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Abstract

There is strong evidence linking stimulant use, namely methamphetamine use, to sexual risk
behavior among sexual minority men (SMM); we do not, however, have a good understanding
of this relationship among other at-risk populations. In this study, we systematically reviewed
associations between stimulant use (i.e., methamphetamine, crack cocaine, cocaine) and sexual
risk behaviors among populations facing elevated risk of HIV transmission and acquisition

(i.e., SMM, people who inject drugs (PWID), and people living with HIV/AIDS (PLWH)).
Random-effects meta-analyses and sensitivity analyses that included crude and adjusted estimates
separately were conducted to evaluate the impact of potential confounding variables. The results
showed strong relationships between stimulant use and condomless sex, transactional sex, and
multiple sexual partners. Results were broadly consistent when analyses were stratified by type
of stimulant (methamphetamine, crack cocaine, and other stimulants) and risk group. Sensitivity
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analyses with confounding variables did not greatly impact results. The results indicate that
stimulant use is associated with numerous sexual risk behaviors regardless of risk group,
suggesting prevention efforts focused on reducing methamphetamine-related HIV risk should
target a range of at-risk populations.

Keywords

Stimulants; Sexual risk behaviors; Persons who inject drugs; HIV/AIDS; Meta-analysis

Introduction

Stimulant use including methamphetamine, cocaine, and crack cocaine continue to see
increased use worldwide; according to the most recent World Drug Report in 2021,
there was a 64% increase in global amphetamine type stimulant use (ATS) drug seizures
compared to the year prior, representing the highest annual growth since 2001 [1]. This
increase was largely fueled by methamphetamine, which saw a 10-fold increase from
2009 to 2019. Cocaine use increased modestly as well during the same reporting period
while crack cocaine use has remained relatively stable (and remains as having the lowest
prevalence of use among the three main ATS substances reported).

There are numerous studies that have documented associations between stimulant use and
increased sexual risk behaviors such as unprotected sex, transactional sex, and having
multiple sex partners [2-5]. There have also been several studies examining associations
with infectious diseases including HIV [6, 7] and sexually transmitted infections (STI).
Recent evidence also shows that more than one in three new HIV infections is linked to
persistent methamphetamine use in sexual and gender minority populations [8]. Stimulant
use among sexual and gender minority populations has been well described [5, 9-11]

with sexual minority men (SMM) accounting for 69% of new HIV infections in 2019 in
the United States [12]. Understanding how risks may differ among these different at-risk
populations is important to tailoring effective interventions and harm reduction programs in
locations with high HIV incidence or experiencing HIV outbreaks [13], which may include
safer sex resources and education.

In many locations where HIV had been dominated by injection drug use, combined HIV
prevention and harm reduction efforts for persons who inject drugs (PWID) [14] has led to
transitions in HIV epidemics from injection dominated to sexually dominated transmission
scenarios [15], many of which are fueled by stimulant use including methamphetamine
use. Stimulant use is also a factor in sexually related HIV and STI transmission and may
contribute to injection-related transmission as well. In fact, injection drug use has been
associated with having an STI diagnosis [16] and approximately 15% of those with HIV
are also co-infected with an STI [17]. Among PWID in the United States, nearly 70%
have reported the use of methamphetamine, which is similar to rates seen among PWID
populations surveyed in Southeast Asia [18].

A meta-analysis conducted in 2002 among people living with HIV (PLWH) found that over
70% of individuals remain sexually active after learning of their HIV diagnosis, with several
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studies showing that up to 60% of those sexually active continued to engage in risky sexual
behaviors, including unprotected sex. These behaviors put others, as well as themselves, at
risk for contracting other infections, including STIs [19].

There have been several studies that have attempted to systematically review and synthesize
the quantitative data on associations between stimulant use and high-risk sexual behaviors,
but given the long history of stimulant use among sexual minority populations such as SMM
[20], many of the studies have focused on this population with limited evidence examining
other risk groups such as PWID and non-SMM PLWH.

In order to address gaps in the literature on stimulant use and different at-risk populations,
we performed a systematic review examining associations between stimulant use and
different high-risk sexual behaviors among SMM, PWID and PLWH. We first aimed to
evaluate the magnitude of the association between stimulant use and having unprotected sex,
engaging in sex work (i.e., transactional sex), and having multiple sex partners. We then
assess how these associations may differ across different at-risk populations (SMM, PWID
and PLWH).

