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Major: Epidemiology
Marijuana use is common among HIV-positive individuals and although in some
individuals its use has been associated with therapeutic benefits, its use is also
associated with adverse clinical and behavioral outcomes. Very little is currently known
the prevalence of and factors that contribute to marijuana use in HIV-positive
individuals. There are also few published reports on individual patterns of marijuana use
and predictors of these patterns. Importantly, data on the effect of long-term effect of
marijuana use on cognitive function is limited. The objectives of this dissertation are to:
(1) examine trends in the prevalence and predictors of marijuana use; (2) identify
distinct individual patterns and predictors of these patterns of marijuana use and (3)
determine the long-term effect of marijuana use on cognitive performance.
Study 1 showed that the prevalence of marijuana use declined, but daily use
(among users) increased over time (1984-2013). The results also demonstrated that
HIV-positive as compared to HIV-negative individuals had higher prevalence of
marijuana use over time. In study 2, a growth mixture modelling approach was used to
identify four distinct individual patterns of marijuana use over a 29-year period (1984-
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2013); abstainer/infrequent (65%), decreaser (13%), increaser (12%) and chronic high
(10%) use groups. Among the HIV-positive individuals, having a detectable viral load
was associated with increasing marijuana use in individuals in the increaser group only.
In study 3, cumulative marijuana exposure was expressed as marijuana use-years. In
fully adjusted linear mixed-effect regression models, there were no significant adverse
associations between cumulative exposure to marijuana and 17-year changes in
measures of cognitive function including processing speed, executive function and
verbal memory. The findings from the three studies have advanced our knowledge of
marijuana use among HIV-positive individuals and its effects on cognitive performance.
Our findings also inform areas of future investigations.
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CHAPTER 1
INTRODUCTION AND LITERATURE REVIEW
The HIV Epidemic
Human immunodeficiency virus (HIV) is the virus that causes Acquired
Immunodeficiency Syndrome (AIDS). HIV causes progressive failure of the immune
system (decreased in CD4+ cells, but also other aspects of immunity including B-cell
function and innate inflammation) with the emergence of life-threatening opportunistic
infections. Studies have estimated that, if left untreated, the median time from initial
infection until death is about 10 years (Morgan et al., 2002). Since the epidemic began
in 1981, HIV has claimed nearly 675, 000 lives in the United States (CDC, 2015) and 25
million lives worldwide (WHO, 2013). Since the introduction of combination antiretroviral
therapy (cART) in the mid1990s, death from HIV/AIDS has drastically declined and the
life expectancy of HIV-positive individuals in North America is nearly similar to the
general uninfected population (Palella et al., 1998; Samji et al., 2013).
The Centers for Disease Control and Prevention (CDC) estimates that more than
1.2 million people are living with HIV infection in the United States, including nearly 156,
000 (12.8%) who are unaware of their infection (CDC, 2012). Because of treatment
advances, more HIV-positive individuals are living longer and thus the number of HIVpositive individuals has increased dramatically. However, the number of new infections
has remained relatively stable at about 50, 000 new infections per year (CDC, 2015).
Current trends indicate that some groups are disproportionately represented in the
HIV/AIDS epidemic: men who have sex with men (MSM) represent the group with the
largest number of new infections and burden of HIV infection. By race/ethnicity African
Americans and Hispanics are the most heavily affected in the United States (CDC,

11

2015). The greater burden of HIV in these groups are in part due to a number of social
and economic challenges including lack of access to care, discrimination, stigma,
homophobia, incarceration and poverty (CDC, 2015).
Although there is currently no cure for HIV, advances in treatment, including the
availability of cART can help HIV-positive individuals reduce the amount of the virus in
their body and can also significantly reduce the risk of transmitting HIV to others (Cohen
et al., 2011). In fact, in the current cART era, clinical care for of HIV-positive individuals
has shifted from an acute infection with high mortality rates to the management of a
chronic illness. These developments have changed the approach to HIV prevention in
the United States. The vision of the National HIV/AIDS Strategy is to ensure that
everyone with HIV is aware of his or her infection and receives treatment. In addition,
the CDC’s high-impact HIV prevention strategy, aims to achieve the greatest possible
reductions in HIV infections by making sure that resources go to regions, populations
and prevention strategies where they will have the greatest impact (Gardner, McLees,
Steiner, Rio, & Burman, 2011). In July 2013, President Obama established the HIV
Care Continuum Initiative (“Executive Order -- HIV Care Continuum Initiative,” 2013).
The HIV Care Continuum or sometimes referred to as the HIV Treatment Cascade is a
model that outlines the sequential steps of HIV medical care that HIV-positive
individuals go through from initial diagnosis to the goal of viral suppression and shows
the proportion of HIV-positive individuals who are engaged at each step. The four major
steps of the HIV care continuum include HIV testing and diagnosis, getting and keeping
HIV-positive individuals in medical care, prescribing ART and helping HIV-positive
individuals achieve viral suppression. According to the most recent CDC data (2015) of
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the approximately 1.2 million of HIV-positive individuals in the United States, 86%, 40%,
37% and 30% were diagnosed, engaged in medical care, prescribed ART and achieved
viral suppression respectively (CDC, 2014). Also, the World Health Organization (WHO)
now recommends that ART should be initiated among all adults with HIV regardless of
CD4 cell counts(World Health Organization, 2015).
The Intersection of Drug Use and HIV Infection
Since the beginning of the HIV epidemic, researchers have linked drug use and
abuse to HIV/AIDS. It was recognized that HIV was spreading among injection drug
users (IDU) (Masur et al., 1981). The sharing of contaminated needles, syringes and
injection paraphernalia provide one of the most effective transmission of HIV (Heimer,
Myers, Cadman, & Kaplan, 1992). In 2006, one study estimated that approximately 3
million IDUs might be living with HIV worldwide. In the United States, the prevalence of
HIV infection among IDUs is estimated to be about 16% (Mathers et al., 2008).
Alcohol use and other illicit drug use are also common among of HIV-positive
individuals. In the Women’s Interagency HIV Study (WIHS) – the largest multisite
longitudinal cohort study of women living with or at-risk for HIV infection in the United
States – during the period 1994-2006, 50% reported ever using alcohol, including 11%
who were either persistent heavy drinkers or increased to heavy drinking over time
(Cook et al., 2013). Among men living with HIV, prevalence of any alcohol use is even
higher: between 46% and 85% reporting any alcohol use in the past six months, with
12.5% reporting consistent hazardous drinking (Marshall et al., 2014, 2015). Prevalence
of smoking among HIV-positive individuals has been estimated to be between 25% and
51% (Akhtar-Khaleel et al., 2015; DʼSouza et al., 2012; Hessol et al., 2014; Pacek,
Harrell, & Martins, 2014), although recent data indicate that the rates are on a decline
13

(Akhtar-Khaleel et al., 2015; Hessol et al., 2014). In the WIHS, 12% reported using
cocaine at their baseline visit (DʼSouza et al., 2012). In a recent study including over
3,000 HIV-positive individuals receiving medical care across four cities in the United
States, 9% used amphetamines and 8.5% used crack-cocaine in the past 3 months
(Mimiaga et al., 2013).
Alcohol use – particularly binge drinking (defined as 5 or more drinks for men and
4 or more drinks for women at a sitting) (“NIAAA: National Institute of Alcohol Abuse
and Alcoholism. Helping patients who drink too much: a clinician’s guide. Rockville, MD:
NIAAA Publications Distribution Center; 2005.,.) has been associated with high risky
sexual behaviors and having a sexual transmitted disease (Cook & Clark, 2005; Hutton,
McCaul, Santora, & Erbelding, 2008). Alcohol (Young, Wood, Dong, Kerr, & Hayashi,
2015), methamphetamine, poppers and other stimulant use (Ostrow et al., 2009;
Plankey et al., 2007) have been associated with increased risk for HIV seroconversion.
Alcohol, smoking and illicit drug use has been linked to decreased ART adherence
(Arnsten et al., 2002; Chander, Lau, & Moore, 2006; Newville, Berg, & Gonzalez, 2014;
O’Cleirigh et al., 2015), lack of virologic suppression (Baum et al., 2009; Chander et al.,
2006; Hile, Feldman, Alexy, & Irvine, 2016; O’Cleirigh et al., 2015), cognitive impairment
(A. M. Anderson, Higgins, Ownby, & Waldrop-Valverde, 2015; Cristiani, Pukay-Martin, &
Bornstein, 2004; Gonzalez, Schuster, Vassileva, & Martin, 2011; Meade, Towe, Skalski,
& Robertson, 2015; Rothlind et al., 2005), poorer quality of life (Allshouse et al., 2015)
and increased HIV disease progression (Baum et al., 2009). Alcohol use has also been
associated with worsening of HIV-associated neuropathy (Lopez, Becker, Dew, &
Caldararo, 2004) and faster liver disease progression and liver associated mortality
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(Cooper & Cameron, 2005). In one study, smoking cigarettes was strongly associated
with cardiovascular risk and multimorbidities including hypertension, liver disease and
diabetes (Hasse et al., 2015).
Marijuana use is also increasingly common among HIV-positive individuals. Its
use has been associated with the relief of a wide range of symptoms including nausea,
pain, lack of appetite, depressed mood and sleep problems many of which HIV-positive
individuals frequently experience (Corless et al., 2009; Furler, Einarson, Millson,
Walmsley, & Bendayan, 2004). However, there is currently limited empirical data to
support the efficacy of the clinical benefits of marijuana (Lutge, Gray, & Siegfried, 2013).
More importantly, marijuana use has also been associated with a wide range of adverse
health effects. Therefore, it is important to continually monitor prevalence and patterns
of marijuana use among HIV-positive individuals– to identify subgroups more likely to
have patterns of harmful or unhealthy use [or potential benefit] and thus help guide
targeted prevention efforts.
Pharmacodynamics of Marijuana
Marijuana (the plant) contains about 80 compounds that are unique to the plant
including delta-9-tetrahydrocaannabinol (THC) – which is the main constituent
responsible for the psychoactive effects of marijuana. Following consumption, THC
binds to specific receptors located in brain, which are termed cannabinoid receptors 1
(CB1). CB1 receptors are abundant in the basal ganglia (including the globus pallidus
and substantia nigra), cerebellum, and cerebral cortex, with moderate concentrations in
the amygdala, and hippocampus (Glass, Dragunow, & Faull, 1997; Herkenham et al.,
1990). These areas of the brain are involved in a number of cognitive functions
including coordinating movement/motor function, executive functions and
15

learning/memory functions. CB1 receptors within these brain regions are found mainly
on presynaptic neurons – which are specialized areas within the axon of the presynaptic
cell that contains neurotransmitters involved in the regulation of neurotransmission
(Glass et al., 1997; Herkenham et al., 1990).
Activation of CB1 receptors by exogenous ligands that bind to it such as THC
inhibits the synthesis of adenylyl cyclase – an enzyme used in the production of cyclic
adenosine monophosphate (cAMP) which is an important compound needed to initiate
nerve impulses(Devane, Dysarz, Johnson, Melvin, & Howlett, 1988). Reduction in cAMP
formation results in many of the processes requiring cAMP to subsequently slow
down(Bidaut-Russell, Devane, & Howlett, 1990; Devane et al., 1988). In addition,
activation of CB1 receptors inhibits calcium channels (Ca2+) responsible for Ca2+ influx
into the neurons. Decreased influx of Ca2+ in the neurons decreases neurotransmitter
release(Pertwee, 1997). In contrast to closing Ca2+ channels, activation of CB1
receptors opens potassium (K+) channels of the neuron increasing K+ conductance
(McAllister & Glass, 2002; Pertwee, 1997). Activation of K+ conductance produce a
shunting effect and decreases the rate of neurotransmitters release from the neurons
(McAllister & Glass, 2002; Pertwee, 1997). Therefore, THC by binding to and activating
CB1 receptors and inhibiting cAMP, decreasing Ca2+ influx and increasing K+
conductance, modulate neurotransmitter release and alter normal communication
between nerve cells to produce some of the cognitive effects of marijuana following
administration. It is important to note that a second type of cannabinoid receptors 2
(CB2) have also been identified and are present mostly in cells and tissues of the
immune system and is proposed to be activated by the binding of other major
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cannabinoids including cannabinol (CBN) and cannabidiol (CBD) (Mechoulam & Shvo,
1963; Munro, Thomas, & Abu-Shaar, 1993). CB2 expression in immune cells have been
proposed to play a role in the anti-inflammatory effects and potential therapeutic
benefits of marijuana use (Rom & Persidsky, 2013).
Prevalence and Predictors of Marijuana Use in HIV-Positive Individuals
Past studies have reported that between 14% and 56% of HIV-positive
individuals report past six months marijuana use (DʼSouza et al., 2012; Furler et al.,
2004; Harris et al., 2014; Mimiaga et al., 2013; Prentiss, Power, Balmas, Tzuang, &
Israelski, 2004; Skeer et al., 2011; Ware, Rueda, Singer, & Kilby, 2003). Among 503
HIV-positive MSM receiving primary care at Fenway Health – the largest HIV care
center in New England, 33.8% reported marijuana use within the past 3 months (Skeer
et al., 2011). Recent data from the WIHS found 14% reporting past 6 months marijuana
use in 2010 with prevalence of daily use to be 6.1% among all women and 51% among
users (DʼSouza et al., 2012). In a multicenter cohort of HIV-positive individuals receiving
care in 4 cities in the United States between 2005 and 2010 in the Centers for AIDS
Research Network of Integrated Clinical Systems, found that 24% reported using
marijuana in the past 3 months marijuana (Mimiaga et al., 2013).
The United States Drug Enforcement Agency (DEA) currently classifies
marijuana as an illegal schedule 1 substance. Under this classification, the DEA regards
marijuana as having no acceptable medicinal use with a high potential for addiction with
long-term use. However, in recent years, state laws have evolved; 23 states have
passed laws allowing recreational and/or medicinal marijuana and more states are
considering passing similar laws. Thus, it is important to understand how the present
climate may contribute to increased prevalence of marijuana use. Already, data from the
17

general United States population 18 years of age and older suggests that prevalence of
marijuana use increased from 4.1% in 2001-2002 to 9.5% in 2012-2013 (Hasin DS,
Saha TD, Kerridge BT, & et al., 2015). Few studies have assessed trends over time in
the prevalence of marijuana use among HIV-positive individuals. D’Souza et al. (2012)
(DʼSouza et al., 2012), in a recent study, described the rates of marijuana use in a
longitudinal cohort of HIV-positive women (n=2776) and found an overall decrease
(from 21% to 14%) in past-year marijuana use over a period of 16 years (1994 – 2010).
However, the authors found that daily marijuana use (among past-year users) increased
from 18% to 51% during the sample time period.
Predictors of marijuana use: Sociodemographic factors associated with
marijuana use among HIV-positive individuals are nearly similar to that among the
general uninfected persons. Younger age, male gender, sexual minority status,
racial/ethnic minority status, lower income, lower educational status, internalizing
behaviors (e.g. depressive symptoms) and externalizing behaviors (e.g. delinquency)
have been associated with marijuana use (David, Catalano, & Miller, 1992). However,
as some HIV-positive individuals use marijuana to relieve HIV related symptoms and
side effects of ART (Woolridge et al., 2005), predictors of use may be different that
those in the general uninfected population. Accordingly, some studies have found
associations between HIV markers of disease progression and marijuana use (Abrams
et al., 2003; Milloy et al., 2015). In addition, passage of medical marijuana laws (MMLs)
may be associated with increased availability and easier access to marijuana and may
contribute to increased marijuana use among HIV-positive individuals. There is
presently much debate on whether passage of these laws increase marijuana use in the
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general population as several studies has reported conflicting results (D. M. Anderson,
Hansen, & Rees, 2015; Cerdá, Wall, Keyes, Galea, & Hasin, 2012; Harper, Strumpf, &
Kaufman, 2012; Hasin DS et al., 2015; Lynne-Landsman, Livingston, & Wagenaar,
2013; Wen, Hockenberry, & Cummings, 2015). However, nearly all of the studies
assessing MMLs as a risk factor for increased marijuana use have been in adolescent
samples. Passage of MMLs may also affect marijuana use in HIV-positive individuals as
nearly all of these laws list HIV/AIDS as a qualifying condition for medical marijuana
(Wilkinson, Yarnell, Radhakrishnan, Ball, & D’Souza, 2016). There is currently no
published report addressing whether passage of medical marijuana law contributes to
increased marijuana, use among HIV-positive individuals.
Most of aforementioned studies have been cross-sectional and of those utilizing
data from longitudinal studies have employed a variable-centered analytical approach –
with the goal of evaluating trends and predictors of marijuana use represented by
population averages rather than individual variability. One drawback to a variablecentered analytical approach is that they are less generalizable to individuals with
substantial variability in marijuana use from the population average. Thus, this type of
analytical approach may not adequately characterize associations between potential
risk/protective factors and marijuana use for the majority of individuals in a given sample
(Dierker, Rose, Tan, & Li, 2010). The advancement of statistical methods now allow the
use of a pattern-centered (sometimes called person-centered, group-based or trajectory
analysis) analytical approach to uncover individual heterogeneity in substance use over
an extended period of time (Muthén & Shedden, 1999; Nagin, 2005).
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Trajectories of Marijuana Use
There is widespread acceptance of the concept multiple trajectories or pathways
of a behavioral, social or biological process over time (Cicchetti & Rogosch, 1996). With
regard to marijuana use, what these suggest is that not all marijuana users follow the
same developmental trajectory of use over time – i.e. there may be substantial
individual variability in marijuana use that differ from the population average. For
example, it is possible that some persons who initiate marijuana will progress over time
to become persistent heavy/problematic users, whereas others will follow a persistent
moderate or light use over time. Furthermore, some may not follow a stable pattern, but
have patterns that fluctuate over time, such as those who reduce use with increasing
age. These different trajectories may reflect different etiological pathways toward the
progression of marijuana use over time. Therefore, developmental trajectory research
aims to uncover these different subgroups of individuals within a population. Uncovering
these different developmental trajectories of marijuana use over time may help identify
subgroups of individuals with the greatest risk of progressing to harmful/unhealthy
patterns of marijuana use. In addition, developmental trajectory research can help
identify modifiable predictors of these different developmental trajectories, which may
be useful in the design of targeted intervention programs to prevent or slow the
progression to heavy or unhealthy patterns of use.
Numerous studies have described trajectories and predictors of marijuana use
with most studies identifying a range of 3 to 7 distinct trajectories of marijuana use
(Brook, Lee, Brown, Finch, & Brook, 2011; Brown, Flory, Lynam, Leukefeld, & Clayton,
2004; Eassey, Gibson, & Krohn, 2014; Ellickson, Martino, & Collins, 2004; Juon,
Fothergill, Green, Doherty, & Ensminger, 2011; Nelson, Van Ryzin, & Dishion, 2015;
20

