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Background: Studies have examined patterns of substance use among Men who have Sex with
Men (MSM), but few have examined factors predicting transitioning from one substance use
pattern to another. We investigated transitioning from one substance use pattern to another over a
12-year period (2004-2016) among the Multicenter AIDS Cohort Study participants.

Method: Alcohol, marijuana, heroin, cocaine, poppers, uppers (e.g., methamphetamines) and
erectile dysfunction(ED) medications use in the last 6 months from 3,568 US MSM was
dichotomized (no/yes) to classify participants into substance use classes at each follow up visit.
We fit latent transition models to calculate transition probabilities of moving from one substance
use class to another over a 3, 4 and 6-year time period. Then fit regression models to identify
factors associated with the probability of each participant staying in or moving from the same
substance use class.

Results: Overall, cocaine and ED medication use declined but marijuana and heroin use
increased over 2004-2016. We observed most participants (84.6%-100%) stayed in the same class.
Increased age was associated with transition from the Minimal-use class to the Alcohol-only class
(aOR=1.06,95%C]l:1.01-1.13;p<0.01) and non-White MSM reported lower odds of moving from
the Alcohol-only class to the Alcohol-Popper class (aOR=0.50,95%CI:0.30-0.82;,0<0.01). There
were no difference in the transition probabilities by HIV-status.

Conclusion: Despite decline in substance use in general, participants are highly stable in their
choice of substances. However, treating MSM as a homogeneous group can lead to an under-
appreciation of the diversity of prevention needs and treatment of substance using MSM.

Keywords
Substance use; Men who have sex with men; Latent transition analysis; MACS; LCA

1. Introduction

Men who have sex with men (MSM) continue to be at higher risk of HIV/ sexually
transmitted infections (STIs) compared to the other at-risk populations, especially in North
America (U.S. Centers for Disease Control and Prevention, 2018). For example, MSM, in
the United States, are 44 times more likely to contract HIV (Purcell et al., 2012), whereas
the Canadian MSM are 131 times more likely to contract HIV per year (Yang et al., 2016).
MSM also have a high yearly incidence of many STIs compared to non-MSM, especially
syphilis (Choudhri et al., 2018). Given the continued and disproportionately high HIV/STI
prevalence among MSM, there is a pressing need to identify and understand factors
contributing to and affecting higher rates of HIV/STI infections in this population.

Condomless anal sex (CAS) without consistent use of Pre-Exposure Prophylaxis (PrEP)
among HIV-negative MSM, and/or in a serodiscordant partnership with detectable viral load
remains the key factor for HIVV/STI transmission, and psychosocial factors such as poorer
mental health (e.g., social anxiety: Hart and Heimberg, 2005; depression: Hart, et al., 2017);
childhood bullying and abuse experiences (Hart et al., 2018); experiences of violence and
victimization (Mustanski et al., 2007; Stall et al., 2003); and recreational substance (ab)use
(Mustanski et al., 2017; Parsons et al., 2012) are significant contributors of increased CAS.
While there are multiple factors that account for increased substance use among MSM
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compared to non-MSM, the association between substance use and CAS among MSM is
well documented (e.g., Race et al., 2017; Mustanski et al., 2007). For example, binge
drinking in the context of a sexual episode is linked to increased likelihood of CAS
(Newcomb, 2013), CAS with serodiscordant partners (Maisto and Simons, 2016; Vosburgh
etal., 2012) and CAS with more partners (Hess et al., 2015). Furthermore, use of party
drugs (e.g., cocaine, speed, or crystal meth) to enhance sexual experience (e.g., Party and
Play: Frederick and Perrone, 2014) and/or attending privately or commercially organized
gatherings “for the express purpose of having sex” (Friedman et al., 2008) are prevalent
among MSM, and are significantly associated with increased CAS (Grov et al., 2014a; Grov
et al., 2014b).