We performed a systematic review of studies evaluating the association between stimulant
use and high-risk sexual behaviors, including unprotected sex, transactional sex, and
multiple sex partners. As noted in the introduction, the search was focused on SMM,
PWID and PLWH. While operationalization of these concepts varied from study to study,
we used the following definitions to guide our inclusion/exclusion of studies from our
review; stimulant use refers to cocaine, crack, methamphetamine, or amphetamine use
[21]. Transactional sex refers to giving or receiving money, gifts, or other services in
exchange for sexual intercourse [22]. Unprotected sex refers to condomless anal or vaginal
sexual intercourse, including at last intercourse [23]. Multiple sex partners refer to sexual
intercourse with two or more people, including partnerships that overlapped in time (i.e.,
concurrent) [24]. A protocol was not prepared for this report.

Search Strategy

We searched PubMed for English-language and human studies published through November
2020. Two searches were conducted; one search included keywords related to stimulant

use and unprotected sex and the other search included keywords related to stimulant use,
transactional sex, and multiple sex partners (See Appendix for search terms). We combined
transactional sex and multiple sex partners into one literature search as we previously
observed that several studies report both outcomes. We identified additional articles through
a manual search of reference lists in relevant publications. We omitted unpublished data and
non-English literature due to resource constraints.

Study Selection

We reviewed abstracts of studies obtained through the literature search and reviewed the full
articles if the abstract reported an association between stimulant use and one of the sexual
risk behaviors of interest. Upon full review, studies were selected if they included: (1) a
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stimulant using group, (2) a non-stimulant using comparison group, (3) sexual risk behavior
outcome(s), and (4) a quantitative estimate of the association between stimulant use and the
risk behavior or sufficient information to calculate an estimate (i.e., count data or stratified
prevalence). Only studies that reported or permitted inferences of odds ratios (OR) and 95%
confidence intervals (Cl) were included in the meta-analyses. To ensure all relevant studies
were captured, no restrictions were placed on publication date, study design, location, or
population.

Data Extraction

A standardized form was used to extract the following data from eligible studies: year

of publication, sample size, study design, setting, population, description of exposure and
outcome, crude and adjusted measures of the association, and confounding variables. When
quantitative estimates were not explicitly reported but sufficient information was available,
an OR and 95% CI were calculated. Unless we were conducting a relevant subgroup
analysis, if the study reported an OR for several study populations (e.g., men and women)

or stimulants (e.g., crack and methamphetamine), we used available count data to calculate a
summary unadjusted OR.

If multiple ORs were reported in a study and quantitative pooling was not possible, we
implemented a set of decision rules to determine which estimate we would include. First,
we selected the population or stimulant most reported across all other eligible studies

(e.g., select the crack-specific estimate if most other studies included in the meta-analysis
reported on crack). Second, if an OR was reported for multiple strata (e.g., frequent
stimulant use vs. any stimulant use in the last year), we selected the strata that reflected
the riskier behavior. Third, if an OR was reported for multiple timeframes, we chose the
timeframe that increased the likelihood of temporality where the exposure precedes the
outcome (e.g., stimulant use at last sexual encounter vs. lifetime stimulant use). Using forest
plots, we qualitatively evaluated whether extracted estimates met the level of homogeneity
necessary to perform a meta-analysis. A large number of studies in each meta-analysis
makes traditional quantitative criteria of homogeneity too sensitive but not specific enough
to exclude heterogeneous studies [25].

Two reviewers took part in the data extraction; consensus on what studies to include was
discussed during regular meetings with the study team.

Data Analysis

Random-effects meta-analyses were performed using RStudio, Version 1.3.1093. We
calculated a separate pooled estimate including all eligible studies regardless of population
for each sexual risk behavior outcome (unprotected sex, transactional sex, and multiple

sex partners). Subgroup analyses were performed by study population (SMM, PWID and
PLWH). We assessed statistical heterogeneity using the I-squared test statistic and the Q-
statistic. For sensitivity analyses we calculated estimates that excluded studies that reported
multiple ORs to assess the effect of applying the decision rules described above. We also
calculated pooled ORs that included only crude and adjusted estimates separately to evaluate
the impact of confounding variables. The results were tabulated in tables and figures of
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included studies and their overall effects (see supplementary file for a full breakdown of all
studies and summary measures).