Passarotti, Crane, Hedeker, & Mermelstein, 2015; Schulenberg et al., 2005; Whitesell et
al., 2013; Windle & Wiesner, 2004). All of these studies have identified a group with
no/low marijuana use and a group with persistent heavy use over time. Some of these
studies report on antecedents or risk factors of the different trajectories of marijuana use
trajectories. One study by Kuo et al. (2010) found that male late starters were more
likely to be aggressive than abstainers (Kuo et al., 2004). Another more recent study
found that relative to a group following a trajectory of non-escalating marijuana use over
time, those in the escalating trajectory had higher antisocial behavior (Passarotti et al.,
2015). Brook et al. (2011) found that the chronic marijuana use trajectory was
associated with criminal behavior (Brook et al., 2011). Also, one study found that among
those following a trajectory of persistent heavy user over time had an increased
likelihood of a marijuana disorder in adulthood relative to other marijuana use
trajectories (Windle & Wiesner, 2004).
However, almost all these studies have focused on adolescents, youths and
young adults i.e. within 12 through 32 years of age and thus may fail to capture patterns
of use that occur later in the life course. There is currently no published data on
trajectories of marijuana use among HIV-positive individuals. Given that HIV-positive
individuals use marijuana for different reasons (i.e. medical versus recreational),
different trajectories and predictors of the different trajectories of marijuana use among
HIV-positive individuals may exist. The importance of a deeper understanding into how
trends in the prevalence of marijuana use over time has evolved and the uncovering of
different individual patterns of use cannot be overemphasized. While marijuana use has
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been associated with some therapeutic benefits, its use has also been associated with
adverse clinical and neurocognitive effects.
Clinical Effects of Marijuana Use in HIV-Positive Individuals
Marijuana use and antiretroviral therapy (ART) adherence. The introduction
of antiretroviral therapy (ART) has significantly improved morbidity and mortality
associated with HIV infection (R. Detels et al., 2001; HIV-CAUSAL Collaboration et al.,
2010; Li et al., 1998; Palella et al., 1998). As such, achieving successful treatment and
improved long-term outcomes of HIV-positive individuals requires near perfect
adherence to ART. Several studies have found decreased ART adherence among
marijuana users (Bonn-Miller, Oser, Bucossi, & Trafton, 2012; Corless et al., 2009;
Kalichman & Rompa, 2003; Peretti-Watel, Spire, Lert, & Obadia, 2006; Tucker, Burnam,
Sherbourne, Kung, & Gifford, 2003; Wilson, Doxanakis, & Fairley, 2004). However this
finding has not been consistently reported as some studies have found marijuana use to
have no significant association with ART adherence (de Jong, Prentiss, McFarland,
Machekano, & Israelski, 2005; Lucas, Cheever, Chaisson, & Moore, 2001; Rosen et al.,
2013; Slawson et al., 2014) and another study reported that marijuana use for the
management of nausea (a medical use) is associated with increased ART adherence
(de Jong et al., 2005). Further, recent data from the WIHS found lower adherence to
ART among current (past six months) marijuana users compared to non-users, but
found that ART adherence was not reduced in daily marijuana users compared to nonusers (DʼSouza et al., 2012).
Marijuana use, viral load and CD4 counts: Data from preclinical studies
suggest that marijuana or other synthetic cannabinoids may have a beneficial effect on
reducing HIV viral loads and replication. In vitro studies have shown that
22

tetrahydrocannabidiol (THC) - the major constituent of marijuana and responsible for its
psychoactive effects – may reduce HIV viral replication in primary CD4+ T cells
(Costantino et al., 2012; Williams et al., 2014). Investigators using male rhesus
macaques reported that chronic THC administration initiated prior to and throughout the
asymptomatic phase of simian immunodeficiency virus (SIV) was associated with
reduction of plasma and cerebrospinal fluid viral load (Molina et al., 2011), although this
protective effect was not seen in a follow-up replication study among female rhesus
macaques (Amedee et al., 2014). Most of the immunomodulatory effects of marijuana
and its constituents are proposed to be mediated via the action of cannabinoids on
cannabinoid receptors 2 (CB2) which are predominantly located on peripheral immune
cells (Rom & Persidsky, 2013). Marijuana use may have an indirect effect on viral load
suppression via its potential association with reduced ART adherence.
In general, studies on the association between marijuana use and viral load outcomes
in HIV-positive individuals have been few and conflicting. Abrams et al. found no
significant short term differences in plasma viral load among 67 HIV-positive individuals
who were randomly assigned either to a 3.95% THC marijuana cigarette, a 2.5mg
dronabinol (delta-9-teterahydrocannibol) capsule or a placebo capsule three times daily
in a small, short duration (21 days) intervention clinical trial (Abrams et al., 2003). In a
more recent study by Ghosn et al.(2014), sex while under the influence of cannabis
was significantly associated with increased odds of a detectable HIV-1 RNA in the
semen (Ghosn et al., 2014), among a sample of 157 HIV-positive MSM. Two studies
have found lower viral load among marijuana users (Milloy et al., 2015; Thames,
Mahmood, Burggren, Karimian, & Kuhn, 2015). Thames et al. (2015), in a sample of 55
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PLWH recruited from HIV clinics in the Los Angeles area, found lower viral load among
light and moderate-to-heavy marijuana users as compared to non-users (Thames et al.,
2015). A fourth study found daily cannabis use to be significantly associated with lower
plasma viral load as compared to less than daily use among in a sample of 88 newly
infected PLWH in Vancouver, Canada participating in an injection drug use study (Milloy
et al., 2015). A more recent study that utilized data from 1,902 HIV-positive individuals
in the Florida medical monitoring project – a CDC sponsored supplemental surveillance
project of HIV-positive individuals in medical care – reported no statistically significant
association between less than daily or daily marijuana use and decreased odds of viral
suppression. Specifically, there was no significant difference between adjusted
geometric mean viral loads between both less than daily use (104.7; 95% CI = 30.2,
362.1 copies/mL; p = 0.0684) and daily use (125; 95% CI = 35.4, 446.8 copies/mL; p =
0.1610) as compared to nonuse (81.2; 95% CI: 37.2, 242.8 copies/mL) (Okafor et al.,
2016).

