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ABSTRACT OF THE DISSERTATION

Characterizing the dynamic relationship between methamphetamine use, sleep,
and sexual risk behaviors in men who have sex with men living

with or at high risk of acquiring HIV in Los Angeles

by

Allison Rosen
Doctor of Philosophy in Epidemiology
University of California, Los Angeles, 2022

Professor Pamina M. Gorbach, Chair

Background: Methamphetamine use is highly prevalent among men who have sex with
men and particularly those living with HIV, but knowledge of the long-term dynamics and
associated health outcomes is limited. This study aimed to longitudinally investigate the
interdependence between methamphetamine use, sleep deficiency and sexual and HIV risk
behaviors among men who have sex with men living with or at high risk of acquiring HIV in Los
Angeles, CA.

Methods: All analyses used data collected between August 2014 and February 2022
from a cohort of men who have sex with men living with or at high risk of acquiring HIV in Los
Angeles, CA. Chapter 2 used a multistate Markov model to compare natural histories of
methamphetamine use by HIV-status and substance use treatment status. Chapter 3 used
logistic regression and conditional growth curve models to investigate the association of

methamphetamine use with sleep deficiency. Chapter 4 used logistic regression to examine the



joint association of sleep deficiency and methamphetamine use with sexual risk behaviors, HIV
risk behaviors, STl incidence, and HIV viral load.

Results: In Chapter 2, those living with HIV were less likely to transition from no to
occasional methamphetamine use and from occasional to no methamphetamine use. Those
who reported receiving substance use treatment at a study visit were more likely to have
decreased methamphetamine use at their next study visit. In Chapter 3, those who reported
methamphetamine use were more likely to experience sleep deficiency than those who reported
no substance use; among those who reported methamphetamine use, depressive symptoms
and unstable housing were associated with sleep deficiency. In Chapter 4, sleep deficiency,
particularly among those who used methamphetamine occasionally, was associated with having
at least one new anal sex partner, having concurrent partners, having exchange sex, attending
a sex party, and missed HIV medications.

Conclusions: The prevalence of both methamphetamine use and sleep deficiency are
high among men who have sex with men living with or at high risk of acquiring HIV. Taken
together, these findings highlight the need for interventions that reduce frequency of

methamphetamine use, which may in turn improve sleep hygiene and reduce risk behaviors.
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1 Introduction

1.1 Background

Methamphetamine use is a significant public health problem that affects both individual
and community health. The United States is facing an unprecedented epidemic of substance
use and overdose; further research is needed to better understand how this epidemic is
affecting different regions of and subpopulations within the United States.

Not only is methamphetamine use life-threatening in itself, it is also associated with
numerous negative health consequences. People with substance use disorders, including those
who use methamphetamine, are at increased risk of acquiring infectious diseases such as
human immunodeficiency virus (HIV), hepatitis C virus (HCV), and sexually transmitted
infections (STI)."? Long-term methamphetamine use has also been associated with chronic
conditions such as depression, anxiety, insomnia, cognitive decline, cardiovascular disease,
and cancer.® In comparison to the general population, men who have sex with men (MSM), and
particularly MSM living with HIV are disproportionately affected by methamphetamine use. In a
nationally representative survey of MSM, 12% of those living with HIV and 6% of those who
were HIV-negative reported methamphetamine use.* Methamphetamine use is chronic and
relapsing, and treatment is challenging and difficult to access. Thus, it is important to investigate
factors influencing changes in methamphetamine use patterns over time, especially among
MSM.

MSM are also disproportionately affected by HIV, accounting for over half of the current
cases in the United States and 70% of new cases each year.® Given this high prevalence, it is
important to consider how methamphetamine use patterns may differ for MSM living with and
without HIV. The association between methamphetamine use and HIV acquisition in addition to

the stigma and stress associated with having HIV over and above identifying as MSM may



explain the even higher prevalence of methamphetamine use among MSM living with HIV.®
Methamphetamine use has been linked to poor medication adherence and higher viral loads in
MSM living with HIV, making it important to consider those living with HIV as an important
subpopulation of MSM when studying methamphetamine use.”®

MSM with and without HIV also experience a higher prevalence of many of the negative
health consequences that have been associated with substance use, including sleep problems.
Nearly half of MSM may experience sleep disturbance, and MSM are more likely to report sleep
disturbance than their heterosexual counterparts.’®'? However, the extent to which
methamphetamine use directly contributes to sleep deficiency is poorly understood. In addition,
methamphetamine use is strongly associated with sexual and HIV risk behaviors, but the joint
association between methamphetamine use and sleep deficiency among MSM is understudied,
and sleep deficiency has not been linked to measurable consequences of risk behaviors such

as STl acquisition and having a detectable HIV viral load.'"?