We identified a total of 1476 eligible abstracts after removal of 285 duplicate abstracts
identified. After the abstract screening, we fully reviewed 166 manuscripts of which 126 met
the criteria for inclusion in the meta-analysis (Fig. 1). These manuscripts included 71 studies
related to unprotected sex, 50 related to transactional sex, and 20 studies related to multiple
sex partners.

Study characteristics varied and are summarized in Table 1 (see Appendix Tables S1-S6 and
Figures S1-S6 for complete study characteristics and results by individual study). Across

all outcomes, most studies were cross-sectional and took place in North America. The most
frequently sampled populations were SMM for unprotected sex, PWID for transactional sex,
and adults in general for multiple sex partners. Methamphetamine was the most investigated
substance in the association with unprotected sex, while crack was the most investigated
substance in the association with transactional sex and multiple sex partners. There was
heterogeneity in the measurement of exposure and outcome. All studies but one assessed
self-reported stimulant use, but the recall period varied widely from past week to lifetime.
Additionally, the frequency of stimulant use varied from greater than daily to any use. Given
the variability in the operationalization of outcomes, it was difficult to characterize their
definitions. Unprotected sex was most commonly evaluated as any unprotected sex between
the past 30 days and the past 12 months. Transactional sex was most commonly evaluated
as any selling sex in the past 30 days to lifetime. Multiple sex partners was most commonly
evaluated as greater than one sex partner in past 30 days to past 12 months.

Stimulant Use and Unprotected Sex

For the 71 studies investigating the association between stimulant use and unprotected sex,
the pooled OR was 2.08 (95% ClI, 1.87-2.30) when all eligible studies were included (Fig.
2A). We found variability in estimates, and significant heterogeneity was detected (Q =
251.3, p < 0.001; 12 = 70.7%). However, all but two studies reported a positive association
between stimulant use and unprotected sex, and the 95% Cls overlapped in most cases
(Appendix Figure S2). Pooled estimates did not differ greatly by study population. For the
35 studies of SMM, the pooled OR was 2.14 (95% Cl, 1.65-2.77); for the eight studies of
PLWH, the pooled OR was 2.56 (95% CI, 1.73-3.87); and for the seven studies of PWID,
the pooled OR was 2.35 (95% ClI, 1.97-2.81) (Fig. 2A).

Stimulant Use and Transactional Sex

For the 50 studies investigating the association between stimulant use and transactional sex,
the pooled OR was 2.69 (95% CI, 2.04-3.55) when all eligible studies were included (Fig.
2B). We found a significant amount of heterogeneity between estimates (Q = 463.67, p

< 0.0001; 12 = 89.2%). However, all but one study found a positive association between
stimulant use and transactional sex, with substantial overlap in the 95% Cls (Appendix
Figure S4). Pooled estimates appeared to differ by population, but confidence intervals were
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wide. For the ten studies of SMM, the pooled OR was 3.46 (95% CI, 2.48-4.82); for the
three studies of PLWH, the pooled OR was 4.70 (95% CI, 2.59-8.53); and for the six studies
of PWID, the pooled OR was 1.98 (95% ClI, 1.47-2.66) (Fig. 2B).

Stimulant Use and Multiple Sex Partners

For the 20 studies investigating the association between stimulant use and multiple sex
partners, the pooled OR was 2.94 (95% ClI, 2.46-3.52) when all eligible studies were
included (Fig. 2C). We found a significant amount of heterogeneity in estimates (Q =
113.32, p < 0.001; 12 = 84.5%). All studies found a positive association between stimulant
use and having multiple sex partners (Appendix Figure S6). Subgroup analyses were not
conducted for PWID or PLWH, as we found only one eligible study for each risk group. For
the two studies of SMM, the pooled OR was 1.62 (95% Cl, 1.18-2.22); for the one study of
PLWH, the OR was 1.68 (95% CI, 1.18-2.39); and for the one study of PWID, the OR was
2.30 (95% Cl, 1.33-3.98) (Fig. 2C).