Marijuana use and quality of life: Studies on the association between
marijuana use and quality of life of HIV-positive individuals have also been few. Using
over 16 years of longitudinal data from the WIHS. D’Souza et al. (2012) found
significant decreased odds of self-reported good quality of life among those reporting
any marijuana use in the past six months. However, when limiting their analysis to only
recent marijuana use, daily marijuana use was significantly associated with higher odds
of self-reported good quality of life as compared to nondaily marijuana users (DʼSouza
et al., 2012). A more recent cross sectional study of HIV-positive individuals in medical
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care at the University of Colorado clinic assessed the impact of marijuana use on the
components of successful aging of HIV-positive individuals. Among their predominantly
male sample (83%) mean age of 51 years, the authors found that quality of life –
specifically in the social functioning and mental health domains was significantly lower
among recent marijuana users (past month) as compared to none recent users
(Allshouse et al., 2015).
Neurocognitive Effects of Marijuana Use
The question of whether marijuana use is associated with adverse and
neurocognitive effects of is a subject of intense debate in the scientific community. This
section briefly discusses the endocannabinoid system and the mechanisms involved in
marijuana’s behavioral and cognitive effects, with most data emanating from preclinical
studies and in vitro studies. Overall, there have been few studies addressing the
association between marijuana use and cognitive functions among HIV-positive
individuals. This section will also provide a brief summary of the studies conducted to
date among HIV-uninfected individuals detailing the cognitive domains that marijuana
use appears to influence. I will review studies of acute, non-acute and residual/long
term effects.
Studies on Acute effects of marijuana on cognitive functions: Acute
intoxication with marijuana produces alterations in brain functioning in brain regions with
CB1 receptors distributions. An early review of the studies among the HIV-uninfected
published in the 1980s on the acute effects of marijuana concluded that there is
evidence of deficits in memory when individuals are intoxicated with marijuana (Ferraro,
1980). Specifically, individuals intoxicated with marijuana demonstrate problems
recalling new information presented to them while acutely intoxicated, but do not appear
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to have problems recalling information that was presented prior to intoxication. One
review by Ranganathan and D’Souza., (2006) made similar conclusions (Ranganathan
& D’Souza, 2006). Specifically, the authors concluded that the most consistent deficits
associated with acute intoxication of marijuana are in tasks of immediate and delayed
recall of information presented while intoxicated. The impairing effects of acute
intoxication of marijuana appears to be stronger in less experienced users than in
experienced users who may have with better tolerance (Crean, Crane, & Mason, 2011).
Generally, acute intoxication of marijuana also appears to impair working memory as
some studies have observed impairments in working memory following acute
administration of vaporized marijuana (Bossong et al., 2012) and smoked marijuana at
different doses (Hart et al., 2010). Attention and concentration, abstract reasoning and
working memory also appear to be affected during acute intoxication (Crane, Schuster,
Fusar-Poli, & Gonzalez, 2013; Crean et al., 2011). Acute intoxication of marijuana
appears not to impair decision-making or risk-taking in occasional or experienced users
(J G Ramaekers, Kauert, Theunissen, Toennes, & Moeller, 2009; Weinstein et al.,
2008) but may slow decision making skills (Vadhan et al., 2007). Although there are
studies with contradicting findings( 111). Findings to date on the effect of acute
intoxication on other cognitive domains including inhibitory control, psychomotor control
and impulsivity are equivocal (Crane et al., 2013).
Studies on Non-acute effects of marijuana use on cognitive functions:
Among studies examining the non-acute effects (i.e. those effects observed after acute
intoxication subsides) of marijuana use on cognitive functioning, find similar results as
the studies on acute effects. Specifically, that aspects of memory – particularly verbal
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and episodic memory are consistently impaired in both adult and adolescent marijuana
users (Crane et al., 2013; Crean et al., 2011; Gonzalez, 2007). In two studies that
examined the neuropsychological performance of a longitudinal cohort of adolescents
aged 9 to 20 years of age. The studies found that compared to their baselines, only the
participants with current heavy marijuana use demonstrated decreases in IQ scores,
immediate and delayed memory as well as information processing speed (Fried &
Smith, 2001; Fried, Watkinson, & Gray, 2005).
The literature on non-acute effects of marijuana use on attention and
concentration suggests they appear to persist beyond periods of intoxication. However,
longer duration of abstinence appear to restore cognitive functions in these domains.
Following at least 21 days of abstinence from marijuana adolescent marijuana users
continued to perform poorly in tasks of attention and concentration than non-using
controls (Bolla, Brown, Eldreth, Tate, & Cadet, 2002; Hanson et al., 2010; Tapert et al.,
2007) and deficits appear worse as total lifetime exposure to marijuana increases
(Jacobsen, Mencl, Westerveld, & Pugh, 2004). Similarly, among adult marijuana users
with 28 days of abstinence as well as recently abstinent adult marijuana users also
demonstrated impairments in tasks of attention and concentration (Bolla et al., 2002;
Scholes-Balog & Martin-Iverson, 2011; Wadsworth, Moss, Simpson, & Smith, 2006).
However, following 45 days of abstinence, adolescent marijuana users demonstrated no
impairments (Jacobsen et al., 2004), and among adult marijuana users of unknown last
marijuana use also showed no impairments (J. E. Grant, Chamberlain, Schreiber, &
Odlaug, 2012), although others have found contradictory findings (Hermann et al.,
2007).
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With regard to working memory, recently abstinent (after 3 and 13 days)
adolescent marijuana users demonstrated worse working memory compared to nonusing controls (Hanson et al., 2010), also, adolescent marijuana users performed worse
on spatial working memory tasks (Harvey, Sellman, Porter, & Frampton, 2007), even
after 28 days of abstinence (Jacobsen et al., 2004). However, several studies report no
deficits in working memory following 28 days of abstinence (Hanson et al., 2010;
Padula, Schweinsburg, & Tapert, 2007; Schweinsburg et al., 2010). In contrast. , among
adult marijuana users, many studies report no impairments in working memory among
recent abstinent marijuana users (Gruber, Sagar, Dahlgren, Racine, & Lukas, 2012;
Scholes & Martin-Iverson, 2010). In a recent longitudinal study, no impairments in
working memory performance was found among recently abstinent marijuana users,
former users an controls over a period of 8 years (Tait, Mackinnon, & Christensen,
2011). Therefore, in sum the evidence for the non-acute effects of marijuana use on
working memory appears mixed when considering adolescent samples, but appears to
demonstrate a consistent pattern of no impairments in adult samples.
Adult marijuana users show more consistent deficits in decision making and risk
taking following 12 hours of abstinence (Whitlow et al., 2004), 15 days (FernándezSerrano, Pérez-García, Schmidt Río-Valle, & Verdejo-García, 2010) and even 25 days
of abstinence (Verdejo-García, Rivas-Pérez, López-Torrecillas, & Pérez-García, 2006).
With regard to inhibition and psychomotor/motor impulsivity, numerous studies report no
impairments in psychomotor control (Harvey et al., 2007), inhibition and motor
impulsivity (Tapert et al., 2007) in adolescent marijuana users. Some studies in adult
samples report no difference between marijuana users and non-using controls (Fontes
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et al., 2011; Gonzalez et al., 2012; Gruber, Dahlgren, Sagar, Gönenc, & Killgore, 2012).
Yet, others report impairments in psychomotor performance in adolescent marijuana
users following 23 days of abstinence, with evidence of a dose-dependent association
(MEDINA et al., 2007). Similarly, several studies also find impairments in adult samples
(Battisti et al., 2010; Roberts & Garavan, 2010).
Several factors could explain the discrepant findings found in these studies
including duration of marijuana use, length of abstinence, cumulative exposure to
marijuana, whether appropriate non-using control groups are used and use of crosssectional versus longitudinal designs. In addition, the difficulty levels of the
neuropsychological tasks administered may also account for the discrepant findings.
For instance, studies using the Wisconsin Cards Sorting Test find significant
impairments (Bolla et al., 2002; H G Pope Jr, Gruber, Hudson, Huestis, & YurgelunTodd, 2001; Harrison G Pope Jr, Gruber, Hudson, Huestis, & Yurgelun-Todd, 2002),
whereas studies using the Stroop Test, a simpler task, find no significant differences
between marijuana users and controls (Lyons et al., 2004; Verdejo-Garcıa
́ , LópezTorrecillas, Aguilar de Arcos, & Pérez-Garcıa
́ , 2005).
Neuropathogenesis of HIV-Associated Cognitive Impairments
HIV enters the central nervous system (CNS) early after initial infection via a
‘Trojan horse’ method by infecting peripheral monocytes which then pass through the
blood brain barrier (BBB) (An, Groves, Gray, & Scaravilli, 1999; Liu et al., 2002). Once
inside, infection of neighboring cells occurs through direct contact with the infected cell.
The other cells in the brain in which the infection spreads to include perivascular
macrophages, astrocytes and microglia (Albright, Soldan, & González-Scarano, 2003).
However, others have proposed that mechanisms other than direct infection of brain
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cells may mediate the neuropathogenesis of HIV-infection, since the observation that
HIV does not directly infect neurons. One of two of the proposed models for the
neuropathogenesis of HIV infection is referred to as the direct model. The direct model
suggests viral proteins released from infected monocyte-derived cells incite neuronal
cell death via their direct interactions with neurons (González-Scarano & Martín-García,
2005). The second, indirect model, proposes that neuronal damage is mediated by a
generalized inflammatory processes that is triggered by infected and uninfected nonneuronal cells against HIV infection and HIV proteins that are released by infected cells
(González-Scarano & Martín-García, 2005). In addition, to neuronal damage, research
has suggested that chronic neuroinflammation may also be associated with synaptic
disruption and impairment of neurogenesis – i.e. the generation and growth of neurons,
which lead to the neurological symptoms associated with HIV-infection (Gannon, Khan,
& Kolson, 2011; Lindl, Marks, Kolson, & Jordan-Sciutto, 2010).
HIV-Associated Neurocognitive Disorders
Early in the HIV epidemic clinicians caring for HIV-positive individuals observed
neurological symptoms in some of their patients with advanced disease (Snider et al.,
1983). Grant et al.(1987) published the first study describing HIV-Associated
Neurocognitive Disorders (HAND) in asymptomatic HIV-positive individuals (I. Grant et
al., 1987). This study demonstrated that HAND is present across all stages of HIV
infection. These disorders ranged from subtle neurocognitive impairments to the
profoundly disabling HIV-Associated dementia (HAD). HAD was more frequently
observed among HIV-positive individuals in advanced staged of the disease and was
associated with increased mortality. Fortunately, the introduction of ART was associated
with a drastic decline in the incidence and prevalence of HAD (Maschke et al., 2000) as
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more HIV-positive individuals were able to suppress their viral loads. However, in the
era of cART milder forms of HAND continue to be highly prevalent and can pose
difficulties for HIV-positive individuals to perform tasks of everyday living including
adherence to medications and clinician advice (Robert K Heaton et al., 2004; Thames,
Arentoft, Rivera-Mindt, & Hinkin, 2013).
The classification of HAND was described in 2007 (Antinori et al., 2007) to
comprise 3 stages including: (1) Asymptomatic Neuropsychological Impairment (ANI),
(2) Minor Neurocognitive Disorder (MND) and (3) HAD. The mildest form of HAND –
ANI was defined as neuropsychological performance that is one standard deviation
below the mean in two cognitive domains with no impairment in activities of daily living
and no evidence of a preexisting cause other than HIV. MND was defined as – in
addition to the aforementioned criteria for ANI, impairment in at least one activity of daily
living. HAD was defined as defined as neuropsychological performance that is 2
standard deviations below the mean in 2 cognitive domains with marked impairments in
activities of daily living and with no evidence of a preexisting cause other than HIV.
Prior to the widespread use of ART, the overall prevalence of neurocognitive
impairment was about 55%; with prevalence of ANI, MND and HAD was 20%, 13% and
20% respectively (R K Heaton et al., 1995). Prevalence of HAND in the era of cART has
varied somewhat across studies. In one of the largest study to assess, the prevalence
of HAND in the era of cART was in the CNS HIV Antiretroviral Therapy Effects
Research (CHARTER) study. Of the 1,555 HIV-positive individuals, 814 (or 52%) had
cognitive impairment. Further, the prevalence estimates for ANI, MND and HAD was
33%, 12% and 2% respectively (R K Heaton et al., 2010). One other study including 200
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HIV-positive individuals found an overall prevalence of HAND to be about 64%; with
60% ANI; 45% MND and 0% HAD (Simioni et al., 2010). In a more recent report, using
data from 364 HIV-positive individuals from the Multicenter AIDS Cohort Study (MACS)
found an overall frequency of HAND of 33%. The distribution of HAND categories was
as follows: ANI (14%, MND (14%) and HAD (5%).
Some researchers have suggested that the aforementioned approach in the
classification of HAND are less stringent and may be overestimating the true prevalence
of HAND (Gisslén, Price, & Nilsson, 2011; Nightingale et al., 2014). As described
above, HAND is defined by one or more standard deviations below normative
neuropsychological test performance derived from a control population. Therefore,
HAND classification criteria depend substantially on how the control population reflects
the test population. Thus, differences in sociodemographic characteristics between the
test population and controls may produce different estimates of HAND. Gissen et al.
(2011) argued that based on statistical criteria alone, the approach may be prone to
overestimation of HAND (Gisslén et al., 2011). This has important clinical implications
because it may put HIV-positive individuals diagnosed as cognitively impaired under
undue anxiety and stress and the use of expensive interventions (Gisslén et al., 2011).
In the classification of HAND, it is important to consider other factors that may
predispose to HAND. Hepatitis C infection (HCV) is prevalent among HIV-positive
individuals and is associated with cognitive impairment independent of HIV. HIV/HCV
co-infection individuals are nearly two-folds more likely to have cognitive impairment as
compared to those with monoinfection (Cherner et al., 2005; Clifford, Evans, Yang, &
Gulick, 2005). Cerebrovascular disease associated with HIV effects and ART on
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endothelial function and cardiovascular disease is another important factor that can
contribute to cognitive impairment – particularly as HIV-positive individuals now reach
advanced age (Nightingale et al., 2014). Psychoactive drug use including
methamphetamine can also predispose to cognitive impairment(Gupta et al., 2011;
Rippeth et al., 2004). Immunosuppression before the initiation of ART – typically
indicated as CD4 nadir (lowest ever CD4 count) has been strongly associated with
cognitive impairment(Ellis et al., 2011; Muñoz-Moreno et al., 2008). The presence of
other psychiatric comorbidities, low educational attainment as well as some genetic
factors (e.g. APOE e4) can also contribute to cognitive impairment (Clifford & Ances,
2013). Therefore, it is important that these factors be considered when characterizing
cognitive impairment associated with HIV. In addition, cART use has lengthened
survival among HIV-positive individuals and thus optimal adherence to and long term
use of cART may be associated with increasing survival including cognitive function
among HIV-positive individuals.
The nature of neurocognitive impairment across cognitive domains has also
evolved in the cART era as compared to the pre-CART era. Deficits in speed of
information processing, verbal fluency, and motor speed/dexterity characterized
neurocognitive impairment in the pre-CART era. Whereas, impairments in verbal
learning/memory, complex attention and executive functions are more common in the
cART era (Cysique, Maruff, & Brew, 2004; Robert K Heaton et al., 2011), impairments
that overlap with marijuana-related neurocognitive deficits (Crane et al., 2013; Crean et
al., 2011; Gonzalez, 2007; Ranganathan & D’Souza, 2006; Solowij & Pesa, 2010).
Therefore, potential for interactive effects between HIV and marijuana use on these
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domains is plausible. In the following section, I will review studies that have investigated
the topic of the association between marijuana use and cognitive function in HIVpositive individuals.
Marijuana Use, HIV-Infection and Cognitive Function
Christiani et al. (2004) (Cristiani et al., 2004) compared HIV-positive
[Asymptomatic (n=127) and Symptomatic (n=87) and HIV-negative individuals (n=74)
stratified by whether they were frequent (at least once per week in past 12 months) or
had minimal or no exposure (less than once per month in past 12 months) to marijuana
on a variety of neuropsychological tests. The authors found significant main effects for
HIV disease stage (HIV-negative vs. Asymptomatic HIV vs. Symptomatic HIV), such
that subjects with symptomatic HIV performed worse on all measures of
neuropsychological performance. There was a significant main effect for marijuana use;
such that marijuana users performed worse on a measure of information processing
speed and delayed memory. The authors found significant marijuana by HIV interaction
effect on a global measure of cognitive impairment; such that symptomatic HIV-positive
individuals with frequent marijuana use had significant higher number of
neuropsychological performance that was one standard deviation (SD) below or more
the mean of controls. Further analysis revealed that poorer performance on tasks of
delayed memory accounted for the significant interaction effect on this global cognition.
The authors found no significant differences on other measures of cognitive functioning
including attention/working memory, executive functions, and motor skills. In contrast,
Chang et al. (Chang, Cloak, Yakupov, & Ernst, 2006) utilized an extensive battery of
neuropsychological test to compare neuropsychological functioning of a sample of HIVpositive individuals with regular marijuana use, HIV-positive individuals with no or
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minimal marijuana use and HIV-negative controls. The authors found no evidence of an
interaction between marijuana and HIV on any test of neuropsychological functioning
including tests of executive functions, memory, attention, psychomotor speed, and fine
and gross motor skills. However, in a more recent study, Gonzalez et al. (Gonzalez et
al., 2011) reported additive negative effects of a history marijuana dependence and HIV
on complex motor skills among a sample of polysubstance users.
In a more recent study, Thames et al. (2015) examined the combined effects of
HIV status and marijuana use on neurocognitive among 84 (HIV-positive=55 and HIVnegative=34) participants recruited from HIV clinics in the greater Los Angeles area.
The authors grouped participants according to their marijuana use status as: light-users
(2 – 14 times /week), moderate-to-heavy users (18 – 90 times/week) and nonusers
(reported never using marijuana). The HIV-positive individuals performed worse in
measures of learning/memory [F (1, 82) = 15.65, p <.001, η2 = .16] and executive
functioning [F (1, 82) = 3.23, p = .03, η2 = .07] as compared to the HIV-negative
individuals. Moderate-to-heavy marijuana users performed worse on measures of
processing speed [F (2, 82) = 6.12, p = .003, η2 = .05], learning/memory [F (2, 82) =
3.46, p = .03, η2 = .07] and executive functioning [F (2, 82) = 7.22, p = .01, η2 = .15],
than light-users and non-users. Further, the authors found a significant marijuana by
HIV interactive effect in learning and memory such that the HIV-positive individuals with
moderate to heavy marijuana use performed significantly worse on learning and
memory than all other comparisons groups (Thames et al., 2015).
The mixed findings observed in these studies are likely a result of their cross
sectional designs, participant self-selection to participate in the studies, small sample
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sizes and lack of adequate control for other types of substance and other influential
factors with potential central nervous system effects such as Hepatitis C infection. In
addition, there is evidence that some pre-existing neurocognitive deficits and premorbid
IQ (Cheetham et al., 2012; Jackson et al., 2016; Vanyukov et al., 2003) may predate the
onset of marijuana and other substance use which would make it problematic to discern
whether any neurocognitive deficits observed among marijuana users are direct effects
of marijuana or other antecedent risk factors, especially when cross sectional study
designs are used.
Significance of Marijuana Use on the Cognitive Functions
This question is of crucial public health and clinical importance for a number of
reasons. First, and as noted earlier, HIV-positive individuals increasingly use marijuana
both medically and recreationally with the potential for use to be chronic and heavy
(DʼSouza et al., 2012). More so, with the evolving state laws that allow marijuana use
for medical purposes for persons with qualified conditions of which HIV-positive
individuals are eligible, more HIV-positive individuals may be considering marijuana
use, despite lack of empirical evidence on its therapeutic effects for its indication of use.
Second, it remains unclear whether marijuana use may affect the neurocognitive
functioning of HIV-positive individuals. As HIV-positive individuals are living longer, it
has been proposed that marijuana use to management HIV related symptoms and side
effects of ART (e.g. nausea, pain, insomnia mood problems) might be heavy and
chronic. As such, whether heavy, chronic marijuana use adverse impacts the
neurocognitive functioning of persons is not thoroughly understood.
Neurocognitive impairment in HIV-positive individuals has been associated with a
2.5 times greater risk of poor adherence to ART(Hinkin et al., 2004), increased
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dependence in activities of everyday living (Robert K Heaton et al., 2004) and worse
overall quality of life (Parsons, Braaten, Hall, & Robertson, 2006). Therefore,
understanding whether long-term marijuana use and HIV infection interact negatively on
neurocognitive outcomes has important implications for improving treatment outcomes
in HIV-positive individuals. Findings from this study have potential significant
implications for neuroAIDS research as it can help determine whether marijuana use
impacts on the neurocognitive functioning of HIV-positive individuals, and if so the
magnitude of these deficits which can pave the way for additional research to
understand the underlying mechanisms

37

CHAPTER 2
STATEMENT OF SPECIFIC AIMS AND HYPOTHESIS
This dissertation project aims to address three specific gaps in the literature
regarding marijuana use among HIV-positive individuals. Thus, this project consists of
three studies with the aims and hypothesis presented below.
Aim 1 Trends in the Prevalence of and Risk Factors for Marijuana Use
Very little is known about the how trends in the prevalence of marijuana use has
evolved over time in HIV-positive individuals, especially during a period that changes in
legislations toward marijuana use by US states has occurred and the overall population
favorability for medical marijuana use has increased. As detailed previously, only one
study to date has assessed trends in prevalence of marijuana use over an extended
period in HIV-positive individuals, but this study was among women (DʼSouza et al.,
2012). Further, although much work has described predictors of marijuana use in other
populations, there are few studies on predictors of marijuana use among HIV-positive
individuals. Some research has demonstrated that passage of MMLs may be
associated with increased marijuana use among adolescents (Cerdá et al., 2012; Wen
et al., 2015), but there are no published studies in HIV-positive individuals. In this study
I will utilize data from a large longitudinal cohort of HIV-positive and HIV-negative MSM
to address the following aims: (1) assess trends in the annual prevalence of current and
daily marijuana use over time (1984-2013), (2) determine factors associated with
current and daily marijuana use over time in the combined sample and among HIVpositive individuals (3) and explore whether passage of MMLs is associated with
increased marijuana use.