1.2 Study Aims and Conceptual Model

This study aimed to better understand the interdependence between methamphetamine
use, sleep deficiency, and sexual and HIV risk behaviors in a cohort of MSM living with or at
high risk for acquiring HIV. This analysis was guided by the conceptual model presented in
Figure 1.1, and had three aims, which are presented in Chapters 2-4.

First, in Chapter 2, a multistate Markov model was designed to compare natural histories
of methamphetamine use by HIV-status and substance use treatment status. Second, in
Chapter 3, logistic regression and conditional growth curve models were used to investigate the
association of methamphetamine use with sleep deficiency. Third, in Chapter 4, logistic
regression was used to examine the joint association of sleep deficiency and methamphetamine
use with sexual risk behaviors, HIV risk behaviors, STI incidence, and HIV viral load. The

conceptual model displays the proposed relationships between methamphetamine use, sleep



deficiency, and sexual and HIV risk behaviors, as well as the background factors that may

influence these connections.

Figure 1.1 Conceptual Model of the interdependence between methamphetamine use, sleep deficiency, and
sexual and HIV risk behaviors in MSM
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2 Trajectories of methamphetamine use among men who have sex with men
living with or at high risk of acquiring HIV

2.1 Abstract

Background: Methamphetamine use is highly prevalent among men who have sex with
men and particularly those living with HIV, but knowledge of the long-term dynamics of
methamphetamine use is limited. This study described trajectories of methamphetamine use
among men who have sex with men and compared trajectories by HIV-status and substance
use treatment status.

Methods: This analysis selected individuals from a cohort of men who have sex with men
in Los Angeles, CA who participated in semi-annual study visits from August 2014 to February
2022. Trajectories of methamphetamine use were characterized using a continuous time multi-
state Markov model with three states. States were defined using self-reported frequency of
methamphetamine use in the past six months: frequent (daily), occasional (weekly or less), and
never. Trajectories were compared by HIV-status. Observed transitions between states were
compared for those who reported receiving current treatment for substance use and those who
did not.

Results: This analysis included 2348 study visits among 285 individuals, of whom 181
(64%) were living with HIV. The average follow-up time was 4.4 years. Controlling for age and
race/ethnicity, those living with HIV were less likely to transition from none to occasional use
(HR: 0.67, 95% CI: 0.48 — 0.95) and from occasional to no use (HR: 0.53, 95% CI: 0.39 — 0.72).
HIV-status was not associated with transition from occasional to frequent or frequent to
occasional use. Among those who reported frequent use and receiving treatment at a study
visit, 35% (n=14) reported continued frequent use at their next visit compared to 68.2% (n=191)

of those who were not receiving treatment.



Conclusions: This study used dynamic modeling to study multiple transitions on the
methamphetamine use trajectory and provides important insight into differences in
methamphetamine trajectories by HIV-status as well as the potential impact of substance use

treatment on future reduction of methamphetamine use.

2.2 Background

Methamphetamine use is a significant public health problem that affects both individual
and community health. Between 2007 and 2019, the methamphetamine and other stimulant-
involved opioid overdoses increased by 16,200% among non-Hispanic Black Americans and
4,600% among Hispanic Americans.™ In addition, methamphetamine was involved in 37.7% of
overdose deaths in the western United States in 2017, making it the most common drug
involved in overdose deaths in this region."