Some MSM may prefer one substance over another (e.g., downer like heroin over upper like
crack cocaine) and use it consistently, however, experimenting with or using multiple
substances simultaneously, or transitioning from one substance to another substance (or
from one group of substances to another group of substances) over time is not uncommon
among MSM (Card et al., 2018a; Card et al., 2018b; Lim et al., 2012; McCarty-Caplan et
al.,, 2014; Wilkerson et al., 2018). For example, Wilkerson et al. (2018) identified four
classes among methamphetamine using U. S. MSM: minimal use class; alcohol-marijuana-
nitrite class, alcohol-cocaine-GHB-hallucinogens class, and alcohol-GHB-designer drugs-
heroin class, whereas among a sample of Canadian MSM, Card et al (2018a) identified six
classes characterizing ‘limited drug use’ (i.e., low use of all drugs, except alcohol),
‘conventional drug use’ (i.e., use of alcohol, marijuana, and tobacco), ‘club drug use’ (i.e.,
use of alcohol, cocaine, and psychedelics), ‘sex drug use’ (i.e., use of alcohol, crystal meth,
GHB, poppers, and erectile dysfunction drugs), ‘street drug use’ (i.e., use of alcohol and
street opioids) and ‘assorted drug use’ (i.e., use of most drugs). This heterogeneity in
substance use and transitioning into different substances may influence HIV risk as
differences in pharmacologic effects can influence sexual behavior (Harzke et al., 2009;
Kruse et al., 2009). Further, MSM using only alcohol might have different treatment needs
than MSM using a combination of stimulants (e.g., crystal, cocaine) in context of ‘Party N
Play’ (Noor et al., 2018), and treatments designed for and targeting generalized substance
(ab)use might not work well for types of specific substance use (Society of Clinical
Psychology, 2020; Hart et al., 2019). For example, motivational interviewing-based therapies
have strong evidence support for mixed substance use disorders but has less support for use
with people who have difficulties managing use of stimulants such as cocaine or crystal
methamphetamine (Society of Clinical Psychology, 2020). For HIV-positive MSM,
substance (ab)use play a more complex role. A recent systematic review highlighted
substance use as a coping mechanism for dealing with HIV diagnosis, as well as among the
most common barriers to antiretroviral therapy adherence (Quinn and Voisin, 2020). Hence,
knowing what substance or class of substances MSM use and whether they are staying at the
same class over time or transitioning into different classes might have clinical relevance.
Although research examining substance use pattern among MSM is increasing (Lim et al.,
2015; McCarty-Caplan et al.,, 2014; Wilkerson et al., 2018), research examining consistency
in substance use pattern among MSM is relatively low (Card et al., 2018a; Wilkinson et al.,
2017).
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Latent class analysis (LCA) is a popular approach to identify relatively homogenous
subgroups within a heterogeneous population, favored for its ability to simultaneously
consider multiple factors that reveal emergent grouping patterns. As a statistical modeling
technique, LCA reveals unobserved heterogeneity in a population and creates meaningful
subgroups (latent classes) from observed categorical indicators (McCutcheon, 1987). The
LCA starts with the assumption that there is only one group, and subsequently estimates two
(e.g., used /not used substance), three, four ... and finally 2 different classes until a model is
found that statistically fits the data (Magidson and Vermunt, 2004). Latent transition analysis
(LTA) is an extension of the latent class model with the measurement (latent class) and
structural (latent transition) components modeled simultaneously (Chung et al., 2007;
Nylund, 2007). The relationship between unobserved (latent) variables across time points is
described using a transition matrix or transition table. LTA model estimates transitions
between categories within the latent classes at successive measurement points (e.g., between
visits 1 and 2, between visits 2 and 3, between visits 3 and 4, and so on), using multinomial
logistic regressions to produce logits (log-odds) for each cell of the transition table.
Multinomial regression values are modeled using longitudinal data, thereby providing
probabilities (probabilities being a function of logits) (Muthén and Muthén, 2015). The
probability is that of individual 7being in latent class kat 1 time point £ given that the
individual was in latent class /m at the previous time point, £— 1 (Chung et al., 2007; Muthén
and Muthén, 2015). Substance use and HIV risk researchers have used LTA to quantify
changes over time (e.g., MSM sexual risk: Wilkinson et al., 2017; adult drinking pattern:
Staudt et al., 2018; injection drug users’ treatment need: Meacham et al., 2018; adolescent
alcohol, tobacco, and marijuana use: Mistry et al. 2015) using longitudinal data; however,
we are unaware of any study applying latent class and latent transition analyses to examine
intraindividual stability in substance use over a longer time period (over 10 years) among
MSM with and without HIV.

Considering the lack of existing research in this area, this analysis was exploratory in nature.
Our objectives were, (1) to estimate the prevalence of substance use among a prospective
cohort of US MSM with and without HIV over a 12-year time period (2004-2016), and see
if there is a change in substance use over time, (2) to identify substance use patterns (i.e.,
classes) at each visit, (3) to examine probabilities of intra-individual stability in (or transition
from) substance use classes over time, and (4) to identify demographic factors contributing
to that transition.