38

Hypothesis: I hypothesize that prevalence of marijuana use will decline over
time, but that daily marijuana use (among users) will increase and that HIV-related
clinical factors such as CD4 counts, HIV viral loads will be positively associated with
marijuana use and that passage of MMLs will be associated with increased marijuana
use.
Aim 2 Trajectories of Marijuana Use and Predictors of Trajectories
Trajectory analysis is based on the premise that a given population may not be
homogenous in the progression of a behavior (such as marijuana use) over time, but
that individuals within a population are heterogeneous with relation to the behavior.
Trajectory analysis aims to identify sub-groups of individuals that follow different
patterns over time. These different patterns may represent different etiologic pathways
to and through the behavior. Thus, another goal of trajectory analysis is to identify
cofactors of these different trajectories of marijuana use among men who have sex with
men. The objectives of this aim is to: (1) characterize the longitudinal trajectories of
marijuana use in a sample of HIV-positive and HIV-negative MSM over a period of 29
years, and (2) to identify cofactors associated with unique trajectories of marijuana use
as well as those that can change over time that may modify the course of the trajectory.
Hypothesis: I hypothesize the emergence of between 3 to 5 distinct trajectories
of marijuana use over time and that sociodemographic characteristic [younger age,
racial minorities, lower educational status, geographic location (e.g. Los Angeles)], HIVpositive status, psychosocial (e.g. depressive symptoms) and other substance use will
be positively associated with trajectories of marijuana use. I also expect that HIV-related
clinical characteristics (such as ART use, CD4+ counts and detectable viral load) will be
positively associated with trajectories of marijuana use.
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Aim 3 Cumulative Exposure to Marijuana and Cognitive Change over 17 years
In the cART-era, the focus of clinical care for HIV-positive individuals has shifted
from an acute illness with higher death rates to the management of a chronic illness.
HIV-positive individuals are on cART for a long period often experience symptoms (e.g.
chronic pain, nausea, insomnia and mood problems) associated with HIV and side
effects of cART as they age. At least a third of HIV-positive individuals use marijuana to
manage these symptoms and thus marijuana use among HIV-positive individuals may
be heavy and chronic. One important concern for clinicians caring for HIV-positive
individuals is the potential that long-term and heavy marijuana use may adversely
influence the cognitive functions of their patients – who are already vulnerable to
cognitive effects from HIV itself (R K Heaton et al., 2010; Robert K Heaton et al., 2011;
Sacktor et al., 2016). There are presently no published reports on the long-term effects
of marijuana use on the cognition function of HIV-positive individuals. Therefore, the
objective of this aim is to determine the association between cumulative exposure to
marijuana and longitudinal changes in cognitive performance in processing speed,
executive functions and memory among HIV-positive and HIV-negative individuals.
Hypothesis: We hypothesized that greater cumulative exposure to marijuana
use will be associated with worse cognitive performance over time.
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CHAPTER 3
TRENDS IN THE PREVALENCE OF AND RISK FACTORS FOR MARIJUANA USE
State laws and attitudes toward marijuana use have continued to evolve: twentythree states and the District of Columbia now allow marijuana for medical and
recreational purposes (Cerdá et al., 2012; Hasin et al., 2015). Several reports have
documented an increase in marijuana use (Hasin DS et al., 2015; Substance Abuse and
Mental Health Services Administration, Results from the 2013 National Survey on Drug
Use and Health: Summary of National Findings, 2014) as well as daily or near daily use
(Johnston, O’Malley, Bachman, & Schulenberg, 2013; Substance Abuse and Mental
Health Services Administration, Results from the 2013 National Survey on Drug Use
and Health: Summary of National Findings, 2014) in the general US population since
the mid-2000s. Research among HIV-positive individuals in the US suggests that
marijuana use is common and higher than the general uninfected population. Rates of
current (or past-six months) marijuana use in HIV-positive individuals have ranged from
23% to 56% (Bruce, Harper, & Fernandez, 2013; DʼSouza et al., 2012; Furler et al.,
2004; MD, 2001; Mimiaga et al., 2013; Pence et al., 2008; Prentiss et al., 2004; Ware et
al., 2003) as compared to 8.5% in the general US population 18+ years of age
(Substance Abuse and Mental Health Services Administration, Results from the 2013
National Survey on Drug Use and Health: Summary of National Findings, 2014). With
widespread use of antiretroviral therapy (ART), HIV-positive individuals are living longer
and the focus of clinical care has shifted to the management of a chronic disease.
Observational studies of HIV-positive individuals cite therapeutic benefits of marijuana;
including relief of HIV-related symptoms as well as side effects of ART (e.g. chronic
pain, nausea, insomnia and mood problems) (DʼSouza et al., 2012; Furler et al., 2004;
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Prentiss et al., 2004; Ware et al., 2003; Woolridge et al., 2005), although empirical data
on its efficacy and safety of use is limited (Lutge et al., 2013). Importantly, marijuana
use in HIV-positive individuals has been associated with reduced ART adherence
(Bonn-Miller et al., 2012; Corless et al., 2009; Peretti-Watel et al., 2006), cognitive
impairment (Cristiani et al., 2004; Gonzalez et al., 2011) and poorer quality of life
(Allshouse et al., 2015).
Data on long-term trends and patterns of marijuana use among HIV-positive
individuals have also been scare. In a recent study that assessed longitudinal patterns
of marijuana use in women living with HIV, prevalence of current marijuana use
decreased significantly from 21% to 14% over a 16 year period (1994-2010); however,
daily use (among users) increased by more than three-fold, increasing from 14.8% in
1994 to 51% in 2010 (DʼSouza et al., 2012).
Past studies of predictors of marijuana use among HIV-positive individuals have
found younger age (Bonn-Miller et al., 2012; Braitstein et al., 2001), lower educational
level (Bonn-Miller et al., 2012), alcohol, cigarette and other illicit substances to be
positively associated with marijuana use (Allshouse et al., 2015; Bonn-Miller et al.,
2012; Prentiss et al., 2004), although most of these studies have been cross sectional.
Using data from a longitudinal cohort of HIV-positive women, Kuo et al. (2004) found
lower initiation of weekly marijuana use among women with an undetectable viral load
and those receiving cART (Kuo et al., 2004). A follow-up study in HIV-positive women
found marijuana users to be less likely to be on cART, but daily marijuana use to be
associated with higher CD4 counts (DʼSouza et al., 2012). In addition, passage of
medical marijuana laws (MMLs) may be associated with increased availability and
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easier access to marijuana and may contribute to increased use of marijuana. Several
studies have showed that passage of MMLs is associated with increased marijuana use
(Cerdá et al., 2012; Wen et al., 2015). Other studies either indicate no effect (Hasin et
al., 2015; Lynne-Landsman et al., 2013) or a decrease in marijuana use following
passage of MMLs (Harper et al., 2012). However, nearly all of these studies have
focused on adolescent samples. Given that most state MMLs list HIV/AIDS as a
qualifying condition for medical use of marijuana (Wilkinson et al., 2016), passage of
MMLs may be associated with increased marijuana use among HIV-positive individuals.
The aim of the present study was to: (1) assess trends in the annual prevalence
of current and daily marijuana use over time (1984-2013) among HIV-positive and HIVnegative individuals (2) determine factors associated with current and daily marijuana
use over time in the combined sample and among HIV-positive individuals (3) and
explore whether passage of MMLs is associated with increased marijuana use.
Methods
The Multicenter AIDS Cohort Study (MACS)
The MACS is an ongoing prospective cohort study of the natural and treated
history of HIV infection among MSM in the United States. A total of 6,972 men were
enrolled during the project in three waves: 4,954 men in 1984-1985, 668 in 1987-1991,
and 1350 in 2001-2003 and at 4 centers located in Baltimore/Washington DC, Chicago,
Los Angeles, and Pittsburgh. The study design of the MACS has been described
previously (Roger Detels et al., 1992; Dudley et al., 1995; Kaslow et al., 1987) and only
the design relevant to the present analyses are described here. The study
questionnaires used in the MACS are available at
www.statepi.jhsph.edu/macs/forms.html. The institutional review boards at the
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respective recruitment centers and their community affiliates approved the MACS study
protocols and study participant provide informed consent.
MACS participants return every 6 months for a physical examination, collection of
blood specimens and complete a detailed interview and questionnaires. The interview
and questionnaires collect demographic, psychosocial, behavioral, and medical history
data. The questions about recreational drug use, including marijuana, alcohol, poppers,
cocaine, crack, heroin, methamphetamine, ecstasy, injection drug use as well as
smoking history since last visit were collected using audio computer assisted selfinterviewing , an approach previously demonstrated to provide more accurate
assessments of ‘sensitive behaviors’ than interview-administered questionnaires among
MSM (Gribble et al., 2000).
Participants
The present study uses data from 5,914 [2,742 (HIV-positive) and 3,172 (HIVnegative] men who answered questions on marijuana use for at least two or more semiannual visits. For the present analysis, two enrollment periods were defined: the men
enrolled prior to 2001 are the early-cohorts and those enrolled post 2001 are the latecohorts. The enrollment cohorts were analyzed separately because of differences in the
samples that were recruited: the men in the early-cohort were predominantly nonHispanic white, had more years of education, and had fewer symptoms of depression
than those in the late cohort (Becker et al., 2014). We included data collected from
marijuana use questions from semiannual study visit 1 (data collection starting in April
1, 1984) through visit 59 (data collection ending in September 30, 2013) for the men in
the early-cohort. The period covered for the men in the late-cohort included: semiannual
visit 40 (data collection starting in October 1, 2003) through visit 59. Visit 40 was
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selected as the baseline for the late-cohort as this was when the sample size reached
its maximum after the expansion of the cohort between 2001 and 2003. For the analysis
limited to only the HIV-positive men, visit 25 (data collection starting in April 1, 1996)
and visit 40 was selected as the baseline for the men in the early- and late- cohorts
respectively. Visit 25 was selected as the baseline for the HIV-positive men in the early
cohort because I was interested in the effect of cART use on rate of marijuana use,
which only became available in 1996.
Measures
Outcome Measure. The following question assessed current marijuana use at
each study visit ‘Have you used any pot, marijuana or hash since your last visit?
Participants who responded ‘No’ to this question were classified as non-users. Among
those who responded ‘Yes’, frequency of use was queried with the following question
“How often did you use pot, marijuana or hash since your last visit?” with the following
response options: “daily”; “weekly”; “monthly” and “less often”.
Covariates
Socio-demographic Characteristics. Participant’s age at each visit was
calculated from their self-reported date of birth. The baseline visit (or index visit) was
used to define a three level categorical variable for race/ethnicity status (Non-Hispanic
White, Non-Hispanic Black and other), educational attainment (High school diploma or
less, some college or college degree, Graduate work or more) and current employment
(employed, unemployed). Participants were classified according to the MACS study
center and whether they were enrolled prior to or after 2001.
Depressive symptoms. The Center for Epidemiologic Studies Depression
(CES-D) scale, was used to measure clinically significant symptoms of depression
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(Radloff, 1977). The CES-D includes components of depressed mood, feelings of
worthlessness, sense of hopelessness, sleep disturbance, loss of appetite, and
concentration difficulties. Scores on the CES-D of 16 or more suggests a clinically
significant level of psychological distress (Radloff, 1977).
Alcohol Use. Using data regarding frequency of drinking and average number of
alcoholic drinks since last study visit, alcohol consumption at baseline and at each visit
was categorized as low-moderate (1 to 2 drinks/day, or 3 to 4 drinks/day no more than
once a month), heavy (3 to 4 drinks/day more than once a month, or 5 or more
drinks/day less than once a month or 5 or more drinks/day at least once a month), or no
alcohol use.
Cigarette Use. Participants were considered current smokers if they responded
yes to a question asking about any cigarettes smoking since last study visit. Among
current smokers, pack-years of smoking at initial visit and at each subsequent visit was
calculated using participant’s response to questions about the number of packs of
cigarettes smoked per day.
Stimulant use. Participants were considered to be users of stimulant drugs if
they reported the use of any of the following drugs since last study visit: (1) crack
cocaine, (2) other forms of cocaine, (3) methamphetamines (or speed, meth or ice), (4)
other recreational drugs such as “ecstasy” or MDMA (3,4-methylenedioxy-Nmethylamphetamine).
Clinical factors. The MACS assessed HIV-serostatus using enzyme-linked
immunosorbent assay with confirmatory Western blot tests on all MACS participants at
each participant’s initial visit and at every semiannual visit for participants who were
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initially HIV-negative. However, only participants who were HIV-positive as at the time of
enrollment were included. Standardized flow cytometry was used to quantify CD4+ Tlymphocyte subset levels by each MACS site(Giorgi et al., 1990) and categorized as
<500 and ≥ 500 CD4+ cell counts. Levels of plasma HIV ribonucleic acid (RNA) were
measured using either the standard reverse transcription-polymerase chain reaction
assay (Roche Nutley, NJ) or with the Roche ultrasensitive assay (Roche Diagnostics).
Standardized viral load measures (across different assays) were used to create a
dichotomous variable to denote detectable (> 40 copies/mL) versus undetectable.
Hepatitis C infection status was categorized as hepatitis C virus (HCV) negative if HCV
antibody testing was negative. Participants were classified at each MACS semiannual
visit as HCV positive if they were found to be in the process of seroconversion, acute
infection, chronic infection, clearing (between RNA+ and RNA-), or previously HCV
positive, but now clear of HCV RNA. In addition to the aforementioned covariates
described above, I considered that the prevalence of marijuana use among HIV-positive
participants may be influenced by factors specific to HIV-infection such as antiretroviral
therapy usage and adherence as has been previously reported (DʼSouza et al., 2012).
Antiretroviral medications used since the last visit were self-reported at each
semiannual visit and summarized to define Highly active antiretroviral therapy (HAART)
use (yes/no). HAART was defined according to the U.S. Department of Health and
Human Services/Kaiser Panel guidelines (“Panel on Antiretroviral Guidelines for Adults
and Adolescents. Guidelines for the Use of Antiretroviral Agents in HIV-1 Infected
Adults and Adolescent. Department of Health and Human Services,” 2016).
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Data Analysis
Using frequencies and percentages, characteristics of the sample at their
baseline visit stratified by HIV-serostatus and cohort enrollment was described. Yearly
prevalence of current marijuana use was calculated as the number of participants
reporting marijuana use divided by the number of participants seen in the MACS for a
given year. Similarly, yearly prevalence of Daily marijuana use was computed as the
number of participants reporting daily use divided by the number of current users for
each given year. I also plotted both prevalence of current and daily marijuana use over
the follow-up period by calendar year stratified by HIV-serostatus and cohort enrollment.
Poisson regression with robust error variance (Zou, 2004) was used to estimate
prevalence rate ratios of current and daily marijuana use in both univariate and
multivariable analysis. Separate analyses were conducted for the men in the early and
late cohorts and within each enrollment cohort; analyses were also conducted
separately for the combined group (i.e. HIV-positive and HIV-negative men) as well as
the HIV-positive men. The covariates in the multivariable model for the combined group
included age, race, educational attainment, employment, study center, depressive
symptoms, alcohol, smoking, stimulant drug use, IDU, and hepatitis C status.
Furthermore, in order to compare the prevalence rates of the HIV-positive to the HIVnegative men, the model for the combined group included a variable to denote
participant’s HIV-serostatus. The models for the HIV-positive group examined HIVrelated clinical factors including: CD4+ cell counts, detectable HIV RNA status and
HAART use. Our strategy for constructing the multivariable models was to include
covariates that were significant (p ≤ .10) in the univariate analyses. In addition, for the
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analysis in the men in the early cohort, models were estimated for the period 2002 –
2013 in order to increase comparisons of the results for the men in the late cohort.
The MACS enrolled participants in four states and the District of Columbia (DC).
Each of the states for the MACS study centers passed medical marijuana laws (MMLs)
at different times. States and years they passed MMLs are as follows: California (1996),
Illinois (2013, Maryland (2003), DC (2010) with Pennsylvania not passing a MML in
2013 the end of follow-up for this analysis. Using this information, a time-varying binary
variable for each year (1984-2013) was constructed to indicate the years before a state
had passed a medical marijuana law (coded a ‘1’) and the years during and after the
law was passed (coded a ‘0’). This variable provided an estimate of the change in the
prevalence of marijuana use within states before and after the passage of the law. Only
Pennsylvania did not pass a medical marijuana law as of 2013 (the end of the study
period) (Pacula, Hunt, & Boustead, 2014).
Missing data for predictor variables were imputed using multiple imputation with
chained equations (MICE) (van Buuren, Boshuizen, & Knook, 1999). Five imputed
datasets were generated for missing baseline and time-varying cofactor variables which
range from 0.2% (HAART use) to 14.8% (viral load) and the estimates were combined
according to Rubin’s rules (Toutenburg, 1990). Statistical analyses were performed
using SAS version 9.4 (SAS Institute Inc., Cary, North Carolina, USA) and STATA
version 11.
Results
Sample Characteristics at Baseline
Table 3-1 displays the baseline characteristics of the 5,914 participants in this
study stratified by HIV-serostatus and cohort enrollment. The mean age at baseline
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ranged from 33 years [standard deviation (SD) =6.7] in the HIV-positive men in the
early-cohort to 39 years (SD=8.2) in the HIV-positive men in the late-cohort. The men in
the early-cohort were predominantly non-Hispanic, white (88% in HIV-negative and 79%
in HIV-positive men), whereas the majority of the men in the late-cohort were nonHispanic, black (48% in the HIV-negative and HIV-positive men respectively). At
baseline, the men in the early-cohort were more educated (88% in the HIV-negative and
84% in the HIV-positive men having a college degree or more) than the men in the latecohort (67% in the HIV-negative and 58% in the HIV-positive men having a college
degree or more). At baseline, the prevalence of marijuana use was highest among the
HIV-positive men in the early-cohort (76%) and lowest among the HIV-positive men in
the late-cohort (36%). However, daily marijuana use, among users, was highest among
the HIV-positive men in the late-cohort (20%) and lowest among the HIV-negative men
in the early-cohort (9%).
Trends in the Prevalence of Marijuana
Among the men in the early cohort, the annual prevalence of current marijuana
use declined significantly from 80% in 1984 to 33% in 2013 in the HIV-positive men and
from 58% in 1984 to 22% in 2013 in the HIV-negative men (both p for trend <.0001;
Figure 3-1). The prevalence of daily marijuana use in both the HIV-positive and HIVnegative men was relatively stable across the period 1984-2013 among all HIV-positive
(11% to 10%) and HIV-negative (5% to 4%) men in the early cohort. In contrast, daily
marijuana use among current users increased significantly from 14% in 1984 to 32% in
2013 in the HIV-positive men and from 9% in 1984 to 22% in the HIV-negative men
(both p for trend <.0001). Among the men in the late cohort, prevalence of current
marijuana use declined modestly from 32% in 2002 to 29% in 2013 in the HIV-positive
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men, and decreased significantly from 37% in 2003 to 26% in 2013 in the HIV-negative
men (p for trend <.0001; Figure 3-2). The prevalence of daily marijuana use was
relatively stable across the period 2002 – 2013 among all HIV-negative (5% to 4%) men
in the early cohort, but increased significantly in the HIV-positive men (6% to 10%).
However, daily marijuana use among current users increased significantly from 17% in
2002 to 37% in 2013 in the HIV-positive men and from 16% in 2002 to 34% in 2013 in
the HIV-negative men (both p for trend <.0001).
Factors Associated Marijuana Use
In the multivariable analysis of data from the combined sample, among the men
in the early-cohort, HIV-positive serostatus was significantly associated with a 53%
higher prevalence of current marijuana use [adjusted prevalence ratio (aPR) =1.53, 95%
confidence interval (CI):1.42, 1.64; p<0.001; Table 3-2) and daily marijuana use
(aPR=1.70, 95% CI: 1.44, 2.01; p<0.001, supplemental Table 3-4). However, in the
analysis of the men in the late-cohort, there was no statistically significant association
between a HIV-positive status and prevalence of current (aPR=0.90, 95% CI: 0.79,
1.03; p>0.05) and daily use (aPR=1.31, 95% CI: 0.98, 1.76, p=0.09). Alcohol, smoking
and stimulant use were strongly and positively associated with marijuana use in all
models. Among the men in the early-cohort, the annual prevalence of marijuana use
was 10% higher after passage of a MML (aPR=1.10, CI: 1.07, 1.13; p<0.001; Table 32). There was no significant change in annual prevalence of marijuana use associated
with passing of a MML among the men in the late-cohort in the bivariate analysis
(aPR=1.09, CI: 0.98, 1.21; p>0.05; Table 3-2)..
In the analysis restricted to the HIV-positive men, among participants in the latecohort, a CD4+ <500 cells/mm3 as compared to >500 cells/mm3 was significantly
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associated with increased prevalence of marijuana use (aPR=1.07, 95% CI: 1.01, 1.14;
p<0.05; Table 3-3). In addition, having a detectable viral load was significantly
associated with higher prevalence of marijuana use (aPR=1.10, CI: 1.01, 1.20; p<0.05)
among the men in the late cohort.
When the analyses for the men in the early and late cohorts were limited to the
same time period (i.e. 2002-2013), there were some similarities in co-factors for current
marijuana use including: non-Hispanic blacks having higher prevalence as compared to
non-Hispanic whites and alcohol, smoking and stimulant use all positively associated
with marijuana use (Tables 3-2&3-3). The risk factors for daily marijuana use were
similar to those observed for current marijuana use (Table 3-4 & 3-5), although most cofactors were not associated with daily use among the men in the late cohort. However,
there were some differences including a significant association between positive
hepatitis C status and higher prevalence of daily marijuana use among the men in the
early-cohort (Table 3-5).
Discussion
In this analysis of the MACS cohort, the annual prevalence of current marijuana
use decreased over time among all men (1984-2013). However, in contrast, daily
marijuana use, among those who used marijuana in the previous six months, increased
among the HIV-positive and HIV-negative men in both the early- and late- cohort
enrollment: increasing by more than two-folds in nearly all groups. In both the early- and
late- cohort enrollment, the HIV-positive men reported significantly higher prevalence of
current and daily marijuana use as compared to the HIV-negative men. Higher
educational attainment and older age were negatively associated with lower current and
daily marijuana use in nearly all models. Alcohol use, smoking, and stimulant drug use
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were positively associated with prevalence of current marijuana use. The prevalence of
marijuana use increased after passage of a medical marijuana law in the analysis that
included all men in the early-cohort but not for men in the late-cohort. Among the HIVpositive men, HAART use was not associated with marijuana use, in both enrollment
cohorts. However, lower CD4 counts (<500 counts/mm3) and having a detectable viral
load was associated with increased marijuana use in the men in the late cohort.
The contrasting decline in annual prevalence of current marijuana use but
increasing prevalence of daily marijuana use among users is consistent with recent
data from HIV-positive women in the Women’s Interagency Study (WIHS) (DʼSouza et
al., 2012), where the authors found that between 1994 to 2010, there was a significant
decrease in prevalence of current marijuana use from 21% to 14%. The most plausible
explanation for the declining trend in current marijuana use may be the advancing age
of participants in the MACS cohort. However, among the current users in this study,
daily use increased significantly in both the HIV-positive and HIV-negative men. This
increase was observed among the HIV-positive and HIV-negative men suggesting that
other factors that affect both groups may explain the increase. One potential
explanation may be changes in state marijuana laws allowing for the use of marijuana
for medical and recreational purposes. Between 1984 and 2013 – the period of this
study, three of the four states that have MACS sites passed laws legalizing marijuana
for medical purposes. In addition, in recent years, attitudes about marijuana use in the
US have tempered and there has been an increase in the population acceptance of
marijuana use (Gallup, 2013). The present study found that passage of medical
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marijuana law was associated with an increase in daily marijuana use among the men
in the late-cohort, but not in the men in the early-cohort.
Among the HIV-positive men in the late-cohort, having a detectable viral load and
lower CD4+ counts (<500 cells/mm3) was positively associated with increased
marijuana use. One explanation for this association use may be that the men increased
their marijuana use to manage HIV-related symptoms. This finding was found only
among the participants in the late-cohort suggesting that differences in the sample may
have accounted for this finding. Participants in the late-cohort were predominantly
racial/ethnic minority men, had lower education, endorsed more depressive symptoms,
and had higher proportion of current cigarette smokers, IDUs and positive HCV at
baseline (Table 1) all of which have been previously associated with poor clinical
outcomes in HIV-positive individuals (Arnsten et al., 2002; Kleeberger et al., 2001;
Rosen et al., 2013; Simoni et al., 2012; Yehia BR, Fleishman JA, Metlay JP, Moore RD,
& Gebo KA, 2012). Also, prior studies report no significant or clinically meaningful
differences in plasma viral load or CD4+ counts among marijuana users (Abrams et al.,
2003; Chao et al., 2008; Shoptaw et al., 2012) as compared to nonusers. Yet some
have found significantly lower viral loads (Milloy et al., 2015; Thames et al., 2015) and
higher CD4 (Thames et al., 2015) counts in marijuana users, although these studies
differ methodologically as well as in the samples included. Taken together, these
findings underscore the complex relationship between marijuana use and markers of
HIV disease stage/progression and therefore warrant further study.
There are some limitations to our study. The study relied on self-report of
marijuana use and no biological method of measurement to confirm the self-reported
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data. Although the validity of self-reported drug use behaviors using the ACASI has
been shown to be accurate (Gribble et al., 2000; Nichols et al., 2014), the possibility that
social desirability bias may have influenced reporting cannot be ruled out. The study
used an observational design; consequently only prevalence of and risk factors for use
was assessed, but not whether the associations presented here are causal.
Furthermore, data were from an ongoing longitudinal study with extended follow-up,
thus attrition due to death or loss to follow-up might have influenced the prevalence
estimates. This study did not assess prevalence or trends in marijuana use disorder or
assess other parameters of marijuana use (including route of administration,
dose/quantity, or THC potency). In addition, readers should not interpret the findings
related to MML and marijuana use as causal. Our study included only four states, two
states had insufficient time windows pre, and post enactment of laws to provided
enough information to discern a change in trend.
Despite these limitations, the study has notable strengths: in particular data from
a large and diverse sample of HIV-positive and HIV-negative MSM with extensive
follow-up period were used to assess changes in prevalence of and risk factors for
marijuana use. In sum, our study indicates a decline over time in the prevalence of
current marijuana in this sample of HIV-positive and HIV-negative MSM, but in contrast,
daily use among users has increased in recent years. Given that nearly half of states in
the US now have laws allowing medical or recreational marijuana use, the trend found
in the study here may continue as more states consider similar legislations (ProCon.org,
2015a).
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Table 3-1. Characteristics of MACS Participants at Baseline by Enrollment Cohort
Characteristics