Methamphetamine use disproportionately affects men who have sex with men (MSM),
people living with HIV (PLWH), and especially MSM living with HIV."®'" In a nationally
representative survey of MSM, 12% of PLWH reported methamphetamine use compared to 6%
of those who were HIV-negative.*

While methamphetamine use is often initiated to induce feelings of pleasure and
euphoria, repeated use can result in needing to use in order to prevent adverse physical and
psychological symptoms despite negative consequences of use.' This compulsion and loss of
control is a consequence of changes to the brain that are caused by this highly addictive drug.
In fact, it is well-established that addiction is associated with changes in impulse control, affect
regulation, and behavioral inhibition.'®

Both the aforementioned neurological changes and a multitude of individual and societal
factors make methamphetamine use a highly dynamic behavior that involves changing patterns
of use as well as periods of abstinence. Those who use methamphetamine can often be split

into two groups, those who use frequently and those who use occasionally. Those who use



frequently tend to be dependent on methamphetamine, while those who use occasionally tend
to use methamphetamine in social and sexual settings.?>?? In order to better understand
methamphetamine use, its determinants, and potential targets for intervention, this behavior
must be conceptualized as a chronic disorder and studied longitudinally.

Trajectories of methamphetamine use, and of substance use in general, are
understudied. Many previous analyses of substance use trajectories focus on one transition of
interest, usually injection initiation or cessation.?*?® A number of studies have built upon those
that focus on only one transition by using methods such as latent class analysis to group
individuals into different stages of the substance use trajectory. The results of an analysis of
individuals in Baltimore categorized participants based on frequency of use and mode of
administration, finding that 53% ceased use, 16% frequently relapsed, and 32% persistently
injected over time.?” A study of African-American MSM found three states: poly substance
users, alcohol/marijuana users, and unlikely problematic substance users, with 18%, 33%, and
50% membership, respectively.?® Another analysis of MSM yielded an additional, distinctive high
risk group that was defined by use of sex drugs, including methamphetamine.?® Further analysis
identified factors associated with membership in each group; many of the factors associated
with membership in illicit use groups were common among studies: unstable housing, engaging
in transactional sex, substance use during sexual activity, and other high-risk sexual behavior.?

While latent class analyses have made important contributions to the understanding of
stages of the substance use trajectory, they fail to consider the dynamic nature of this behavior.
These analyses assign individuals to stationary states in the trajectory based on longitudinal
data rather than considering how individuals’ substance use behavior changes over time. In
fact, analyses that determine factors associated with group membership assume that group
membership does not change over time. A study of the stability of latent classes in a population
of MSM found that 26% of participants transitioned between classes. While the authors of this

study concluded that this suggests relative stability of latent classes for substance use



trajectories, the follow-up period for the study was only 2.5 years. In addition, the authors note
that classes may be less stable in populations where substance use patterns are determined by
fluctuating extrinsic factors such as income, housing, drug supply, and access to substance use
treatment.*

Given limited research on longitudinal substance use trajectories and no specific studies
of methamphetamine use trajectories to our knowledge, novel analyses that take into account
the long-term, dynamic nature of methamphetamine use over time are needed to adequately
characterize methamphetamine use trajectories among MSM. In addition, methamphetamine
use trajectory studies have not explicitly compared the trajectories of HIV-positive and HIV-
negative MSM. This study aims to describe trajectories of methamphetamine in a cohort of

MSM in Los Angeles, as well as compare trajectories in PLWH and those who are HIV-negative.

2.3 Methods

Data Source

The present analysis used data from mSTUDY, a National Institute on Drug Abuse
(NIDA)-funded cohort in Los Angeles based at the University of California, Los Angeles that
began enrolling participants in 2014. The mSTUDY cohort includes mostly Black/African
American and Latino/Hispanic MSM aged 18-45 with a history of drug use; half of participants
are HIV positive. Every six months, study participants complete a behavioral survey and provide
biospecimens. Due to the COVID-19 pandemic, between March 2020 and June 2021,
participants completed the behavioral survey remotely and did not provide biospecimens.

Inclusion criteria for mSTUDY include being between age 18 and 45 at baseline,
assigned male sex at birth, ability to provide informed consent, and willingness to return for
follow-up visits. Participants must also be HIV-positive or report high risk for HIV acquisition

(condomless anal intercourse with a male partner in the past six months). Having self-reported



methamphetamine use at one or more study visits was also required for inclusion in the present
analysis.
The University of California, Los Angeles Institutional Review Board approved the study,

and all participants provided written informed consent.