Methods

2.1. Study design and participants

The Multicenter AIDS Cohort Study (MACS) is a prospective cohort study of the natural
and treated history of HIV among MSM in 4 US regions: Baltimore, Maryland/Washington,
DC; Chicago, Illinois; Los Angeles, California; and Pittsburgh, Pennsylvania/Columbus,
Ohio. Since its inception in 1984, a total of 7,352 HIV-positive and HIV-negative MSM have
been enrolled in the study over 4 periods: 4,954 in 1984-1985; 668 in 1987-1991; and 1,350
in 2001-2003 and 380 in 2011-current. Written informed consent was obtained from all
study participants, and the MACS protocol was reviewed and approved by the institutional
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review boards of each participating center (Johns Hopkins University, Northwestern
University, University of California Los Angeles, and University of Pittsburgh). The MACS
study design has been described previously (Kaslow et al., 1987).

MACS participants return every 6-months for physical examinations, collection of biological
specimen and laboratory testing, and completion of a detailed interview and questionnaires.
The interview and questionnaires include demographic, psychosocial, behavioral and
medical history data. Medical history data are collected by in-person interview and other
data collected using Audio Computer Assisted Self-Interviewing. The questionnaires are
available online at https://mwccs.org/.

This analysis utilizes a prospective cohort design to examine the substance use pattern at
each 6-month visit, estimate probabilities of transitioning from one substance use class to
another and identify factors predicting the transition. This analysis included data collected
from recreational substance use questions from study visit 40 (data collection in October
2004) through study visit 64 (data collection in April 2016). The analytical sample included
3,568 (1,968 HIV-positive/1,620 HIV-negative) men who participated in the MACS at any
visit between October 2004 and April 2016.

Measures

2.2.1. Substance use—Participants were asked to answer a series of questions related
to “recreational or street drugs” that they might have used since their last visit. Substances
include alcohol, marijuana, heroin, downers, ethyl chloride, GHB, poppers, speed ball,
cocaine, crack, MDA (ecstasy, XTC, X or MDMA), PCP, opiate, stimulants (crystal,
methamphetamines, speed, ice), and non-prescription sexual performance enhancing
medications. In this analysis we included dichotomized (no/yes) alcohol, marijuana, heroin,
poppers, cocaine, stimulants (crystal, methamphetamines, speed, ice), and sexual
performance enhancing (ED) medications use. They were selected based on their prevalence
of use (at least 5% of the participants reported the use).

2.2.2. HIV serostatus—HIV serostatus was assessed using enzyme-linked
immunosorbent assay with confirmatory Western blot tests on all MACS participants at each
participant’s initial visit and at every 6-month visit for participants who were initially HIV-
seronegative. Standardized flow cytometry was used to quantify CD4+ T-lymphocyte subset
levels.

2.2.3. Socio-demographic characteristics—Participants reported sociodemographic
characteristics including their date of birth, education level, annual income, and ethnic/racial
background (measured at baseline only). We calculated age at each visit using date of birth
and was treated as continuous and time-variant. Income was also treated as a continuous
measure with $10,000 (USD) increment and treated as time-variant. Educational level (high
school degree or less, some college, 4-year degree, some graduate work and graduate
degree) was measured at each visit, and treated as time-variant.
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2.3. Statistical Analysis

We carried out this analysis in four steps. First, we examined socio-demographic
characteristics, means, standard deviations, and normality assumptions of the measures.
Descriptive statistics were generated at the index visit using frequencies/percentages and
medians/ interquartile ranges (IQRs) where appropriate. The index visit was defined as a
participant's first visit during the observation period between October, 2004 and April, 2016.
We also calculated proportions of substance use at each visit and compared changes in
proportions over time using generalized estimating equations with robust estimators and
unstructured correlation matrix addressing non-independence of data across visits, adjusting
for demographic characteristics.

Next, we used LCA to identify substance use classes (type of substance used) at each visit
based on reported substance use in the last 6 months. Using Mplus 7.4 (Muthén & Muthén,
2015), a series of preliminary latent models with increasing number of classes were
estimated to identify a model with the optimal number of classes at each visit. We used the
sample adjusted Bayesian Information Criterion (BIC) and the Lo-Mendel-Rubin likelihood
ratio test (LMR-LRT: Lo et al., 2001), and bootstrapped likelihood ratio test (BLRT:
McLachlan and Peel, 2000) to identify how many classes best fit the data (Magidson and
Vermunt, 2004; Nylund et al., 2007).