Early-Cohort (N=4,775)
HIV-negative
HIV-positive
(n=2,677)
(n=2,098)
n (%)
n (%)
34 (8.3)
33 (6.7)

Late-Cohort (N=1,139)
HIV-negative
HIV-positive
(n=495)
(n=644)
n (%)
n (%)
37 (9.7)
39 (8.2)

Age (mean, SD)
Race
Non-Hispanic, Whites
2355 (88)
1663 (79)
170 (34)
168 (26)
Non-Hispanic, Blacks
183 ( 7 )
262 (13)
235 (48)
309 (48)
Other
137 ( 5 )
173 ( 8 )
90 (18)
167 (26)
Education
High school diploma or less
305 (12)
328 (16)
166 (34)
272 (42)
Some college or college degree
1309 (49)
1178 (57)
221 (45)
275 (43)
Graduate work or more
1038 (39)
572 (27)
108 (22)
96 (15)
Unemployed
133 ( 5 )
109 ( 6 )
137 (30)
139 (23)
Study center
Pittsburgh
667 (25)
334 (16)
152 (31)
131 (20)
Baltimore/Washington DC
732 (27)
456 (22)
134 (27)
160 (25)
Chicago
592 (22)
511 (24)
91 (18)
162 (25)
Los Angeles
686 (26)
797 (38)
118 (24)
191 (30)
Depressive symptoms
a
CESD ≥ 16
488 (19)
446 (23)
161 (33)
246 (40)
Alcohol use
None
201 ( 8 )
128 ( 6 )
65 (13)
114 (18)
Low-moderate
1144 (43)
780 (38)
206 (42)
238 (38)
Heavy
1295 (49)
1156 (56)
216 (44)
273 (44)
Smoking
Never
1180 (44)
820 (39)
126 (26)
173 (28)
Former
550 (21)
400 (19)
101 (21)
125 (20)
Current
936 (35)
864 (41)
260 (53)
327 (52)
c
Stimulant drug use
1697 (63)
1692 (81)
190 (39)
260 (42)
d
IDU
76 ( 3 )
231 (12)
71 (15)
105 (17)
Positive Hepatitis C virus antibody
79 ( 3 )
189 ( 9 )
68 (14)
122 (19)
e
HAART Use †
No
–
389 (76)
–
226 (35)
Yes
–
121 (23)
–
418 (65)
+
CD4 count (cells/cubic milliliter)
> 500
–
1203 (59)
–
287 (46)
< 500
–
850 (41)
–
338 (54)
HIV viral load
Undetectable
–
71 ( 5 )
–
312 (49)
Detectable
–
1256 (95)
–
325 (51)
Marijuana use
No
1151 (43)
495 (24)
290 (60)
399 (64)
Yes
1523 (57)
1599 (76)
197 (40)
222 (36)
Less Often
739 (49)
597 (37)
93 (47)
98 (44)
Monthly
274 (18)
284 (18)
21 (11)
28 (13)
Weekly
369 (24)
486 (30)
53 (27)
52 (23)
Daily
141 ( 9 )
232 (15)
30 (15)
44 (20)
a
b
c
Note. CESD= Center for Epidemiological Depression Scale; Binge drinking (i.e. 5 or more drinks per occasion); Includes crack cocaine,
d
e
methamphetamines (or speed, meth or ice), Ecstasy; IDU=Intravenous drug use; HAART=Highly active antiretroviral therapy;†Data for
HAART use for the early cohort is obtained from MACS visit 25 (data collection starting April, 1996).
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Table 3-2. Prevalence Ratios of Risk Factors Associated with Current Marijuana Use among All Men
Prevalence Ratios (95% CI)
Early-Cohort
1984-2013
Characteristics
Age, per 10-year increase
Race
White, non-Hispanic
Black, non-Hispanic
Other
Education
HSD or lessa
Some college/college deg.
Graduate work or more
Employment
Employed
Unemployed
Study center
Pittsburgh
Baltimore/Washington DC
Chicago
Los Angeles
Depressive symptomsb
CESD < 16
CESD ≥ 16
Alcohol use
None
Low-moderate
Heavy
Smoking
Never
Former
Current
Stimulant drug usec
No
Yes
IDUd
No
Yes
Hepatitis C virus antibody
Negative
Positive
HIV-serostatus
HIV-negative
HIV-positive
Medical Marijuana Law
a

Late-Cohort
2003-2013

Univariate
0.83 (0.79, 0.87)***

Multivariable
0.90 (086, 0.94)***

2003-2013
Multivariable
0.78 (0.63, 0.97)*

Reference
1.20 (1.06, 1.36)***
1.34 (1.18, 1.53)***

Reference
1.09 (0.95, 1.25)
1.12 (0.99, 1.27)†

Reference
1.32 (1.05, 1.65)*
0.80 (0.59, 1.08)

Reference
1.07 (0.90, 1.27)
1.14 (0.93, 1.42)

Reference
1.23 (1.01, 1.48)*
0.94 (0.73, 1.20)

Reference
0.80 (0.72, 0.89)***
0.59 (0.53, 0.66)***

Reference
0.86 (0.78, 0.96)***
0.76 (0.68, 0.85)***

Reference
0.95 (0.75, 1.19)
0.93 (0.72, 1.21)

Reference
1.00 (0.86, 1.17)
0.53 (0.41, 0.70)***

Reference
0.98 (0.86, 1.13)
0.68 (0.52, 0.90)**

Reference
1.04 (1.02, 1.07)***

Reference
1.02 (1.00, 1.04)*

Reference
1.04 (0.97, 1.12)

Reference
1.04 (0.99, 1.10)

Reference
1.01 (0.91, 1.14)
1.32 (0.18, 1.48)***
1.14 (1.03, 1.27)***

Reference
1.15 (1.03, 1.29)*
1.25 (1.11, 1.41)***
1.22 (1.10, 1.35)***

Reference
0.90 (0.69, 1.17)
1.00 (0.79, 1.28)
1.35 (1.06, 1.71)*

Reference
0.75 (0.60, 0.94)*
0.75 (0.61, 0.93)**
1.09 (0.89, 1.33)

Reference
0.93 (0.74 1.15)
0.79 (0.66, 0.95)*
1.03 (0.84, 1.27)

Reference
1.00 (0.99, 1.02)

Reference
1.00 (0.99, 1.02)

Reference
1.02 (0.98, 1.07)

Reference
1.05 (0.99, 1.10)†

Reference
1.02 (0.97, 1.07)

Reference
1.58 (1.52, 1.64)***
1.83 (1.76, 1.91)***

Reference
1.44 (1.39, 1.49)***
1.57 (1.51, 1.63)***

Reference
1.44 (1.30, 1.60)***
1.53 (1.35, 1.74)***

Reference
1.82 (1.64, 2.03)***
2.33 (2.05, 2.63)***

Reference
1.61 (1.47, 1.77)***
1.93 (1.73, 2.15)***

Reference
1.07 (1.03, 1.11)***
1.28 (1.23, 1.34)***

Reference
1.07 (1.03, 1.11)***
1.18 (1.14, 1.23)***

Reference
1.67 (1.35, 2.07)***
1.96 (1.58, 2.45)***

Reference
1.37 (1.06, 1.77)*
1.92 (1.49, 2.49)***

Reference
1.26 (0.99, 1.62)†
1.58 (1.22, 2.03)**

Reference
1.50 (1.46, 1.52)***

Reference
1.40 (1.37, 1.42)***

Reference
1.38 (1.28, 1.48)***

Reference
1.65 (1.52, 1.78)***

Reference
1.51 (1.40, 1.63)***

Reference
1.33 (1.26, 1.40)***

Reference
1.09 (1.04, 1.14)***

Reference
1.27 (1.02, 1.58)*

Reference
1.37 (1.15, 1.64)***

Reference
1.12 (0.94, 1.33)

Reference
1.04 (0.98, 1.10)
Reference
1.80 (1.67, 1.93)***
1.17 (1.14, 1.30)***

–
–

–
–

Reference
1.53 (1.42, 1.64)***
1.10 (1.07, 1.13)***

Reference
1.35 (1.17, 1.55)***
1.05 (0.90, 1.22)

b

Note. HSD=High school diploma, CESD= Center for Epidemiological Depression Scale;
c
d
Includes crack cocaine, methamphetamines (or speed, meth or ice), Ecstasy; IDU=Intravenous drug use;
†P<0.10; *P<0.05; **P<0.01; ***p<0.001
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Univariate
0.71 (0.65, 0.78)***

Multivariable
0.79 (0.73, 0.87)***

Reference
1.00 (0.88, 1.14)
Reference
0.85 (0.73, 0.99)*
1.09 (0.98, 1.21)

–
–

–
–
Reference
0.90 (0.79, 1.03)
–

Table 3-3. Prevalence Ratios of Risk Factors Associated with Current Marijuana Use among HIV-positive Men
Prevalence Ratios (95% CI)
Early-Cohort
1996-2013
Characteristics
Age, per 10-year increase
Race

