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Background.  Prevalence of methamphetamine (meth) injection and associated human immunodeficiency virus (HIV) risks 
among men who have sex with men (MSM) are unclear.

Methods.  A total of 532 MSM completed 1880 mSTUDY study visits between August 2014 and June 2018 in Los Angeles, 
California. Assessments every 6 months included computer-assisted self-interviews and testing for sexually transmitted infections. 
Analyses by person and across visits adjusted for repeated measures.

Results.  Of 532 participants, 51% (n = 276) reported meth use (past 6 months). Across 1880 visits, mutually exclusive substance 
use categories were as follows: 5% meth injection (5%), meth use without injection (33%), other substance use excluding meth (36%), 
and no substance use (26%). Comparisons across these categories respectively found that meth injectors reported higher prevalence 
of new sex partners (89%, 70%, 68%, and 51%, respectively), more were HIV positive (83%, 65%, 34%, and 50%), fewer were virally 
suppressed (53%, 48%, 61%, and 67%), and more had sexually transmitted infections (31%, 22%, 15%, and 15% (all P <.01).

Conclusions.  Among the young MSM reporting meth injection in this Los Angeles cohort, elevated risks of acquiring or trans-
mitting HIV suggest that they contribute significantly to sustaining the local HIV epidemic. Preventing transition to injection use 
has potential for HIV prevention.
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The association between methamphetamine (meth) use among 
men who have sex with men (MSM) in the United States and 
human immunodeficiency virus (HIV) acquisition is well es-
tablished [1–8]. The continuation of use after HIV infection 
among MSM has also been clearly associated with poor con-
tinuation in care, low adherence to HIV medication and sub-
sequently poor clinical outcomes, including high viral load 
(or lack of viral suppression) [9], high incidence of sexually 
transmitted infections (STIs), and other comorbid conditions 
leading to higher mortality rates [10–18]. Meth has thus been a 
persistent cause driving the ongoing MSM HIV epidemic.

Concurrently, the epidemic of opioid use has caused con-
siderable morbidity, overdose, and mortality rates across the 
United States in the past decade, in great part due to a transition 
from heroin use to prescription opioids and nonprescription 
street opioids, such as fentanyl [19–21]. This has been associ-
ated with recent outbreaks of HIV infection among people who 
inject drug (PWID) in places not seen in the US epidemic in 

many years such as Seattle where HIV incidence among PWID 
had dropped 48% between 2008 and 2014 [22–24]. 

Although the recent outbreaks suggest a reversal of this 
trend, a trend among MSM toward transitions from meth use 
into injection meth use and then injection of a combination of 
meth and opioids has an alarming potential for creating high-
transmission pockets that may present challenges in the prog-
ress toward ending the HIV epidemic in the US [25]. A  large 
increase was noted in the prevalence of reporting meth as the 
most frequently injected drug among PWID in the National 
HIV Behavioral Surveillance system in Denver, Colorado, from 
2.1% in 2005 to 29.6% in 2015 [26]. Moreover, when MSM 
from 8 large US cities who report primarily injecting meth 
were compared with MSM who report other drugs as primary 
for injection, the HIV prevalence, transmission behaviors, and 
self-reported STIs were all found to be higher—most notably, 
HIV prevalence was 50% higher [27]. The current study exam-
ined whether HIV transmission behaviors and biomarkers dif-
fered between injection and noninjection users of meth among 
young, diverse MSM in Los Angeles in a biobehavioral cohort.

METHODS

Participants in this study were those enrolled in the National 
Institutes of Health/National Institute on Drug Abuse–
funded mSTUDY—a longitudinal study designed to assess 
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the epidemiological and immunological impact of substance 
use and HIV on racially/ethnically diverse young MSM. The 
mSTUDY has been described elsewhere [28–30], but briefly, 
study enrollment started in August 2014 and is ongoing. 
Participants were recruited from a community-based organiza-
tion providing a broad spectrum of services for the lesbian, gay, 
bisexual, and transgender community and a community-based 
university research clinic, both located in the Hollywood area of 
Los Angeles, California. 
All participants in the mSTUDY between August 2014 and June 
2018 were eligible and included in this analysis. Inclusion cri-
teria for this analysis were the same as those for the mSTUDY; 
all participants were (1) between 18 and 45 years of age, (2) male 
at birth, (3) if HIV-negative, reporting condomless anal inter-
course with a male partner in the past 6 months, (4) capable of 
providing informed consent, and (5) willing and able to return 
to the study every 6 months to complete study-related activities, 
including questionnaires, clinical assessments, and biological 
specimen collection. By design, participants were recruited to 
include half HIV-positive and half HIV-negative men. As well. 
half of the participants were substance users (self-report con-
firmed by urine drug screen) and half were not.