In the third step, LTA was used to assess intra-individual stability of substance use patterns
from one visit to the next. We divided the 12-year time period into 1-, 2-, 3-, 4- and 6-year
intervals, however, considering computational time and non-convergent model (1- and 2-
year interval models did not converge), and to have adequate time intervals to assess
meaningful transition from one substance to another, we fit LTA with 3, 4 and 6-year time
intervals. In other words, we fit LTA to estimate probabilities of each participant
transitioning from the identified class (identified by LCA at the previous step) at year 2004
to the identified class at year 2007, and from 2007 to 2010, 2010 to 2013 and 2013 to 2016
(3-year interval); from 2004 to 2008, 2008 to 2012, and 2012 to 2016 (4-year interval); and
from 2004 to 2010, and 2010 to 2016 (6-year interval). As this analysis was exploratory and
to identify true transition between substance use classes at subsequent visits, we did not
constrain the number of classes at any of the follow up visits.

Once the LTA model was identified, we transferred class membership assignment (i.e., class
1=1; class 2 = 2, and so on) at years 2004, 2007, 2008, 2010, 2012, 2013 and 2016 for each
participant into STATA 13.1 (Statacorp LP, 2013). Next, we fit a series of multivariate
regression models predicting transition probabilities of each participant between classes
from 2004 to 2016 by 3, 4 and 6-year intervals, separately.

All latent variable analyses were done with a full-information maximum likelihood
estimator with robust standard errors. These models were estimated under a missing at
random assumption using all available data. We used several starting values to avoid the
issue of Jocal maxima and to ensure all values converged to identical solutions (Muthén and
Muthén, 2015). In this study, we specified 5000 sets of random starting values for the initial
stage and 500 optimizations for the final stage of maximum likelihood optimization. All
statistical tests were two-tailed.
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3. RESULTS
3.1. Participants

A majority of the participants (mean age 42.6 years; Std. deviation = 9.6) were non-Hispanic
White (67.8%), had above high-school education (66.2%), and reported an income of less
than thirty-thousand US dollars in the last year (63.7%; see Table 1).

3.2. Substance use over time

3.3.

Alcohol was the most reported substance of use followed by poppers, marijuana, ED
medications, stimulants (crystal, methamphetamines, speed, ice), cocaine, and heroin (see
Figure 1). The test of trend in proportions over time (including all 6-month visits between
2004 and 2016, and adjusting for age, HIV-status, race/ethnicity and educational level)
indicated that overall cocaine, and ED medications use decreased, but marijuana and heroin
use increased (see Figure 1). Increased age (i.e., growing older) was associated with
decreased use of substances over time. Non-Hispanic Whites were more likely to report
increased use of alcohol, poppers, and ED medications whereas non-White participants were
more likely to report increased use of heroin and cocaine over time. Participants with HIV-
positive status had higher odds of using marijuana, poppers, cocaine, stimulants and ED
medications.

Identification of substance use classes

At each visit, we fit LCA models with 2, 3, 4 and 5 classes and compared them on fit
indices. Based on relative lower aBIC values and smaller p—values on LMR-LR and BLTR
tests we identified that a 3-class solution best fit the year 2004, 2007 and 2008 data, and a 4-
class solution best fit the year 2010, 2012, 2013 and 2016 data (data not shown).
Considering the relatively lower/higher conditional probability of reporting of alcohol,
poppers, marijuana, stimulants, cocaine, heroin and ED medications use, we found a
Minimal use class (18% of the sample; no/minimal use of all substances), an Alcohol only
class (47% of the sample; higher alcohol use than Minimal use class) and an Alcohol-
Marijuana-Popper-Cocaine use class (35% of the sample; higher alcohol, marijuana, popper,
cocaine use compared to other two classes) in 2004.

In subsequent years results were similar with Minimal use class increasing slightly to 20%
by 2016, A/lcohol only class quite steady between 41-43%. Multiple use class expanded
beginning in 2012 to include Marijuana-Cocaine use class (8%) and an Alcohol-Marijuana-
Popper-ED use class (31%), while in 2013 combinations differed as A/lcohol-Popper-ED use
class (19%) and an Alcohol-Marijuana-Popper-Cocaine use class (19%) and in 2016 they
were Alcohol-Popper use class (22%) and an A/cohol-Marijuana-Cocaine-ED use class
(18%) (data not shown).

3.4. Transition between classes over 3, 4 and 6-year interval

We performed three separate latent transition analyses by 3, 4 and 6-year interval and the
results are reported in Table 2. Row percentages represent the percentage of participants
moved from (or stayed at) the identified class at reference year (7) to the class at follow up
year (7 + c). We observed higher percentages in the cross diagonal cells from top left to
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bottom right cells indicating intra-individual stability across classes (i.e., higher percentage
of participants staying in the same class). While results were generally similar using the
different intervals, the cross diagonal percentages were slightly higher with the shorter 3-
year interval (from 84.6% to 100%), than for the lower 6-year interval (72.2% to 95.7%).