Univariate
0.78 (0.68, 0.88)***

2003-2013
Multivariable
0.73 (0.54, 1.00)†

Multivariable
0.82 (0.70, 0.97)*

Late-Cohort
2003-2013
Univariate
0.72 (0.65, 0.83)***

White, non-Hispanic
Reference
Reference
Reference
Reference
Black, non-Hispanic
1.21 (0.97, 1.51)†
1.28 (1.04, 1.59)*
1.38 (1.07, 1.79)*
1.09 (0.85, 1.40)
Other
1.15 (0.84, 1.58)
1.06 (0.80, 1.40)
0.78 (0.49, 1.11)
1.19 (0.88, 1.60)
Education
a
HSD or less
Reference
Reference
Reference
Reference
Some college/college deg.
0.88 (0.69, 1.11)
0.83 (0.67, 1.04)
1.11 (0.81, 1.53)
1.88 (0.96, 1.46)
Graduate work or more
0.71 (0.55, 0.93)**
0.78 (0.60, 1.01)†
1.15 (0.80, 1.65)
0.51 (0.33, 0.77)**
Employment
Employed
Reference
Reference
Reference
Reference
Unemployed
1.08 (1.01, 1.17)*
1.07 (1.00, 1.14)*
1.03 (0.93, 1.14)
1.02 (0.94, 1.12)
Study center
Pittsburgh
Reference
Reference
Reference
Reference
Baltimore/Washington DC
0.99 (0.73, 1.32)
1.06 (0.81, 1.39)
0.97 (0.68, 1.38)
0.81 (0.60, 1.11)
Chicago
1.25 (0.96, 1.63)†
1.20 (0.92, 1.57)
1.03 (0.74, 1.42)
0.66 (0.50, 0.88)**
Los Angeles
1.40 (1.09, 1.79)**
1.51 (1.18, 1.93)**
1.42 (1.03, 1.95)*
0.99 (0.75, 1.31)
b
Depressive symptoms
CESD < 16
Reference
–
–
Reference
CESD ≥ 16
1.03 (0.99, 1.08)
–
–
1.04 (0.97, 1.10)
Alcohol use
None
Reference
Reference
Reference
Reference
Low-moderate
1.50 (1.34, 1.67)***
1.41 (1.27, 1.57)***
1.46 (1.24, 1.70)***
1.69 (1.48, 1.93)***
Heavy
1.67 (1.48, 1.89)***
1.51 (1.65, 1.71)***
1.57 (1.32, 1.86)***
2.18 (1.86, 2.55)***
Smoking
Never
Reference
Reference
Reference
Reference
Former
1.33 (1.13, 1.58)***
1.34 (1.17, 1.54)***
1.50 (1.17, 1.91)**
1.43 (1.01, 2.01)*
Current
1.52 (1.28, 1.81)***
1.44 (1.24, 1.68)***
1.69 (1.33, 2.16)***
1.99 (1.40, 2.81)***
c
Stimulant drug use
No
Reference
Reference
Reference
Reference
Yes
1.51 (1.41, 1.62)***
1.45 (1.36, 1.55)***
1.43 (1.30, 1.58)***
1.61 (1.45, 1.80)***
d
IDU
No
Reference
Reference
Reference
Reference
Yes
1.40 (1.10, 1.77)**
1.19 (0.98, 1.44)†
1.27 (1.02, 1.56)*
1.23 (1.02, 1.48)*
Hepatitis C virus antibody
Negative
Reference
–
–
Reference
Positive
0.93 (0.82, 1.04)
–
–
1.09 (0.91, 1.29)
e
HAART Use
No
Reference
–
Reference
Reference
Yes
1.00 (0.96, 1.05)
–
1.08 (1.01, 1.18)*
0.92 (0.85, 1.00)†
+
CD4 count
> 500
Reference
–
–
Reference
< 500
0.98 (0.93, 1.03)
–
–
1.11 (1.05, 1.17)***
HIV viral load
Undetectable
Reference
–
Reference
Reference
Detectable
1.01 (0.97, 1.06)
–
1.07 (0.99, 1.16)†
1.13 (1.05, 1.21)***
Medical Marijuana Law
1.10 (1.00, 1.21)*
1.04 (0.92, 1.16)
1.06 (0.87, 1.28)
1.13 (0.99, 1.29)†
a
b
Note. HSD=High school diploma; CESD= Center for Epidemiological Depression Scale;
c
d
e
Includes crack cocaine, methamphetamines (or speed, meth or ice), Ecstasy; IDU=Intravenous drug use; HAART=Highly active antiretroviral therapy; †P<0.10; *P<0.05; **P<0.01; ***p<0.001
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Multivariable
0.77 (0.68, 0.88)***
Reference
1.29 (0.98, 1.70)†
1.14 (0.80, 1.63)
Reference
1.19 (0.98, 1.44)†
0.71 (0.45, 1.10)
–
–
Reference
0.80 (0.55, 1.14)
0.63 (0.49, 0.80)***
0.71 (0.48, 1.02)
–
–
Reference
1.50 (1.34, 1.70)***
1.83 (1.59, 2.12)***
Reference
1.35 (1.00, 1.80)*
1.67 (1.21, 2.26)**
Reference
1.48 (1.34, 1.64)***
–
–
–
–
Reference
1.03 (0.93, 1.14)
Reference
1.07 (1.01, 1.14)
Reference
1.10 (1.01, 1.20)*
1.11 (0.91, 1.36)
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Figure 3-1. Annual Prevalence of Current and Daily (Among Current Users) Marijuana Use Among HIV-positive and HIV-negative MSM in The MACS: Early-Cohort
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Figure 3-2. Annual Prevalence of Current and Daily (Among Current Users) Marijuana Use Among HIV-positive and HIV-negative MSM in The MACS: Late-Cohort
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Table 3-4. Prevalence Ratios of Risk Factors Associated with Daily Marijuana Use among All Men
Prevalence Ratios (95% CI)
Early-Cohort
1984-2013
Characteristics
Age, per 10-year increase
Race
White, non-Hispanic
Black, non-Hispanic
Other
Education
HSD or lessa
Some college/college deg.
Graduate work or more
Employment
Employed
Unemployed
Study center
Pittsburgh
Baltimore/Washington DC
Chicago
Los Angeles
Depressive symptomsb
CESD < 16
CESD ≥ 16
Alcohol use
None
Low-moderate
Heavy
Smoking
Never
Former
Current
Stimulant drug usec
No
Yes
IDUd
No
Yes
Hepatitis C virus antibody
Negative
Positive
HIV-serostatus
HIV-negative
HIV-positive
Medical Marijuana Law
a

b

Univariate
0.80 (0.71, 0.90)***

2003-2013
Multivariable
1.03 (0.51, 2.08)

Multivariable
0.88 (0.78, 1.01)†
–
–
–

Reference
1.23 (0.93, 1.61)
1.23 (0.89, 1.69)
Reference
0.62 (0.50, 0.76)***
0.33 (0.26, 0.42)***

–
–
–

Reference
0.64 (0.52, 0.80)***
0.37 (0.29, 0.48)***

Reference
0.82 (0.47, 1.41)
0.72 (0.40, 1.30)

–
–

Reference
1.08 (0.97, 1.20)
Reference
0.67 (0.51, 0.86)**
0.99 (0.78, 1.26)
0.98 (0.79, 1.21)

–
–

Reference
0.76 (0.58, 0.99)*
1.05 (0.82, 1.35)
1.05 (0.84, 1.31)

Reference
0.71 (0.42, 1.20)
0.77 (0.43, 1.35)
1.09 (0.72, 1.67)

–
–

Reference
1.05 (0.99, 1.12)†

–
–

Late-Cohort
2003-2013
Univariate
0.79 (0.67, 0.94)**

Multivariate
--

Reference
1.56 (1.06, 2.29)*
1.52 (0.97, 2.37)†

Reference
1.23 (0.78, 1.94)
0.83 (0.47, 1.46)

Reference
0.66 (0.49, 0.88)**
0.34 (0.18, 0.63)***

Reference
0.72 (0.53, 0.97)*
0.43 (0.21, 0.86)*

Reference
1.09 (0.94, 1.25)
Reference
1.06 (0.67, 1.69)
0.97 (0.62, 1.52)
1.66 (1.13, 2.42)**

–
–
Reference
0.78 (0.43, 1.40)
0.98 (0.61, 1.57)
1.04 (0.60, 1.80)

Reference
1.10 (0.96, 1.25)

–
–

Reference
0.85 (0.74, 0.98)*
0.84 (0.72, 0.98)*

Reference
0.88 (0.79, 0.99)*
0.83 (0.73, 0.95)**

Reference
0.87 (0.63, 1.19)
0.84 (0.57, 1.23)

Reference
1.08 (0.84, 1.38)
1.05 (0.82, 1.34)

–
–
–

Reference
1.35 (1.14, 1.61)***
1.49 (1.25, 1.78)***

Reference
1.31 (1.09, 1.57)**
1.37 (1.13, 1.65)**

Reference
0.90 (0.54, 1.52)
1.06 (0.62, 1.81)

Reference
1.16 (0.74, 1.82)
1.17 (0.74, 1.86)

–
–
–

Reference
1.22 (1.14, 1.30)***

Reference
1.21 (1.14, 1.29)***

Reference
0.97 (0.82, 1.14)

Reference
0.99 (0.84, 1.16)

–
–

Reference
1.39 (1.16, 1.67)***

Reference
1.21 (1.05, 1.40)**

Reference
1.57 (1.02, 2.43)*

Reference
0.75 (0.44, 1.25)

–
–

Reference
1.39 (1.14, 1.70)***

Reference
1.23 (1.03, 1.47)*

Reference
1.00 (0.70, 1.45)

Reference
0.99 (0.74, 1.33)

–
–

Reference
1.92 (1.63, 2.26)***
1.08 (0.94, 1.23)

Reference
1.70 (1.44, 2.01)***
–

Reference
1.04 (0.77, 1.41)
–

Reference
1.27 (0.94, 1.72)
1.54 (1.22, 1.94)***

c

d

Reference
1.31 (0.98, 1.76)†
1.50 (1.11, 2.04)**

Note. HSD=High school diploma; CESD= Center for Epidemiological Depression Scale; Includes crack cocaine, methamphetamines (or speed, meth or ice), Ecstasy; IDU=Intravenous drug use; †P<0.10; *P<0.05; **P<0.01; ***p<0.001
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Table 3-5. Prevalence Ratios of Risk Factors Associated with Daily Marijuana Use among HIV-positive Men
Prevalence Ratios (95% CI)
Early-Cohort
1996-2013

2003-2013
Multivariable
0.91 (0.61, 1.37)