Study Procedures and Data Collection

After providing written informed consent, study par-
ticipants completed a self-administered, questionnaire 
(computer-assisted survey instrument; 45–70 minutes to com-
plete). Substance use was assessed as part of the survey, and 
participants were presented with a list of drugs (including co-
caine powder, crack cocaine, ecstasy, heroin, marijuana, meth, 
poppers, and prescription medications) and asked to specify 
whether they had used each of the drugs in the past 6 months 
and method of use (ie, injection, snorting, smoking, or eating). 
The type of substance use, meth use in particular, was categor-
ized by the method of use. Questions on sexual risk behav-
iors relevant to this analysis focused on recent behaviors (past 
6  months) and included information on reports of new sex 
partners, concurrent partnerships (ie, sexual partnerships that 
overlap in time), and exchange sex, defined as having received 
money, drugs, shelter, or other goods for sex.

At each study visit participants completed a clinical exami-
nation (data not shown) and provided urine samples as well as 
rectal and pharyngeal swab samples tested for chlamydia and 
gonorrhea using nucleic acid amplification testing technology 
(Aptima Combo 2; GenProbe). In addition, blood samples 
were collected for syphilis and HIV testing (for HIV-negative 
participants), and HIV-1 RNA levels (for HIV-positive partici-
pants). Syphilis testing was conducted using the rapid plasma 
reagin test, with confirmatory testing done with the Treponema 
pallidum particle agglutination test. Syphilis disposition (ie, pri-
mary, secondary, or early latent syphilis) was obtained for each 
participant and based on standard-of-care health department 

investigation of syphilis cases, as specified by the Centers for 
Disease Control and Prevention treatment guidelines for sexu-
ally transmitted diseases [31]. All participants were scheduled 
to return every 6 months, and the study questionnaire and lab-
oratory tests were repeated at the follow-up visits. The study was 
approved by the Institutional Review Board at the University of 
California, Los Angeles.

Analytic Approach

Descriptive statistics, including mean, range, and frequency 
distributions were assessed for 4 mutually exclusive categories 
of drug use: meth injection, meth use with no injection, other 
drug use (not including meth), and no drug use. Differences 
between visits were evaluated by drug use category, using χ 2 
methods for categorical variables, adjusting for the effect of the 
subject (ie, repeated measures), and F statistics for type 3 tests of 
fixed effects (also adjusting for subject effects). Because partici-
pants could have repeated visits over the study period, we used 
hierarchical regression models with generalized estimating 
equations to account for within-subject correlations [32, 33]. 
We fit models with random intercepts and time effects to ac-
commodate the repeated measures gathered from each par-
ticipant and to allow participant-specific changes in responses 
over time. This allowed us to investigate the association be-
tween meth use pattern as reported at each visit (ie, outcome) 
and other fixed-effect variables, such as race/ethnicity, as well 
as time-varying repeated measures, such as viral load, STI in-
cidence, and sexual behavior (ie, covariates of interest) at each 
visit. Variables tested for inclusion in the multivariable models 
were based on univariate analyses or specified a priori as risk 
factors based on the existing literature. All analyses were con-
ducted using SAS software (version 9.4; SAS).

RESULTS

The 532 MSM at baseline had a mean age of 31 years (standard 
deviation, 6.8  years), were mostly of minority race/ethnicity 
(42.5% African American, 36.8% Latino), and commonly re-
ported current unemployment, and unstable housing (see Table 
1). There were differences by HIV status, in age (slightly older 
for HIV-positive MSM), unemployment (higher rate among 
the HIV positive), educational status (lower among the HIV 
positive), and history of incarceration (higher among the HIV 
positive). Drug use in general was reported frequently: 51% 
(n  =  276) reported meth use, 9% (n  =  48) reported heroin 
use, and 30% (n = 160) reported prescription drug misuse (eg, 
OxyContin, Vicodin) at least once. Across all 1880 study visits, 
meth use was reported at 38% of visits in the past 6 months, 
which included 5% of visits (n = 98) when meth injection was 
reported and 33% (n = 619) when noninjection meth use was 
reported; other drug use was reported at 38% of visits (n = 685) 
and no drug use at 25% of visits (n = 478). On the individual 
level, 90% of cohort members (480 of 532) reported any drug 
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use at any study, 51% (276 of 532) reported any meth use at any 
study visit, and 17% (46 of 276) reported any meth injection at 
any study visit.