Measures

Frequency of methamphetamine use was measured by self-report using a version of the
Alcohol, Smoking and Substance Involvement Screening Test (ASSIST) that was adapted to
capture substance use in the past six months.*! Participants reported frequency of
methamphetamine use as daily, weekly, monthly, less often, once, or never. For this analysis,
frequent use was defined as daily use; occasional use was defined as weekly, monthly, less
often, or onetime use.

Baseline HIV-status was determined by a blood test. Age was categorized using a
median split in order to preserve statistical power in analyses. Race/Ethnicity was categorized
as Black/African American, Hispanic/Latinx/Spanish, white, and other. Receiving substance use

treatment was self-reported and the specific substance(s) was not specified.

Model Description

Trajectories of methamphetamine use were characterized using a continuous time
Markov Chain, which, by definition, is stochastic. An important feature of Markov processes is
that they are memory-less: the future state of the system depends only on the current state of
the system.?

The model tracks the state, S, of an individual at time t: S(t). The ways an individual may
move through the states of the model are defined by transition intensities, which represent the
instantaneous risk of transition between two states. The transition intensities may be stored in a
square matrix, @, with rows and columns equal to the number of states in the model. g

represents the instantaneous risk of transition from state i to state j. Q is called the transition



rate matrix, and its rows sum to zero. Entries on the diagonal of Q represent the negative sum of
the other intensities stored in that row. Entries in Q are set to zero if the instantaneous risk of

transition from state i to state j is impossible. For a model with three states:

d11 912 Y13 —(q12 + q13) q12 q13 (1)
Q= |921 G2z Cq23|= qz21 —(q21 + q23) qz23
431 432 (33 431 kY —(q31 + q32)

The model can be written as an equation in terms of Q and the probability distribution, p:
Ps+t = psth (2)

where p,.; is a row vector representing the probability distribution at time s + t. One way to
explore the projected probability distribution over timeistotaket = 1ands = 0,1,2,...to
find the probability distribution at time 1, 2, ...

Trajectories of methamphetamine use were defined by three categories of frequency:
none, occasional, and frequent. The model did not include an absorbing state for loss to follow-
up or death; since mSTUDY began, 93% of participants remain enrolled and there has been

less than 1% mortality.

Figure 2.1 Trajectories of methamphetamine use model diagram

/\ /\ /\

-_ -_ Frequent

None —_— — (daily)

The model was designed with seven possible transitions, as represented by the arrows
in Figure 2.1. Participants could increase frequency from None to Occasional or Occasional to
Frequent, decrease frequency from Frequent to Occasional or Occasional to None, or they
could remain in each of the three respective states. It was assumed that model parameters do

not change over time, and that there were no transitions between non-adjacent states in the



model. Participants who reported non-adjacent transitions at time t and t + 1 were assumed to
have traveled through the adjacent state.

Parameter estimation was performed using the msm package in R.*® Using the observed
state of each participant at each study visit, maximum likelihood estimation was used to
estimate the transition intensities. The estimation method assumed that the observed data were
panel data from a time-homogeneous process. Panel data are data collected on a continuous
time process that is observed periodically; the time of observation does not influence the
observed value and thus the transition intensities. This is a reasonable assumption, as
mSTUDY participants are observed biannually, and the timing of study visits do not influence
frequency of methamphetamine use.

Based on Equation ( 1) and Figure 2.1, four transition intensities were estimated and

Q was defined as:

ann  qno —(@no) ano 0 (3)
Q= QON Qoo dor| = CION —(4qon + 90F) dor
dro 4rF qdro —(4ro)

where None is represented by N, Occasional is represented by 0, and Frequent is represented
by F.
Analytic Strategy

Before modeling trajectories of methamphetamine use, univariate and bivariate analyses
were used to describe the study sample. Baseline methamphetamine use, age, and
race/ethnicity were compared for PLWH and those who were HIV-negative. In addition, the
number of observed transitions among the total study population, PLWH, and those who were
HIV-negative was computed by tabulating participants’ frequency of methamphetamine use at
visit t — 1 and visit t.

Three increasingly complex multistate models were estimated. The first model estimated

trajectories of methamphetamine use without covariates. The second model compared

10



trajectories of methamphetamine use for