Furthermore, we observed higher transition (i.e., higher percentage of participants not
staying in the same class) from the Minimal use class to other classes (i.e., increased use
over time) rather than from other classes to the Minimal use class (i.e., decreased use over
time). For example, for 3-year interval (2004-2007), 17% of the participants transitioned
from the Minimal use class to the Alcohol only class (16.7%) and to the Alcohol-Marijuana-
Popper-Cocaine use class (0.30%), but only 0.7% of the participants transitioned to the
Minimal use class from the Alcohol-Marijuana-Popper-Cocaine use class and none from the
Alcohol only class. For 4-year interval (2004-2008), 20.6% of the participants transitioned
from the Minimal use class, but none (0%) transitioned to the Minimal use class. However,
over a larger 6-year interval (2004-2010) we observed slightly more transitions (e.g., 27.8%
from, and 2.4% to the Minimal use class).

3.5. Factors predicting transition

Considering similar higher intra-individual stability between classes in 3-year and 4-year
interval LTA models (see Table 2), we fit regression models to identify factors for only 3 and
6-year interval transitions. We fit models for overall transition (i.e., any transition between
classes: 0= stayed in the same respective class and 1= moved to any other class) as well as
class-specific transition (i.e., 0= stayed in the same class and 1 = moved to another class
from the original class only). Increased age (i.e., growing older) was positively associated
with transition from the Minimal use class to the Alcohol only class during 2004-2007 (OR
=1.06, 95% ClI: 1.01-1.13; p<0.01) as well as during 2004-2010 (OR = 1.07, 95% CI:
1.01-1.1; p<0.05), but was negatively associated with transition from the A/cofiol only use
class to the Alcohol-Popper use class during 2007-2010 (OR = 0.98, 95% Cl: 0.96-0.99; p<
0.05). Non-White participants had lower odds of moving from one class to another class
compared to white participants. Higher educational level was associated with transition from
Alcohol only use class to Alcohol-Popper use class during 2007-2010 (OR = 1.27, 95% CI:
1.11-1.46; p< 0.001) as well as between 2004-2010 (OR = 1.22, 95% CI: 1.07-1.38; p<
0.01); and from Alcohol-Marijuana-Popper-Cocaine-ED use class to Alcohol-Popper use
class during 2007-2010 (OR = 1.41, 95% CI: 1.04-1.92; p< 0.001). We did not observe any
statistically significant differences on intra-class transition by HIV-status (see Table 3).

4. DISCUSSION

In one of the largest and longest running cohorts of MSM, we observed that substance use
was prevalent and using multiple substances simultaneously is not uncommon. Results
indicated an overall decline in cocaine, and ED medications use but an increase in marijuana
and heroin use over time. Similar trends were also reported by other national surveys of
MSM (see Sanchez et. al., 2019; Raymond et al., 2013). Further, results highlighted high
intra-individual stability, that is, MSM maintained use of the same substance(s) over longer
periods of time.
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Similar to previous research, our latent class analyses of substance use patterns at each visit
indicated that this sample of MSM was heterogeneous rather than a homogenous group in
terms of substance use (see Card et al., 2018b; Lim et al., 2015; Wilkerson et al., 2018).
Data consistently divided participants into three classes: a Minimal use class, an Alcohol use
class and a Multiple substance use class over follow-up time. However, we observed a three
class solution (Minimal use, Alcohol use and Multiple substance use class) during the early
cohort (2004-2009) and a four-class solution (Minimal use, Alcohol use, Alcohol-Popper
use and Multiple substance use class) in later years (2010-2016). We do not exactly know
why, but increased sample size and/or decreased cocaine and ED medications use might
have an impact on, and divided the Multiple substance use class into two separate classes.
Another explanation could be it was simply an older age-cohort effect (mean age (sd) = 53.2
(9.9) at 2010) as we have observed reduced use in each substances with increased age (see
Figure 1).

Latent transition analyses indicated high intra-individual stability across substance use
classes over time though there were reductions in specific uses. For example, the sizes of the
Minimal use class ranged from 17% to 20%, and from 42% to 49% for the Alcohol use
class. Results suggested that this sample of MSM was stable in terms of their choice of
substance, and less likely to change their choice of drug across shorter periods of time. Card
et al. (2018a) also reported strong longitudinal stability (ICC > 0.97) across classes over 2.5
years. In 3-year intervals we observed 0% - 15% participants transition between classes and
in 6-year intervals the percentages transitioning increased to 5% - 28% between classes.
Furthermore, we observed comparatively higher transition from the Minimal use class to the
other classes (i.e., increased use) rather than from the other classes to the Minimal use class
(i.e., decreased use). During the early cohort, (2004-2007) increased age was positively
associated with transition from the Minimal use class to Alcohol only class and was
negatively associated with transition from the A/cohol-Popper use class to Alcohol only
class during later cohort (2007-2010). These results support the notion that at younger age,
users are in exploration and in transition to more substance use, and at older age, users are in
stable stage.