Significant differences (P ≤ .01) by type of meth consumption 
and other drug use were noted for HIV status, viral load, and 
laboratory-confirmed STI diagnosis across visits. HIV prevalence 
was highest among those who reported meth injection (82%) fol-
lowed by noninjection meth use (65%), and other substance use 
not including meth (50%) and lowest among those who reported 

no substance use (34%) (Figure 1). Likewise, the prevalence of 
any STI (gonorrhea, chlamydia, or syphilis) was highest for meth 
injectors (30%), followed by other meth users (22%); other drug 
users and non–drug users had a similar prevalence, half that of 
the meth injectors (14% and 15%, respectively). Among HIV-
positive MSM, viral suppression or RNA levels ≤20 copies/mL 
were seen at significantly fewer visits for meth injectors and other 
meth users (52.6% and 48.4%, respectively) than for other drug 
users and nonusers (60.9% and 67.1%, respectively).

Table 1.  Baseline Characteristics Among mSTUDY Participants, by Human Immunodeficiency Virus Status (August 2014 to June 2018)

Characteristic

Participants, No. (%)

P ValueTotal (N = 532)a HIV Positive (n = 265)a  HIV Negative (n = 267)a

Age, mean (SD), y 31.3 (6.8) 33.6 (6.4) 28.9 (6.4) <.01

Race/ethnicity     

  African American 226 (42.5) 108 (40.8) 118 (44.2) .13

  Hispanic/Latino 196 (36.8) 97 (36.6) 99 (37.1)

  Other 37 (7.0) 15 (5.7) 22 (8.2)

  White 73 (13.7) 45 (17.0) 28 (10.5)  

Educational level     

  Below high school graduate 65 (12.3) 40 (15.4) 25 (9.4) .07

  High school graduate 193 (36.6) 97 (37.3) 96 (36.0)

  Beyond high school 269 (51.1) 123 (47.3) 146 (54.6)

Unemployed 235 (45.6) 143 (56.1) 92 (35.4) <.01

Unstable housing in past 6 mob 189 (35.5) 94 (35.5) 95 (35.6) .98

Ever incarcerated 208 (39.1) 117 (44.2) 91 (34.1) .02

Abbreviations: HIV, human immunodeficiency virus; SD, standard deviation.
aData represent no. (%) of participants unless otherwise specified. Sums may not equal totals owing to missing information.
bUnstable housing was defined as not having a regular place to stay in the past 6 months.
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Figure 1.  Prevalence of human immunodeficiency virus (HIV), HIV viral load (among the HIV positive), and sexually transmitted infections (STIs) across study visits among 
mSTUDY participants, by substance use category (August 2014 to June 2018). *P < .01. Abbreviation: Meth, Methamphetamine.
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Transmission behaviors were also reported in the past 
6 months at significantly more visits where meth injection was 
reported (P ≤ .05), all following a dose-response pattern with the 
highest prevalence noted among those reporting meth injection, 
followed by noninjection meth use, then other drug use and non–
drug use (Figure 2). For reports of new sexual partners at a visit, 
the highest prevalence was among those reporting meth injec-
tion (88.8%), followed by those reporting other meth use (70.1%) 
or other drug use (67.7%), with the lowest prevalence among 
non–drug users (50.%). The practice of having concurrent sexual 
partners also followed this pattern for meth injectors, other meth 
users, other drug users, and nonusers (62.5%, 48.6%, 43.5%, and 
28.4%, respectively). The pattern was even more pronounced for 
transactional sex reports (51.6%, 27.6%, 8.7%, and 6.2%, respec-
tively). Finally, there was also a modest trend for having trans-
gender partners, with meth injectors reporting these partners at 
more visits (13.3%, 10.2%, 4.7%, and 5.2%, respectively).

DISCUSSION

In this biobehavioral cohort of highly diverse young MSM, meth 
injection occurs more among those that are HIV positive and, 
most concerning, is practiced concurrently with unsuppressed 
viral load and active STI infection. Our study demonstrates that 
HIV clinical status is especially poor when meth is injected, but 
also when it is used in other ways. This suggests a trajectory 
of poorer relevant HIV outcomes for MSM who inject meth, 
with these men facing disorganization from more intense use 
patterns that interfere with their management of HIV disease.