Late-Cohort
2003-2013

Characteristics
Univariate
Multivariable
Univariate
Multivariable
Age, per 10-year increase
0.80 (0.59, 1.09)
0.90 (0.66, 1.23)
0.82 (0.65, 1.04)
0.90 (0.85, 0.95)***
Race
White, non-Hispanic
Reference
Reference
Reference
Reference
Reference
Black, non-Hispanic
1.51 (0.99, 2.32)†
1.24 (0.82, 1.91)
1.46 (0.90, 2.38)
2.00 (1.16, 3.46)*
0.99 (0.90, 1.09)
Other
0.62 (0.25, 1.53)
0.53 (0.20, 1.40)
0.48 (0.11, 2.07)
1.50 (0.76, 2.98)
1.04 (0.91, 1.19)
Education
a
HSD or less
Reference
Reference
Reference
Reference
Reference
Some college/college deg.
0.78 (0.49, 1.23)
0.81 (0.51, 1.27)
1.10 (0.52, 2.33)
0.60 (0.41, 0.87)**
0.95 0.88, 1.02)
Graduate work or more
0.49 (0.29, 0.84)**
0.54 (0.32, 0.93)*
0.86 (0.39, 1.89)
0.35 (0.15, 0.79)*
1.03 (0.89, 1.20)
Employment
Employed
Reference
–
–
Reference
–
Unemployed
0.99 (0.79, 1.24)
–
–
1.05 (0.89, 1.24)
–
Study center
Pittsburgh
Reference
–
–
Reference
Reference
Baltimore/Washington DC
0.75 (0.44, 1.28)
–
–
1.48 (0.80, 2.72)
1.05 (0.92, 1.19)
Chicago
0.69 (0.40, 1.18)
–
–
1.24 (0.66, 2.33)
0.83 (0.75, 0.91)***
Los Angeles
0.90 (0.58, 1.40)
–
–
1.74 (0.99, 3.04)†
0.85 (0.83, 1.08)
b
Depressive symptoms
CESD < 16
Reference
–
–
Reference
–
CESD ≥ 16
1.03 (0.91, 1.17)
–
–
1.04 (0.89, 1.21)
–
Alcohol use
None
Reference
–
–
Reference
–
Low-moderate
0.89 (0.71, 1.12)
–
–
1.11 (0.84, 1.49)
–
Heavy
0.91 (0.69, 1.19)
–
–
1.09 (0.82, 1.47)
–
Smoking
Never
Reference
–
–
Reference
–
Former
1.01 (0.55, 1.86)
–
–
1.17 (0.63, 2.15)
–
Current
1.03 (0.53, 1.98)
–
–
1.25 (0.67, 2.31)
–
c
Stimulant drug use
No
Reference
Reference
Reference
Reference
–
Yes
1.14 (0.97, 1.34)†
1.14 (0.98, 1.34)†
1.02 (0.83, 1.27)
0.96 (0.78, 1.19)
–
d
IDU
No
Reference
–
–
Reference
–
Yes
1.14 (0.80, 1.62)
–
–
0.61 (0.29, 1.27)
–
Hepatitis C virus antibody
Negative
Reference
Reference
Reference
Reference
–
Positive
1.32 (0.99, 1.74)†
1.32 (1.00, 1.76)†
1.19 (0.78, 1.80)
0.92 (0.56, 1.48)
–
e
HAART Use
No
Reference
–
–
Reference
Reference
Yes
0.98 (0.84, 1.14)
–
–
0.95 (0.76, 1.18)
0.99 (0.97, 1.01)
+
CD4 count
> 500
Reference
–
–
Reference
Reference
< 200
1.22 (0.91, 1.64)
–
–
0.91 (0.63, 1.31)
1.02 (0.99, 1.05)†
200 and < 500
0.98 (0.84, 1.15)
–
–
1.02 (0.86, 1.21)
1.00 (0.99, 1.01)
HIV viral load
Undetectable
Reference
–
–
Reference
Reference
Detectable
1.06 (0.90, 1.24)
–
–
0.91 (0.74, 1.12)
1.01 (0.99, 1.02)†
Medical Marijuana Law
1.02 (0.71, 1.48)
–
–
1.72 (1.27, 2.33)***
1.01 (1.00, 1.02)*
a
b
c
d
e
Note. HSD=High school diploma; CESD= Center for Epidemiological Depression Scale; Includes crack cocaine, methamphetamines (or speed, meth or ice), Ecstasy; IDU=Intravenous drug use; HAART=Highly active antiretroviral
therapy;†P<0.10; *P<0.05; **P<0.01; ***p<0.001
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CHAPTER 4
TRAJECTORIES OF MARIJUANA USE AND PREDICTORS OF TRAJECTORIES
Marijuana use is common among persons living with HIV as past studies have
reported prevalence rates of current marijuana use between 24% to 56% (Bruce et al.,
2013; DʼSouza et al., 2012; Furler et al., 2004; Harris et al., 2014; Mimiaga et al., 2013;
Prentiss et al., 2004) as compared to approximately 7% in the general United States
population (Substance Abuse and Mental Health Services Administration, Results from
the 2012 National Survey on Drug Use and Health: Summary of National Findings,
NSDUH Series H-46, HHS Publication No. (SMA) 13-4795. Rockville, MD: Substance
Abuse and Mental Health Services Administration, 2013., n.d.). Men who have sex with
men report higher rates of current and past-year marijuana use than their heterosexual
counterparts (Cochran, Ackerman, Mays, & Ross, 2004; McCabe, Hughes, Bostwick,
West, & Boyd, 2009). Several studies report that HIV-positive individuals use marijuana
to alleviate stress, anxiety, depression, HIV-related symptoms and side effects of
antiretroviral therapy (ART) (Corless et al., 2009; DʼSouza et al., 2012; Furler et al.,
2004; Ware et al., 2003). In one recent study, among HIV-positive individuals who inject
drugs and who recently seroconverted, heavy cannabis use was associated with lower
plasma viral load levels (Milloy et al., 2015). The therapeutic effects of marijuana are
proposed to be mediated via the actions of active cannabinoid chemicals in marijuana –
cannabidiol – at specific receptor sites: cannabinoid receptors (CB2) located mainly on
cells and tissues of the immune system (Borgelt, Franson, Nussbaum, & Wang, 2013;
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Rom & Persidsky, 2013). In contrast the primary psychoactive cannabinoid in
marijuana:THC binds to and activates another receptor site: cannabinoid receptor (CB1)
located mainly in areas of the brain(Herkenham et al., 1990) to produce the euphoric
and cognitive impairing effects of THC (Fusar-Poli et al., 2009). Accordingly, there are
concerns that marijuana use may be associated with poorer HIV treatment outcomes.
Previous studies have found marijuana use to be associated with decreased cognitive
functioning (Cristiani et al., 2004; Gonzalez et al., 2011) as well as reduced ART
adherence (Bonn-Miller et al., 2012; Corless et al., 2009), which is crucial for PLWH as
optimal adherence to ART medications is required for long-term viral suppression
(Viswanathan et al., 2014).
Effective prevention strategies to reduce unhealthy or harmful marijuana use
require an in-depth understanding of sub-groups with different patterns of use. Despite
the published evidence that marijuana use is common among HIV-positive individuals
and MSM and the potential adverse health outcomes associated with its use in these
population, very little is known about the patterns of marijuana use or how patterns of
marijuana use may change over time in these population.
Developmental research suggests different rather than similar pathways via
which individuals initiate and progress to unhealthy or problem substance use (Arnett,
2005; Kellam & Others, 1982) over the life course. For instance, individuals who start
using substances at an early age have increased risk of progressing to problem use and
developing use disorders (DeWit, Adlaf, Offord, & Ogborne, 2000; Tarter, Horner, &
Ridenour, 2012). Among HIV-positive women, depressive symptoms and a positive
hepatitis C infection was associated with a pattern of persistent heavy drinking over time
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(Cook et al., 2013). Another study found that low income and concurrent substance use
predicted consistent hazardous drinking among HIV-positive MSM (Marshall et al.,
2014). Therefore, understanding the natural history of marijuana use and the
identification of different trajectories of use over time is important in order for
intervention programs to be most effective. For instance, the identification of different
patterns of marijuana use over time can help characterize sub-groups of individuals with
the greatest risk of progressing to heavy or unhealthy patterns of marijuana use and
reveal unique predictors of such patterns which can be used to inform targeted
intervention programs. This study is unique in that it follows HIV-positive individuals and
MSM longitudinally over an extended period of many years to characterize the natural
history of their marijuana use. Past studies on substance use patterns in these
population have often focused on alcohol or heavy episodic drinking (Marshall et al.,
2014, 2015), cigarette smoking (Akhtar-Khaleel et al., 2016) or stimulant use (Lim et al.,
2010). Therefore, the objectives of the present study are to characterize the longitudinal
trajectories of marijuana use in a sample of HIV-positive and HIV-negative MSM over a
period of 29 years, and to identify factors associated with unique trajectories of
marijuana use and as well as those that can change over time that may modify the
course of the trajectory.
Methods
The Multicenter AIDS Cohort Study (MACS)
The MACS is an ongoing prospective cohort study of the natural and treated
history of HIV infection among MSM in the United States. A total of 6,972 men were
enrolled during the history of the project in three waves: 4,954 men in 1984-1985, 668 in
1987-1991, and 1350 in 2001-2003 and at four centers located in Baltimore/Washington
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DC, Chicago, Los Angeles, and Pittsburgh. The study design of the MACS has been
described previously (Roger Detels et al., 1992; Dudley et al., 1995; Kaslow et al.,
1987)and only the design relevant to the present analysis is described here. The study
questionnaires used in the MACS are available at
www.statepi.jhsph.edu/macs/forms.html. The institutional review boards at the
respective recruitment centers and their community affiliates approved the MACS study
protocols and all study participants provided informed consent. MACS participants
return every 6 months for a physical examination, collection of blood specimens and
completion of a detailed interview and questionnaires. The interview and questionnaires
include demographic, psychosocial, behavioral, and medical history data. The questions
about their recreational drug use, including marijuana, alcohol, poppers, cocaine, crack,
heroin, methamphetamine, ecstasy, injection drug use as well as smoking history since
their last visit were collected using audio computer assisted self-interviewing (ACASI),
an approach previously demonstrated to provide more accurate assessments of
‘sensitive behaviors’ than interview-administered questionnaires among MSM (Gribble
et al., 2000).
This analysis included data collected from marijuana standardized use questions
from semiannual study visits 1 (April, 1984 – September, 1984) through visit 59 (April
2013 – September 2013). The study sample included 3,658 participants who had data
about marijuana use for at least 25% of their possible study visits during the follow-up
period. Specifically, the men enrolled in 1984-1985 and 1987-1991 had 15 and 13 visits
or more, while the men enrolled in 2001-2003 had six or more visits. The median years
of follow-up was 11.5 years (interquartile range: 9.5 – 21.0).
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Measures
Outcome Measure. The MACS protocols assessed marijuana use at each study visit
with the following question “Have you used any pot, marijuana or hash since your last
visit? Participants who responded ‘No’ to this question were classified as non-users.
Among those who responded ‘Yes’, frequency of use was queried with the following
question “How often did you use Pot, Marijuana or Hash since your last visit?” with the
following response options: “Daily”; “Weekly”; “Monthly” and “Less often”.
Covariates
Sociodemographic Characteristics. The baseline visit (or index visit) was used
to define a three level categorical variable for race/ethnicity status (Non-Hispanic,
White, Non-Hispanic Black and other), educational attainment (high school diploma or
less, some college or college degree, graduate work or more) and employment
(employed or unemployed). Participants were classified according to the MACS study
center they were enrolled and whether they were enrolled prior to or after 2001.
Depressive symptoms. The Center for Epidemiologic Studies Depression
(CES-D) scale, was used to measure clinically significant symptoms of
depression(Radloff, 1977). The CESD includes components of depressed mood,
feelings of worthlessness, sense of hopelessness, sleep disturbance, loss of appetite,
and concentration difficulties. Scores on the CES-D of 16 or more suggests a clinically
significant level of psychological distress(Radloff, 1977).
Alcohol Use. Using data regarding frequency of drinking and average number of
alcoholic drinks alcohol consumption at baseline and at each study visit was
categorized as hazardous drinking (defined as consumption of ≥14 drinks per week or
any binge drinking i.e. 5 or more drinks per occasion)(“NIAAA: National Institute of
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Alcohol Abuse and Alcoholism. Helping patients who drink too much: a clinician’s guide.
Rockville, MD: NIAAA Publications Distribution Center; 2005.,” n.d.), low or moderate
use (any drinking not meeting criteria for hazardous use) or no alcohol use.
Tobacco Use. Participants were classified as never, former and current smokers
of cigarettes at each study visit. Participants were asked two questions including:
whether they ever smoked cigarettes and whether they smoke cigarettes now.
Participants were considered current smokers if they responded ‘Yes’ to both questions.
Participants were categorized as former smokers if they answered ‘Yes’ to ever
smoking cigarettes and ‘No’ to the smoking cigarettes now. Never smokers included
participants who answered ‘No’ to both questions. In addition, among current smokers,
pack-years of smoking at initial visit and at each subsequent visit was calculated using
participants’ responses to questions about the number of packs of cigarettes smoked
per day.
Stimulant/Recreational Drug Use. Participants were considered to be users of
stimulant drugs if they reported the use of any of the following drugs at baseline and at
each study visit: (1) crack cocaine, (2) other forms of cocaine, (3) methamphetamines
(or speed, meth or ice), (4) other recreational drugs such as “ecstasy” or MDMA (3,4methylenedioxy-N-methylamphetamine).
Clinical Factors. The MACS protocols assessed HIV serostatus using an
enzyme-linked immunosorbent assay with confirmatory Western blot tests on all MACS
participants at each participant’s initial visit and at each study visit for participants who
were initially HIV-negative. However, only participants who were HIV-positive at the time
of enrollment were included. Standardized flow cytometry was used to quantify CD4+ T-
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lymphocyte subset levels by each MACS site(Giorgi et al., 1990) and categorized as ≤
200/mm3, 201-500/mm3, and > 500/mm3. Levels of plasma HIV RNA were measured
using either the standard reverse transcription-polymerase chain reaction assay (Roche
Nutley, NJ) or with the Roche ultrasensitive assay (Roche Diagnostics. Standardized
viral load measures (across different assays) were used to create a dichotomous
variable to denote detectable (> 400 copies per mL) versus undetectable viral load.
HCV infection status was categorized as HCV negative if HCV antibody testing was
negative. Participants were classified at each MACS study visit as HCV positive if they
were found to be in the process of seroconversion, acute infection, chronic infection,
clearing (between RNA+ and RNA-), or previously HCV positive, but now clear of HCV
RNA. In addition to above-mentioned covariates described above, I considered that
factors specific to HIV-infection might influence trajectories of marijuana use among
HIV-positive participants. ART use was dichotomized as use of any ART since last
study visit versus no therapy used.
Attrition. Two binary variables were constructed and used as covariates to
adjust for the impact of attrition: one for participants who dropped out or were lost to
follow up (n=1,394) and another for those who died within the follow-up period (n=643).
Data Analysis
Self-reported frequency of marijuana across the follow-up period identified
trajectories using a semi-parametric group-based mixture method: PROC TRAJ SAS
procedure(Jones, Nagin, & Roeder, 2001). This approach sorts each participant’s
frequency of marijuana use over their follow-up period into ‘clusters’ and estimates a
single model – consisting of distinct trajectories. The procedure calculates the
probability of each participant belonging to each trajectory group and assigns individuals
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into trajectories based on their highest probability of trajectory membership(Jones et al.,
2001; Nagin, 2005). Participants were followed from the time of enrollment until either
the time of death, lost to follow up or until the end of the study period (MACS visit 59 or
September 2013). A sequence of models with 2-5 trajectories, assuming linear,
quadratic and cubic shape of the trajectory group curves were fit. Several factors were
considered in determining model fit and the optimal number of trajectory groups (and
trajectory shape) that best represented the heterogeneity of groups within the data:
including a priori knowledge from previous research on trajectories of marijuana use
(Brook et al., 2011; Brook JS, Zhang C, & Brook DW, 2011; Ellickson et al., 2004;
Nelson et al., 2015; Passarotti et al., 2015; Schulenberg et al., 2005; Windle & Wiesner,
2004), model fit statistics including Bayesian information criterion (BIC) (Raftery, n.d.),
Akaike Information Criterion (AIC; smaller value suggesting better fit) (Akaike, 1974),
average posterior probability (entropy) of group membership (a measure of
classification quality; greater than 0.7 suggest adequate internal reliability)(Nagin,
2005), significance of the shape of the trajectory group curves (e.g. linear, quadratic)
and size of the group membership (≥ 5% per each group size). Model fitting was an
iterative process, starting with a quadratic specification for the shape of the trajectory
group curves and assessing whether an additional group resulted in a better model fit
based on the criteria described above. Higher order shapes of the trajectory group
curves (e.g. cubic) were then estimated and non-significant terms subsequently
dropped. Models used a zero-inflated Poisson distribution to account for the large
proportion of participants who reported not using marijuana.
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Covariates of interest were included in the trajectories models, after selecting the
model with the optimal number of groups and shape of change. For this analysis, two
types of covariates were considered: time-fixed/risk factors of trajectory group
membership and time-varying covariates. These time-fixed/risk factors comprise
characteristics established before or at the time of the initial period of trajectories that
may serve to predict membership in a given trajectory. Time-varying covariates
measured during the course of the trajectory provide trajectory group-specific estimates
of whether these covariates alter the course of the trajectory. One advantage of the
PROC TRAJ software is that it allows for joint estimating of the parameters that
describe the shape of the trajectory group curves, adjusted odds ratio (for risk factors
for trajectory membership) and the coefficient estimates (for the time-varying
covariates). In order to account for potential differences in marijuana use by geographic
region/site and MACS enrollment cohort, all models included variables for MACS center
and enrollment cohort. Models were estimated for all participants as well as by HIVserostatus. Models that included all participants was adjusted for sociodemographic
characteristics, depressive symptoms, substance use variables, hepatitis C infection
status, attrition variables and HIV-serostatus. In the analysis restricted to HIV-positive
participants, I included other clinical factors relevant to HIV-positive status such as ART
use, CD4 counts and viral load detectability. All analysis was performed in SAS 9.4
(SAS Institute, Inc., Cary, NC).
Results
Sample Characteristics
The 3,658 participants in this study contributed 105, 595 person-visits, the
median number of visits was 23 (Interquartile Range [IQR]: 19, 42) representing
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approximately 11 years (Table 4-1). Among those who were HIV-positive (n=1,439 or
39%), the mean age at baseline visit was 35 years (STD: 7.7), median number of visits
was 23 (IQR= 18, 38), the majority (62%) were Non-Hispanic, Whites and 24% were
non-Hispanic, Blacks (Table 4-1). At baseline, among the HIV-positive participants,
marijuana use was high (62%: 52% used less than daily and 10% daily), 90% used
alcohol (25% meeting criteria for hazardous use), 67% reported stimulant/recreational
drug use, 44% were current smokers and 29% were classified as having clinically
significant depressive symptoms (CES-D≥16; Table 4-1). At baseline, the HIV-negative
participants in this study reported lower marijuana use (52%; 48% less than daily and
6% daily use), stimulant/recreational drug use (59%), rates of current smoking (35%)
and depressive symptoms (21%) than the HIV-positive participants. Both groups were
similar with regard to alcohol use (Table 4-1).
Marijuana Trajectories
Using data for the entire sample, participants’ self-reported frequency of
marijuana use across the follow-up period identified four groups with distinct trajectories
of marijuana use. A four-group solution was selected based on model parsimony,
interpretability of trajectories, BIC and AIC values, significance of the polynomial growth
terms, average posterior probabilities (which ranged between 0.95 – 0.99) and
trajectory group size membership (all ≥5%).Tables 4-6 – 4-9 displays model fit
information and average posterior probabilities of all models. Figure 4-1 displays the
trajectories of marijuana use of these four groups, which I labelled as: “Abstainers or
Infrequent use”, “Decreasers”, “Increasers” and “Chronic high”. A group of men who
abstained or used infrequently during the follow-up period characterized the abstainer or
infrequent use group (65% of the entire sample). The decreaser group (13% of the
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entire sample) consisted of a group of men who reduced their use from nearly weekly
use to infrequent use over the follow-up period. The increaser group (12% of the entire
sample) comprised a group of men who initially decreased their use during the first 10
years of follow-up, after which they began to increase their use over time. The chronic
high group (10% of the entire sample) represents a group of men who persistently used
marijuana nearly daily over the follow-up period. Figure 4-2 displays trajectories of
marijuana use among HIV-positive participants: 61% were in the abstainer/infrequent
use group, 14% were in the decreaser group, 14% in increaser group and 11% in the
chronic high group.
Table 4-2 displays the baseline characteristics of the entire sample by the four
identified trajectory groups of marijuana use. The median numbers of visits were similar
across the different marijuana trajectory groups and on average participants in the
abstainer/infrequent use group were older at baseline compared to the other groups.
Frequency of marijuana use at baseline varied across the marijuana trajectory groups:
as the proportion of daily users were <1% in the abstainer/infrequent users, 3% in the
decreasers, 7% in the increasers and 54% in the chronic high group. Racial status and
detectable HIV viral load (among HIV-positive participants) were similar across the
marijuana trajectory groups.
Time-Stable and Time-Varying Factors Associated with Trajectories
Among All Men
A HIV-positive status relative to being HIV-negative was associated with
significant increased odds of membership in all groups reporting marijuana use:
decreaser [Adjusted odds ratio (AOR) =1.61, 95% confidence interval (CI): 1.27 – 2.05;
p<0.001], increaser (AOR=1.63, 95% CI: 1.26 – 2.12; p<0.001) and chronic high
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(AOR=1.72, 95% CI: 1.32 – 2.23; p<0.001; Table 4-3 ) as compared to being in the
abstainer/infrequent use group. The men who reported any marijuana use relative to
those who abstained or used infrequently during the follow-up period were significantly
more likely to be younger. In addition, non-Hispanic blacks, as compared to nonHispanic whites had significantly increased odds of membership in the decreaser
(AOR)=1.42, 95% CI: 1.01 – 1.98; p=0.041) and increaser (AOR=1.43, 95% CI: 1.00 –
2.06; p=0.046; Table 4-3) groups relative to those in the abstainer/infrequent use group.
Those who had completed graduate work or more (at their baseline visit) as compared
to those with a high school diploma or less had reduced odds of membership in
decreaser (AOR=0.61, 95% CI: 0.44 – 0.87; p<0.001; Table 4-3) and chronic high
(AOR=0.61, 95% CI: 0.41 – 0.89; p<0.001; Table 4-3) groups relative to the
abstainer/infrequent use group. There were several significant associations with MACS
study center on membership in the marijuana use trajectories. Those enrolled in the Los
Angeles center as compared to nearly all other MACS centers had higher odds of
reporting any marijuana use relative to being in the abstainer/infrequent use group.
Participants who were lost to follow up and those who died during the follow-up period
had significantly increased odds of membership in only the increaser trajectory group.
Table 4-3 also displays the results for the effects of time-varying covariates.
These estimates are trajectory group-specific: i.e. they indicate whether a covariate
measured over time alters the trajectory of marijuana use within that trajectory group
only. The estimates for the time-varying covariates are growth parameters that describe
the amount of change/deviation from the average long-term trajectory of marijuana use
within the trajectory. Depressive symptoms were significantly associated with increasing
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marijuana use within the abstainer/infrequent (p<0.05), decreaser (p<0.01), and chronic
high groups (p<0.001). Alcohol use (low/moderate and hazardous use), being a current
smoker, stimulant/recreational drug use and IDU were each significantly associated with
Among HIV-positive Participants
HIV-positive participants who reported any marijuana use were significantly
younger relative to those who abstained or used infrequently (Table 4-4). Non-Hispanic,
blacks as compared to non-Hispanic, whites, had increased odds of membership in the
decreaser group (AOR=1.82, 95% CI: 1.10 – 2.99; p=0.021). Table 4-4 displays results
for the effect of time-varying covariates on trajectory levels. Alcohol use over time was
associated with increasing marijuana use in all trajectory groups (all ps <0.001);
however, hazardous use was not associated with increasing marijuana use in the
chronic high group (p>0.05). Current cigarette smoking and stimulants/recreational drug
use during follow-up was significantly associated with increasing marijuana use across
all trajectory groups (all ps <0.001). ART use was significantly associated with
decreasing marijuana use in the abstainer/infrequent (p=0.047) and increaser groups
(p=0.045). Detectable HIV RNA over time was significantly associated with increasing
marijuana use in the increaser group (p=0.002).
Discussion
This study utilized data from the MACS cohort to assess different patterns of
marijuana use and to examine both risk factors and time-varying correlates associated
with the different trajectories of marijuana use. Our analysis revealed that MSM in the
MACS exhibited four distinct trajectories of marijuana use over time including
abstainer/infrequent users, decreasers, increasers and chronic high users. Most of the
men in this cohort displayed a pattern of abstaining or infrequent use over time (65%)
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while about 10% who used daily or near daily at their index visit continued this pattern of
use over their follow-up visits. About a quarter of the men changed their pattern of use
over time, either decreasing (~13% of the men) or increasing use (~12% of the men).
Overall, our analysis suggested that these patterns of marijuana use over time were
similar for both HIV-positive and HIV-negative participants. In the analysis among all
men, HIV-positive status was associated with membership across all three-trajectory
groups reporting any marijuana use. Among HIV-positive participants, having a
detectable HIV RNA over time was associated with increasing marijuana use only
among the men that increased their marijuana use during the follow-up period. Selfreported ART use over time in HIV-positive men was associated with reducing
marijuana use in the abstainer/infrequent and increaser groups. Overall, alcohol,
cigarette, stimulant/recreational drug use and IDU over time were associated with
increasing marijuana use in nearly all trajectory groups.
This study is unique because there has not been a previous study that has
examined trajectories of marijuana use in HIV-positive and HIV-negative MSM over a
long period of follow up. Prior studies that have assessed trajectories of marijuana use
have focused on adolescents transitioning into young adulthood (Brook et al., 2011;
Brook JS et al., 2011; Ellickson et al., 2004; Nelson et al., 2015; Passarotti et al., 2015;
Schulenberg et al., 2005; Windle & Wiesner, 2004) or racial/ethnic minorities (Juon et
al., 2011; Pahl, Brook, & Koppel, 2011; Whitesell et al., 2013), with a few studies
reporting trajectories of use covering adulthood (Brook, Lee, & Brook, 2014; Brook, Lee,
Finch, & Brook, 2014; Pardini, Bechtold, Loeber, & White, 2015). Direct comparisons of
the results from our study with prior research may not be straightforward due to the
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different populations studied and age periods covered. However, nearly all studies on
trajectories of marijuana use have identified a group that abstained or used infrequently,
with some identifying a chronic high user group and a few identifying a group that
increased (Ellickson et al., 2004; Schulenberg et al., 2005) and decreased (Schulenberg
et al., 2005; Windle & Wiesner, 2004) their use.
The present study found that a HIV-positive status was associated with
membership in the decreaser, increaser and chronic high marijuana trajectory group, a
finding that suggests that overall HIV-positive MSM in the MACS were more likely to
use marijuana as compared to HIV-negative MSM. This finding is consistent with a
number of studies reporting higher rates of marijuana use among HIV-positive
individuals as compared to HIV-uninfected populations (DʼSouza et al., 2012; Furler et
al., 2004; Harris et al., 2014; Mimiaga et al., 2013; Prentiss et al., 2004; Substance
Abuse and Mental Health Services Administration, Results from the 2012 National
Survey on Drug Use and Health: Summary of National Findings, NSDUH Series H-46,
HHS Publication No. (SMA) 13-4795. Rockville, MD: Substance Abuse and Mental
Health Services Administration, 2013., n.d.). HIV-positive individuals report using
marijuana to alleviate symptoms related to HIV-infection as well as side effects of ART,
although a substantial portion of HIV-positive individuals use marijuana recreationally
(DʼSouza et al., 2012). About 16% of the HIV-positive men in this study reported
decreasing their marijuana use over time. This pattern of decreasing substance use
over time was recently observed in a study of trajectories of stimulant use among MACS
participants (Lim et al., 2010). The authors also found that the men who decreased
stimulant drug use reported significant reduction in risky sexual practices over time.
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Among the HIV-positive MSM in this study, having a detectable HIV RNA over time was
associated with increasing marijuana use among individuals in the increaser group, but
not among the men in the decreaser or chronic high groups. Accordingly, the study
found that ART use over time was associated with decreasing marijuana use in the
abstainer/infrequent and increaser groups. It is important to note that the assessment
procedures used in this study make it difficult to ascertain that ART use preceded
marijuana use. However, these findings provide some reassurance that there may not
be an urgent need to intervene; though, there is a need to continue to study the longterm effects of marijuana use on other health outcomes both in HIV-positive and HIVnegative individuals.
In the data presented here, among the entire sample as well as HIV-positive
individuals, younger age was associated with membership in all marijuana trajectory
groups and being non-Hispanic, black was associated with membership in the
decreaser and increaser groups. In addition, alcohol use, cigarette smoking,
stimulants/recreational drug use and depressive symptoms over time served to increase
marijuana use within nearly all marijuana trajectory groups. This finding is consistent
with previous studies that found significant overlap between several types of drug use
and other psychosocial health problems (Halkitis et al., 2014, 2015; Stall et al., 2003).
Accordingly, any prevention approaches to mitigate these behaviors should not focus on
one of these behaviors or conditions but must consider these co-occurring conditions
holistically.
This study has some limitations, which I highlight in order for some caution to be
exercised in the interpretation of our study findings. The study was restricted to MACS
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participants who had at least 25% or more study visits in order to estimate stable
trajectory models. However, at baseline, those included in this study differed from those
not included on a number of sociodemographic and clinical characteristics as well as
use of substances including marijuana (Table 4-5). Therefore, different trajectories of
marijuana use may have emerged if these participants had been included in our study.
Furthermore, in the MACS, data on substance use (including marijuana use) was
obtained via Audio Computer Assisted Interview (ACASI). Although this method has
demonstrated good validity in obtaining sensitive information such as drug use in
studies of HIV-positive individuals(Macalino, Celentano, Latkin, Strathdee, & Vlahov,
2002) and among MSM (Gribble et al., 2000), the data reported here related to
substance use may be subject to social desirability bias and most likely an under
reporting with a potential underestimation of the true trajectories of marijuana use.
Related to this issue is other biases related to participation in a large ongoing cohort
study like the MACS, participant attrition due to dropouts and mortality, which may result
in an underestimation of long-term estimates of marijuana use. Indeed, in the present
study found that men who increased their marijuana use and those with chronic high
use over time were significantly more likely to die or to drop out during follow-up as
compared to the abstainer/infrequent group. What this suggests is that the attrition in
these groups may have precluded us from identifying what their patterns of marijuana
use would have been if they had remained in the study. In addition, participants in the
MACS represent a highly cooperative cohort of MSM retained in an ongoing cohort
study and thus our findings here may not be generalizable to the larger MSM
population. Finally, the semi-parametric group based modelling used in this study has
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been criticized for its tendency to over identify trajectory groups within a population
(Bauer & Curran, 2003). Accordingly, Nagin and Tremblay caution that groups extracted
from the group-based trajectory models should be thought of as approximations of the
more complex underlying reality of individual-level trajectories of a behavior (Nagin,
2005; Nagin & Tremblay, 2005) and as such reification of trajectory groups should be
done with caution.
In sum, this study used data from a large sample, with a long period of follow up
and utilized frequency measures of marijuana use to describe the natural history of
marijuana use in HIV-positive and HIV-negative MSM. Our study revealed different
trajectories of use over time: with approximately 1 in 10 of the men emerged as chronic
heavy users or increased their use over time. Future investigations need to determine
whether long-term patterns of heavy use are associated with adverse consequences
especially among HIV-positive persons.
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Table 4-1. Characteristics of MACS Men Used in The Trajectories at Baseline
All men (N=3,658)
n (%)