Higher educational level was associated with transition from the A/cohol only use class to
the Alcohol-Popper use class, and from the Alcohol-Marijuana-Popper-Cocaine-ED use
class to the Alcohol-Popper use class during 2007-2010. We find the ‘two-edged’ effects of
higher education on transition quite interesting. In this sample age, education and income are
positively correlated (age-income: r=0.24; p<0.001; age-education: r=0.30; 0 <0.001;
education-income: r=0.53; p <0.001). Higher education level may be a proxy of increased
age as well as increased financial resources (i.e., income) that predicting transition to
increased substance use. Another possibility is that increased education level may be a proxy
of increased awareness and knowledge about harmful effects of substance abuse that
predicted transition to decreased substance use. Though we observed the effect of HIV-status
on individual substance use over time we did not observe any differences on intra-class
transition by HIV-status. Our results are consistent with breadth of research showing higher
prevalence of substance use (as well multiple substance use) (for a review see Melendez-
Torres and Bourne, 2016) and continued use over time (see Adams et al., 2018) among HIV-
positive MSM.
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We acknowledge several limitations of our analyses. We relied on self-reported substance
use, which presented the possibility of recall bias and/or under/over-reporting. Further,
dichotomized substance use variables were used for LCA and LTA, and this categorization
undermines richness of data as it ignores heterogeneity in both frequency of use and nature
of use. Thus, we did not capture transition in frequency of use, i.e, from frequent use to
occasional use. Second, this study used a nonrandom convenience sample and was restricted
to HIV-positive and -negative MSM in 4 major metropolitan regions. Therefore, these results
may not be generalizable to other MSM in the general population. Due to non-convergence,
we were unable to fit models assessing shorter time-intervals. Finally, due to low cell counts,
we could not explore race/ethnicity further.

5. CONCLUSION

In summary our results highlight several key points. LCA and LTA show that participating
MSM are a heterogeneous group in terms of substance use and simultaneous use of multiple
substances is prevalent. Despite overall decline in substance use in general, participants were
highly stable in terms of their choice of substances. The small transitions observed between
classes over time were not uni-dimensional i.e., not linear progression from single substance
use (less severe use) to multiple substance use (more severe use) or vice-versa. Even
considering the limitations of the study, results have practical implications. First, substance
use treatment should be substance-specific. Treatment targeting alcohol use might not work
for crystal methamphetamine or cocaine use. Second, treatment developers should be
mindful of the fact that MSM who use multiple substances simultaneously might have
different treatment needs than single substance using MSM (e.g., Meacham et al., 2018).
Third, reason to and/or the context of substance use as well as the preferred sex role (i.e.,
top/bottom) should also be considered in treatment development. For example, if
amphetamine like stimulant is used to enhance sexual sensation, or popper is used to
facilitate anal sex by increasing blood flow and relaxing sphincter muscles (e.g., a bottom in
a Party and Play: Frederick and Perrone, 2014; Friedman et al., 2008), or for being a
member of a Scene (e.g. micro-culture; Noor et al., 2018) treatment should target the reason,
the context as well as preference rather than treating them in silos. Finally, if we consider
long-term stable substance use of our participating MSM as a chronic relapsing illness
(NIDA, 2016), our results of longitudinal stability, especially for multiple substance use
class highlights the gap in the efficacy of the substance use treatments. Either our
participating MSM are not accessing the treatment, or the treatment may not be reaching
them; or if they do might not be very successful for substances like, alcohol, marijuana,
heroin and stimulants. Practitioners should consider longer treatment duration as well as
extended post-treatment follow-up assessment point to assess true effect of the treatment.
We hope these findings may be helpful as an empirical basis for designing tailored and
targeted prevention and treatment interventions for the heterogeneous substance use pattern
within this population. We caution against treating MSM as a homogeneous groups that
would lead to an under-appreciation of the diversity of prevention needs and treatment that
would be appropriate.
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Highlights

. Examined change in substance use over a 12-year period among 3,568 U. S.
MSM

. Using LTA investigated transitioning from one class of substance use to
another

. Alcohol use was the most prevalent followed by marijuana, popper, cocaine,
and ED