MSM who inject meth also face a synergy of HIV transmis-
sion potential from having sex with more new, transactional, 
and marginalized partners while viremic and having STIs [2, 4, 
15–17]. These findings ensure transmissible viremia involving 
sexual encounters where little communication occurs and 
unequal power dynamics happen during sex with a new or 
paid sex partner. This confirms findings noted among PWID 
by the National HIV Behavioral Surveillance group, of more 
condomless sex partners among MSM who inject meth com-
pared with those who inject other drugs [27].

HIV transmission risks from MSM who inject meth are of 
concern because they may also be injecting as well as having sex 
with these partners. This may mean episodes with sex where 
individuals are exposed to HIV through multiple routes if nee-
dles are shared and condoms are not used—highly likely during 
these drug-charged sexual encounters.

Our findings show that men using meth in ways other than 
injection also represent potential transmission of HIV, as many 
do not sustain viral suppression and have concurrent bacterial 
STIs. Their risks are slightly lower than those in men who inject, 
demonstrating an opportunity for substance use treatment to 
reduce transmission potential if meth users could be prevented 
from escalating their use into injection. PWID who combine 
meth with heroin injection have been noted to be at higher risk 
of overdose and multiple overdoses than those who inject either 
drug individually [26]. Rates of overdose deaths involving meth 
have tripled nationally from 2011 to 2016 [34], but it is unclear 
whether this increase is related to the method of use. Individuals 

100

90 88.8

70.1

50.8

67.7

13.3

New sex partner, past 6 mo* Transgender anal sex partner,
past 6 mo*

Concurrent sexual partnership,
past 6 mo*

Received money, drugs, or shelter
for sex,past 3 mo*

10.2
5.24.7

62.5

48.6

28.4

43.5

51.6

27.6

6.2
8.7

Meth injection use (n = 98) Meth, non-injection only (n = 619) Other drugs (n = 685) No drugs (n = 478)

80

70

60

Pr
ev

al
en

ce
, %

50

40

30

20

10

0

Figure 2.  Prevalence of sexual behavior across study visits among mSTUDY participants, by substance use category (August 2014 to June 2018). *P < .01. Abbreviation: 
Meth, Methamphetamine.
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have been noted to be at high risk of overdose from injection and 
noninjection meth use, yet it is unclear whether injection ele-
vates this risk [35]. Nevertheless, opportunities to reduce rates 
of emergency room visits, hospitalizations, and potentially long-
term disability could also be achieved if harm reduction could 
prevent the trajectory of meth use into injection. 

There are emerging patterns of unexpected deaths among MSM 
who use stimulants in Los Angeles, which may signal the integration 
of opioids, particularly fentanyl, with meth use. Once injecting meth, 
men may also move to injection of opioids in conjunction with meth 
use, a pattern we have seen in small numbers and will continue to 
monitor in our cohort and in the greater Los Angeles metropolitan 
area. It is the subject of further investigation whether combinations 
of fentanyl with meth are intentional or due to contamination of the 
drug by the supplier. Although the greatest reduction in harm would 
be achieved if meth use could be eliminated, prevention of injection 
methods among MSM would have a modest effect on the infectious 
disease risks and on the risk of deaths from overdose.

The findings from this study may not be generalizable to all 
meth-using young MSM in Los Angeles because our sample 
is not random. We capture the young MSM willing to partic-
ipate in a cohort study with long visits, resulting in a bias, as 
found in most research studies, toward those that are margin-
ally employed and have discretionary time for study participa-
tion. Moreover, our sample of those who inject meth is not large 
enough to allow for multivariable analysis, limiting analyses 
that can be currently conducted in this group. As the mSTUDY 
continues, we expect to have more visits from those who in-
ject meth, and we therefore have great power to conduct more 
in-depth analyses. Nevertheless, ours is one of the only studies 
to have both behavioral and biological data from young MSM 
who inject meth, expanding the understanding of different 
forms of meth use and their clinical implications.

Our findings clearly demonstrate that if HIV is to be eliminated 
in the United States, greater substance use treatment for MSM will 
be needed to prevent and reduce the use of meth, and specifically its 
escalation into injection. As noted elsewhere, the challenge is that 
there is no medication approved for the treatment of meth, limiting 
the potential for medication-assisted therapy offered in substance 
use treatment programs to reduce use among meth injectors [27]. 
This suggests a need for different programming for MSM who in-
ject meth, a further barrier to reducing risks in this group. Such 
patterns of drug use among MSM should be monitored in other 
parts of the United States, where rates of opioid injection and thus 
overdose and mortality rates are higher. Transitions to injection 
may accelerate, further obstructing opportunities to end the HIV 
epidemic, and increasing harm to those living with HIV and at 
high risk for HIV acquisition.
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