behavioral outcomes. Additionally, the variation in how
sexual behavior was reported by primary studies limited
the volume of data available for pooled estimates. For
example, “serosorting” was defined in different studies as:
any sex exclusively with sero-concordant partners [29];
UAI only with sero-concordant partners [28, 34]; or not
using condoms with a partner of concordant HIV status
(with no discussion of serodiscordant sexual contact) [35].
Within these definitions, “concordant” may refer either
to actual HIV status at or before HIV diagnosis (i.e., sex
with an HIV-infected partner [28, 34]) or perceived HIV
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status (i.e., sex with an HIV-uninfected partner [31]).
Additionally, where general sexual acts were reported, it
is possible that reported sexual activity and condom use
reflected some sero-adaptive behavior (e.g., reports of any
receptive anal intercourse (RAI) could include participants
who engaged in seropositioning), but this cannot be known
definitively. Similarly, data on any anal sex and any oral
sex could capture participants who switched from anal
sex to oral sex to reduce risk or those who engaged in oral
sex serosorting.

Such complexity poses a challenge to understanding
what effect HI'V diagnosis truly has on risk behavior among
MSM. In meta-analysis, we combined data with equivalent
operational definitions. While transforming outcome data to
RR facilitated comparability of findings across studies, many
included studies are cross-sectional in design with limita-
tions for developing a true estimate of risk. Further, given
the diversity of the outcome types, it was prudent to apply a
random-effects model to account for source of heterogeneity.

Finally, because few studies stratified results by par-
ticipants’ ART status and no studies addressed PrEP use
by HIV-uninfected partners, these factors are not fully
addressed in our review.

Future research should attend to the above nuances and
associated contextual factors in order to expand the body of
evidence on sero-adaptive behaviors among MSM. In par-
ticular, studies should attempt to address pure serosorting
and seropositioning behaviors—i.e., the degree to which
UALI or insertive UAI is practiced with HIV-concordant
partners at the exclusion of discordant partners. While exist-
ing data on “any” occurrence of sex with partners of each
serostatus is helpful to both mathematical modeling and
HIV prevention efforts, addressing the holistic context of
participants’ sexual behavior through comprehensive data
collection and analysis could further enhance HIV preven-
tion strategies.
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