. Overall decline in cocaine, and ED use but an increase in marijuana and
heroin

. Participants maintained use of the same substance(s) over longer periods of
time
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aOR (95% Cl) a0R (95% CI) aOR (95% Cl) aOR (95% CI) aOR (95% Cl) aOR (95% CI) a0R (95% CI)
Time, (6 months) 0.99 ) et 1.04%* 0.99 0.98*** 1.00 0.98%x*
(0.99-1.00) (1.01-1.02) (1.01-1.06) (0.99-1.01) (0.97-0.99) (0.99-1.02) (0.97-0.99)
Age in years 0.98*** 0.97*** 1.00 0.98*** 0.98*** 0.95%** 0.99
(0.97-0.99) (0.96-0.98) (0.98-1.03) (0.97-0.99) (0.96-0.99) (0.94-0.96) (0.98-1.01)
Person of Color 0.60 *** 0.90 5.14%** 0;37%x% 2,22%%* 0.73 0.73**
(reference: White) (0.49-0.73) (0.76-1.06) (2.96-8.93) (0.35-1.51) (1.68-2.92) (0.53-1.02) (0.58-0.91)
HIV-Positive 0.84 1.31%%x 0.93 1,65%*% 1.31* 3:30%* 1.25%
(reference: Negative) (0.70-1.01) (1.13-1.53) (0.60-1.45) (1.39-1.96) (1.03-1.67) (2.39-4.56) (1.04-1.50)
Increased Education 1.06 0.98 0.65%** 1.12%** 0.83*** 1.02 1.05
Level (1.00-1.13) (0.94-1.02) (0.53-0.79) (1.06-1.18) (0.76-0.90) (0.92-1.12) (0.98-1.12)

Figure 1: Prevalence of substance use by year, and odds of change in each substance use over
time (2004 to 2016), MACS Study
Note. OR = Odds Ratio; models are adjusted for age, race/ethnicity, HIV-Status, and

education level; NMote. Education level was treated as continuous variable; *p <0.05, **p
<0.01, ***p<0.001
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Percentage (row) of participants who transitioned to another substance use class during follow-up, MACS

Study (2004-2016)

Time-interval
(Ref year, T -—
follow up year, T +c)

Percentage of participants transitioning and non-transitioning between

classes

3-year interval

Year 2004 ------ — Year 2007 n Minimal Use Class | Alcohol Only Alcohol-Marijuana-
(n=373) (n=1156) Popper-Cocaine Class
(n=647)
Minimal Use Class 38| 83 16.7 0.3
8
Alcohol Only 11|10 100 0
40
Alcohol-Marijuana-Popper-Cocaine 64 | 0.7 0.00 99.3
Class 8
Year 2007 ------ — Year 2010 Minimal Use Class | Alcohol Only Alcohol-Popper Class | Alcohol-Marijuana-
(n=376) (n=997) (n=177) Popper-Cocaine-ED
Class (n=626)
Minimal Use Class 37 | 92.6 3.6 0 3.8
3
Alcohol Only 11 | 1.6 84.6 12.9 0.8
56
Alcohol-Marijuana-Popper-Cocaine 64 | 1.9 17 7.1 89.4
Class 7
Year 2010 ------ — Year 2013 Minimal Use Class | Alcohol Only Alcohol-Popper-ED Alcohol-Marijuana-
(n=398) (n=981) Class (n=181) Popper-Cocaine Class
(n=616)
Minimal Use Class 37 | 95.9 3 11 0
6
Alcohol Only 4.6 91.8 1.0 25
Alcohol-Popper Class 910 0 100 0
7
Alcohol-Marijuana-Popper-Cocaine- 62 | 3.6 3.9 0 925
ED Class 6
Year 2013 ------ — Year 2016 Minimal Use Class | Alcohol Only Class | Alcohol-Popper Class | Alcohol-Marijuana-
(N=390) (n=993) (n=169) Cocaine-ED Class
(n=624)
Minimal Use Class 39 | 954 0 0.4 4.2
8
Alcohol Only 98 | 0 100 0 0
1
Alcohol-Popper-ED Class 1810 13.9 86.1 0
1
Alcohol-Marijuana-Popper-Cocaine 61 |0 0 0 100
Class 6

6-year interval
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Time-interval
(Ref year, T -—
follow up year, T +c)

Percentage of participants transitioning and non-transitioning between

classes

Year 2004 ------ — Year 2010

Minimal use Class
(n=328)

Alcohol Only Class
(n=857)

Alcohol-Popper Class
(n=194)

Alcohol-Marijuana-
Cocaine-ED Class
(n=571)

Minimal Class 34| 722 20.6 2.8 44
4

Alcohol Only Class 10]0 83.6 16.4 0
28

Alcohol-Marijuana-Popper-Cocaine 57 | 24 0.1 5.4 92.2

Class 8

Year 2010 ------ — Year 2016

Minimal use Class
(n=361)