Sensitivity Analyses

The exclusion of studies reporting multiple estimates did not result in an OR that differed
greatly from when all eligible studies were pooled, suggesting that decision rules did not
affect the magnitude of association between exposure and outcome. Across all outcomes,
summary estimates that included all eligible studies did not differ greatly from those that
included only adjusted estimates. Additionally, studies that adjusted for other substance use
(including alcohol, tobacco, or opioid use) or mental health conditions (anxiety, chronic
pain, or depression) did not differ substantially from those adjusted for any covariate.
However, the inclusion of only crude estimates resulted in a summary estimate greater in
magnitude than when all eligible studies were pooled.

Discussion

In our analysis and review, we found that associations between stimulant use and high-
risk sexual behavior varied by behavior with odds ratios ranging from 2.08 to 2.94 with
the strongest associations seen when examining associations between stimulant use and
transactional sex. Although there were slight differences in associations by sexual risk
behavior, all associations had an odds ratio above 2 and suggest that stimulant use by
individuals in any population significantly increases the likelihood of all high-risk sexual
behaviors. These associations also support stimulant use as a driver of HIV and STI
incidence through sexual transmission; indeed, a recent systematic review has linked ATS
use to increasing HIV infection [26].

When examining transactional sex among specific risk groups, we noted positive
associations across the different risk groups, with the strongest associations seen among
people living with HIV and sexual minority males. Although there are a number of studies
that have linked injection drug use to transactional sex [27, 28], in many locations where
PWID reside, the dominant form of drug use is heroin. Given the prior literature that

has linked heroin use to sexual dysfunction [29], the weaker associations seen among
PWID could be a result of their dual heroin/stimulant poly-drug use. It also suggests that
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transactional sex carried out by PWID may be less influenced by stimulant use compared to
SSM and PLWH; indeed, many studies that have examined transactional sex among PWID
have highlighted heroin as the dominant drug that sex workers typically use and what drives
their continued transactional sex work [30, 31].

When examining unprotected sex, we found similar relationships for all three different

risk groups of SMM, PWID and PLWH, ranging from 2.14 to 2.56, which are similar to
effects obtained from a recent meta-analysis examining heterosexual methamphetamine use
and unprotected sex [3]. Our analysis further extends this meta-analysis to consider similar
high-risk sexual risk behaviors with inclusion of other high-risk groups including PWID and
SMM and supports the findings that stimulant use is a consistent risk factor for unprotected
sex across multiple at-risk populations.

Despite the inclusive nature of our search that covered multiple at-risk populations for
elevated HIV and STI incidence, there are several other risk groups that deserve mention
and have been consistently under-studied in the literature, including racial minority women,
homeless individuals, transgender women, and people on medicated assisted treatment such
as methadone and buprenorphine for heroin dependence. Further research is needed to
explore relationships among these at-risk populations, with subsequent reviews conducted
once an ample number of studies have been conducted on these groups. This should be done
in conjunction with continued studies among SMM, PWID and PLWH to ascertain changes
in risk over time.

Several limitations should be noted. As this was a literature search conducted using key
search terms, there is a possibility that we may have missed certain studies or published
manuscripts examining the relationship between stimulant use and sexual risk behaviors. We
did, however, attempt to be exhaustive in our search terminology used to locate relevant
studies. Second, a lack of studies limits our ability to assess how populations might differ
in their association between stimulant use and having multiple sex partners. Third, we
found substantial heterogeneity in effect sizes across all outcomes and subgroup analyses,
as evidenced by significant Q values; this finding could be due to the substantial variability
observed in the operationalization of exposure and outcomes. Finally, as this analysis was
focused on SMM, PWID, and PLWH, the results may not be generalizable to other HIV
affected populations.