Alcohol Only Class
(n=847)

Alcohol-Popper Class
(n=173)

Alcohol-Marijuana-
Cocaine-ED Class
(n=569)

Minimal use Class 22 92.5 0 4.6 2.9
Alcohol Only Class 35 9.2 89.5 0 13
Alcohol-Popper Class 4119 0 18.2 81.8 0
Alcohol-Marijuana-Cocaine-ED 57118 25 0 95.7
Class 1
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Predictors of transition to another substance use class, MACS Study (2004-2016)
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OR (95% Cl)

OR (95% Cl)

OR (95% Cl)

OR (95% ClI)

OR (95% Cl)

3 Year Interval: 2004-2007 2007-2010 2010-2013 2013-2016
Overall transition
Moved/stayed = Moved/stayed =189/1987 Moved/stayed Moved/stayed
17/2159 =42/2134 =20/2156

Age in years

1.06%* (1.01-1.11)

0.99 (0.98-1.01)

1.02 (0.99-1.06)

0.96* (0.93-0.99)

Person of Color
(Reference: White)

0.93 (0.33-2.67)

0.46%** (0.30-0.71)

0.73 (0.35-1.51)

0.55 (0.18-1.67)

HIV-Positive
(Reference: Negative)

0.64 (0.22-1.93)

1.06 (0.77-1.46)

1.07 (0.57-1.98)

1.67 (0.60-4.62)

Increased Education
Level

1.18 (0.70-1.97)

1.36%%* (1.21-1.52)

1.12 (0.88-1.43)

1.07 (0.74-1.56)

3 Year Interval: Class
Specific transition

Minimal use to
Alcohol only class

Alcohol only to
Alcohol-Popper
class

Alcohol-Marijuana-
Popper-Cocaine-ED
to Alcohol-Popper
class

Alcohol-Popper to
Alcohol only class

Moved/stayed =
16/372

Moved/stayed =
158/995

Moved/stayed =
19/623

Moved/stayed =
12/169

Age in years

1.06* (1.01-1.13)

0.98* (0.96-0.99)

1.00 (0.95-1.06)

0.97 (0.91-1.03)

Person of Color
(Reference: White)

0.62 (0.21-1.84)

0.50** (0.30-0.82)

0.14 (0.18-1.05)

0.44%* (0.26-0.72)

HIV-Positive
(Reference: Negative)

0.45 (0.14-1.49)

1.37 (0.95-1.98)

0.63 (0.25-1.64)

0.70 (0.18-2.73)

Increased Education
Level

1.35 (0.84-2.19)

1.27%%* (1.11-1.46)

1.41* (1.04-1.92)

1.54 (0.78-3.06)

6 Year Interval:
Overall transition

2004-2010

2010-2016

Moved/stayed = 217/1733

Moved/stayed = 71/1879

Age in years

1.01 (0.99-1.02)

1.01 (0.99-1.04)

Person of Color
(Reference: White)

0.57 (0.39-0.84)

0.67 (0.38-1.18)

HIV-Positive
(Reference: Negative)

1.04 (0.76-1.40)

1.03 (0.63-1.68)

Increased Education
Level

1.32%% (1.18-1.47)

1.03 (0.88-1.22)

6 Year Interval: Class
specific transition

Minimal use to
Alcohol only class

Alcohol only to
Alcohol-Popper use

Alcohol-Marijuana-
Popper-Cocaine-ED

Alcohol only
class to Minimal

Alcohol-Popper
class to Alcohol

class to Alcohol-Popper class only class
use class
Moved/stayed = Moved/stayed = Moved/stayed = Moved/stayed = Moved/stayed =
16/324 187/841 6/568 36/821 26/168

Age in years

1.07* (1.01-1.14)

0.99 (0.97-1.01)

1.02 (0.90-1.16)

1.01 (0.98-1.04)

1.03 (0.97-1.10)

Person of Color
(Reference: White)

1.02 (0.36-2.91)

0.54* (0.34-0.87)

0.73 (0.33-1.64)

1.22 (0.38-3.97)
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OR (95% ClI)

OR (95% Cl)

OR (95% Cl)

OR (95% ClI)

OR (95% Cl)

HIV-Positive
(Reference: Negative)

0.52 (0.18-1.56)

1.40 (0.99-1.97)

0.41 (0.08-2.25)

1.19 (0.61-2.35)

1.26 (0.51-3.12)

Increased Education
Level

1.32 (0.89-1.96)

1.22** (1.07-1.38)

1.26 (0.86-3.34)

0.93 (0.74-1.16)

0.93 (0.63-1.37)

Note. Education level was treated as continuous variable
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