Conclusion

The results from this review show robust associations between the stimulant use and
different high-risk sexual behaviors, with consistent positive associations seen regardless

of sexual risk or risk group. The findings highlight the importance of addressing stimulant
use and mitigating its risks across all populations that may be at risk for elevated HIV and
STI transmission risk. Future research and clinical practice should explore approaches to
jointly address stimulant use and sexual risk behavior across all HIV affected populations as
our findings suggested increased risk for HIV transmission and acquisition in the context of
stimulant use.
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Records identified through PubMed databased searching
(n=1760)

Duplicates removed (n = 285)

Records screened (n = 1475)

= Records excluded (n=1309)

Full text articles screened for eligibility (n= 166 )

Full text articles excluded (n = 40)
95% Cl not reported (n = 3)
o Non-convertible quantitative estimate (n = 28)
Quantitative estimate not reported (n = 3)
Exposure not stimulant specific (n = 5)
Pooled estimate (n = 1)

Studies included in meta-analysis (n =126 )

Fig. 1.
Study identification, screening, eligibility, and inclusion for in meta-analyses by outcome
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A. Outcome: Unprotected Sex
Study population No of studies No of participants Odds ratio
All Eligible 71 375242 : - 2.08[1.88, 2.31]
MSM 35 40862 : [ 2.35[1.97, 2.81]
PLWH 8 8198 —— 2.56[1.73, 3.78]
PWID 7 5345 N S—— 2.14[1.65, 2.77]
[ I 1
0.1 1 10
Odds Ratio (95%Cl)
B. Outcome: Transactional Sex
Study population No of studies No of participants Odds ratio
All Eligible 50 332965 HEH 2.94[2.46, 3.52]
MSM 10 37876 - 3.46[2.48, 4.82]
PLWH 3 2575 S 4.70[2.59, 8.53]
PWID 6 5899 o 1.98[1.47, 2.66]
[ I 1
0.1 1 10
Odds Ratio (95%Cl)
C. Outcome: Multiple Partnerships
Study population No of studies No of participants QOdds ratio
All Eligible 20 50995 i 2.69[2.04, 3.55]
MSM 2 3304 C 1.62[1.18, 2.22]
PLWH 1 934 P —— 1.68[1.18, 2.39]
PWID 1 477 [ —— 2.30[1.33, 3.98]
| I 1
0.1 1 10
Odds Ratio (95%Cl)

Fig. 2.
Summary estimates of the association between stimulant use and risky sexual behavior by

study population; (A) unprotected sex, (B) transactional sex, (C) multiple sex partner
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Table 1

Summary of studies included in meta-analyses including all eligible studies

Study characteristics: Unprotected Sex  Transactional sex ~ Multiple Partners
N (%) N (%) N (%)

Total (N) 71 50 20

Study design Case-control 2(2.8) 1(2) 1(5)

Cohort 11 (15.5) 8 (16) 2 (10)

Cross-sectional 57 (80.2) 40 (80) 16 (80)

Natural history 1(1.5) 0(0) 1(5)

Study population *

Adolescents/Young adults 10 (13) 6 (12) 6 (30)
Adults 10 (13) 16 (32) 8 (40)
FSW 3(3.9) 0 (0) 2 (10)
SMM 35 (45.4) 9 (18) 1(5)
PLWH 8 (10.4) 1(2) 1(5)
PWID 11 (14.3) 18 (36) 2 (10)
Study setting Internet-Based 3 (4.2) 3(6) 0 (0)
Africa 1(1.5) 0 (0) 0(0)
Asia 5(7) 5 (10) 2 (10)
Australia 2(2.8) 1(2) 2 (10)
Europe 2(2.8) 3(6) 2 (10)
North America 55 (77.5) 36 (72) 14 (70)
South America 3(4.2) 2(4) 0 (0)

Study population *

Adolescents/Young adults 10 (13) 6 (12) 6 (30)
Adults 10 (13) 16 (32) 8 (40)
FSW 3(3.9) 0 (0) 2 (10)
SMM 35 (45.4) 9(18) 1(5)
PLWH 8 (10.4) 1(2) 1(5)
PWID 11 (14.3) 18 (36) 2 (10)
Stimulant type Cocaine 11 (15.5) 8 (16) 4 (20)
Crack 7(9.9) 24 (48) 9 (45)
Cocaine/crack (dual use) 4 (5.6) 4(8) 1(5)
Methamphetamine 41 (57.7) 8 (16) 5(25)
Other stimulants 8 (11.3) 6 (12) 1(5)

*
Sum of studies by study population may be greater than the total number of studies included in meta-analyses, as some studies include populations
that represent more than one category (ex. HIV seropositive SMM)
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