HIV-negative
(n=2,219)
n (%)
22 (20, 44)
35 (8.4)

HIV-positive
(n=1,439)
n (%)
23 (18, 38)
35 (7.7)

No of visits, median, IQR
23 (19, 42)
Age (mean, SD)
35 (8.2)
Race, n (%)
Non-Hispanic, Whites
2692 (74)
1797 (81)
895 (62)
Non-Hispanic, Blacks
620 (17)
278 (13)
342 (24)
Other
346 ( 9 )
144 ( 6 )
202 (14)
Education, n (%)
High school diploma or less
621 (17)
289 (13)
332 (23)
Some college or college degree
1797 (49)
1057 (48)
740 (52)
Graduate work or more
1227 (34)
864 (39)
363 (25)
Unemployed, n (%)
370 (10)
200 ( 9 )
170 (12)
Study center, n (%)
Baltimore/Washington DC
942 (26)
622 (28)
320 (22)
Chicago
766 (21)
424 (19)
342 (24)
Pittsburgh
813 (22)
557 (25)
256 (18)
Los Angeles
1137 (31)
616 (28)
521 (36)
Study enrollment, n (%)
Pre 2001
2726 (75)
1818 (82)
908 (63)
Post-2001
932 (25)
401 (18)
531 (37)
Depressive symptoms, n (%)
CESD < 16
2642 (76)
1669 (79)
973 (71)
CESD ≥ 16
844 (24)
449 (21)
395 (29)
Alcohol use, n (%)
None
312 ( 9 )
177 ( 8 )
135 (10)
Low/moderate
2441 (68)
1533 (70)
908 (65)
a
Hazardous use
826 (23)
468 (21)
358 (25)
Smoking, n (%)
Never
1494 (41)
968 (44)
526 (37)
Former
733 (20)
461 (21)
272 (19)
Current
1394 (39)
774 (35)
620 (44)
Cumulative pack-years, median (IQR), y
2.2 (0, 18)
1.0 (0, 18)
3.9 (0, 18)
Stimulants/recreational substance use, n (%)
2259 (62)
1308 (59)
951 (67)
IDU, n (%)
296 ( 8 )
109 ( 5 )
187 (14)
Positive Hepatitis C virus antibody, n (%)
262 ( 7 )
104 ( 5 )
158 (11)
Detectable HIV RNA (>40 copies/ml), n (%)
--1090 (91)
+
Current CD4 count (cells per cubic milliliter)
< 200
--129 ( 9)
≥ 200 and < 500
--517 (36)
> 500
--779 (55)
ART use, n (%)
--345 (24)
History of AIDS, n (%)
--557 (39)
Marijuana use, n (%)
None
1578 (43)
1031 (47)
547 (39)
Less than daily
1791 (50)
1054 (48)
736 (52)
Daily
258 ( 7 )
123 ( 6 )
135 (10)
a
b
Note. Hazardous alcohol use defined as > 14 drinks per week or Binge Drinking (1.e. 5 or more drinks per occasion); Includes crack cocaine,
methamphetamines (or speed, meth or ice), Ecstasy. IQR=Interquartile Range. SD= Standard Deviation. CESD= Center for Epidemiological
Depression Scale. ART=Antiretroviral Therapy; IDU=Intravenous Drug Use
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Table 4-2. Characteristics of MACS Men at Baseline by Marijuana Trajectories
P-value
Abstainer
Decreasers( Increasers
Chronic high
2/F
Characteristics
(n=2,380)
n=483)
(n=425)
(n=370)
No of visits, median (IQR)
23 (19, 43)
23 (19, 45)
21 (18, 28)
23 (18, 45)
10.5
<.0001
Age, mean (SD)
36 (8.4)
33 (7.8)
33 (7.2)
32 (6.8)
28.3
<.0001
Race, n (%)
8.2
.2173
White, non-Hispanic
1769 (74)
334 (69)
313 (79)
276 (75)
Black, non-Hispanic
389 (16)
95 (20)
79 (19)
57 (15)
Other
222 (10)
54 (11 )
33 ( 8 )
37 (10)
Education, n (%)
61.7
<.0001
High school diploma or less
375 (16)
96 (20)
81 (19)
69 (19)
Some college or college degree
1101 (46)
275 (57)
208 (49)
213 (58)
Graduate work or more
896 (38)
111 (23)
134 (32)
86 (23)
Unemployed, n (%)
225 ( 9 )
65 (13)
37 ( 9 )
43 (11)
8.9
.0302
Study center, n (%)
54.1
<.0001
Baltimore/Washington DC
667 (28)
98 (20)
114 (27)
63 (17)
Chicago
495 (21)
108 (22)
89 (21)
74 (20)
Pittsburgh
555 (23)
95 (20)
73 (17)
90 (24)
Los Angeles
149 (35)
182 (38)
149 (35)
143 (39)
Study enrollment, n (%)
7.3
.0611
Post-2001
626 (26)
132 (27)
90 (21)
84 (23)
Depressive symptoms, n (%)
20.6
.0001
CESD ≥ 16
503 (22)
140 (30)
97 (24)
104 (30)
Alcohol use, n (%)
113.1
<.0001
None
261 (11)
17 ( 4 )
16 ( 4 )
18 ( 5 )
Low/moderate
1635 (70)
305 (64)
274 (67)
227 (62)
Hazardous use
432 (19)
152 (32)
120 (29)
122 (33)
Smoking, n (%)
193.5
<.0001
Never
1141 (48)
135 (28)
134 (32)
84 (23)
Former
481 (20)
78 (16)
88 (21)
86 (23)
Current
734 (31)
267 (56)
194 (47)
199 (54)
Cumulative pack-years, median (IQR), y
0.05 (0, 15)
5.6 (0, 18) 5.2 (0, 22)
9.4 (0.13, 22) 17.9
<.0001
Stimulants/recreational substance use, n (%)
1231 (52)
397 (83)
332 (79)
299 (81)
100.4
<.0001
IDU, n (%)
143 ( 6 )
72 (16)
40 (10)
41 (12)
52.7
<.0001
Positive Hepatitis C virus antibody, n (%)
158 ( 7 )
49 (10)
29 ( 7 )
26 ( 7 )
7.4
.0588
HIV-positive
817 (34)
231 (48)
207 (49)
184 (50)
71.9
<.0001
ART use, n (%) †
236 (29)
48 (21)
29 (14)
32 (17)
27.7
<.0001
Detectable HIV RNA (>400 copies/ml), n (%) †
619 (76)
172 (74)
162 (78)
137 (74)
1.2
.7417
+
Current CD4 count (cells per cubic milliliter)†
10.8
.0927
< 200
84 (10)
16 ( 7 )
18 ( 9 )
11 ( 6 )
≥ 200 and < 500
310 (38)
79 (35)
64 (31)
64 (35)
> 500
416 (52)
133 (58)
124 (60)
106 (59)
History of AIDS†
283 (35)
99 (43)
100 (48)
75 (41)
15.7
.0013
Lost to follow up
935 (39)
159 (33)
179 (42)
119 (32)
15.3
.0015
Died
336 (14)
95 (20)
104 (24)
83
(22)
41.1
<.0001
Marijuana use, n (%)
2231.0
<.0001
None
2049 (92)
218 (50)
140 (36)
20 ( 6 )
Less than daily
155 ( 7 )
199 (46)
207 (54)
132 (40)
Daily
4
(<1)
15 ( 3 )
39 ( 7 )
181 (54)
a
Note. Hazardous alcohol use defined as > 14 drinks per week or Binge Drinking (1.e. 5 or more drinks per occasion);
b
Includes crack cocaine, methamphetamines (or speed, meth or ice), Ecstasy. IQR=Interquartile Range. SD= Standard Deviation.
CESD= Center for Epidemiological Depression Scale. ART=Antiretroviral Therapy. IDU=Intravenous Drug Use;
†Among HIV-positive participants. Chi-square tests (for categorical variables) and ANOVAs (for continuous variables) was used to examine
differences in trajectory groups.
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Table 4-3. Risk Factors for Marijuana Trajectories among All Men†
Characteristics
Age, per year increase
Race (vs. White, non-Hispanic)
Black, non-Hispanic
Other
Education (vs. HSD or Less)
Some college or college degree
Graduate work or more
Unemployed
Study center (vs. Los Angeles)
Baltimore/Washington DC
Chicago
Pittsburgh
Study enrollment (vs. Pre 2001)
Post-2001
HIV-serostatus (vs. HIV-negative)
HIV-positive
Lost to follow up
Died

Abstainer
(n=2,380)
AOR 95% CI
Reference

Decreasers
(n=483)
AOR 95% CI
0.96 (0.95 – 0.98)***

Increasers
(n=425)
AOR 95% CI
0.96 (0.95 – 0.98)***

Chronic high
(n=370)
AOR 95% CI
0.95 (0.94 – 0.97)***

Reference
Reference

1.42 (1.01 – 1.98)*
0.79 (0.53 – 1.18)

1.43 (1.00 – 2.06)*
0.62 (0.39 – 0.98)**

1.01 (0.68 – 1.51)
0.75 (0.48 – 1.18)

Reference
Reference
Reference

1.04 (0.78 – 1.39)
0.61 (0.44 – 0.87)***
1.23 (0.87 – 1.74)

0.86 (0.62 – 1.18)
0.85 (0.60 – 1.21)
1.14 (0.77 – 1.69)

0.94 (0.68 – 1.30)
0.61 (0.41 – 0.89)***
1.17 (0.79 – 1.74)

Reference
Reference
Reference

0.66 (0.50 – 0.88)***
0.81 (0.61 – 1.09)
0.60 (0.44 – 0.82)***

0.74 (0.55 – 0.99)*
0.72 (0.52 – 0.99)*
0.57 (0.41 – 0.79)*

0.53 (0.38 – 0.75)***
0.76 (0.55 – 1.05)
0.78 (0.57 – 1.07)

Reference

0.99 (0.74 – 1.38)

0.81 (0.56 – 1.17)

0.74 (0.51 – 1.08)

Reference
1.61 (1.27 – 2.05)***
1.63 (1.26 – 2.12)***
1.72 (1.32 – 2.23)***
Reference
1.01 (0.78 – 1.28)
1.66 (1.28 – 2.17)***
0.82 (0.63 – 1.08)
Reference
1.24 (0.90 – 1.69)
2.22 (1.60 – 3.07)***
1.22 (0.88 – 1.71)
Time-Varying Covariates Influencing Trajectory of Marijuana Use Within Each Trajectory Among All Men (N=3,658)†
Trajectory-specific growth parameters (95% CI)
Depression (CESD≥16)
0.01 (0.00 – 0.02)*
0.06 (0.03 – 0.09)**
0.01 (-0.02 – 0.05)
0.13 (0.10 – 0.17)***
Low/moderate alcohol use
0.08 (0.07 – 0.10)**
0.69 (0.64 – 0.73)***
0.72 (0.67 – 0.77)***
0.24 (0.19 – 0.29)***
a
Hazardous alcohol use
0.16 (0.14 – 0.19)**
0.81 (0.76 – 0.86)***
0.83 (0.76 – 0.89)***
0.25 (0.20 – 0.31)***
Current Smoker
0.07 (0.05 – 0.08)*
0.29 (0.26 – 0.33)***
0.25 (0.21 – 0.29)***
0.21 (0.18 – 0.24)***
b
Stimulants/Recreational drug use
0.24 (0.22 – 0.25)***
0.44 (0.41 – 0.47)***
0.49 (0.45 – 0.52)***
0.23 (0.19 – 0.26)***
IDU
0.14 (0.08 – 0.21)***
0.22 (0.13 – 0.32)***
0.46 (0.31 – 0.61)***
0.17 (0.04 – 0.30)***
Positive Hepatitis C virus antibody
-0.02 (-0.04 – 0.00)
-0.00 (-0.04 – 0.04)
0.04 (-0.15 – 0.09)
0.07 (0.02 – 0.13)***
†
a
b
Note. Models were estimated simultaneously within the Proc Traj software, Hazardous alcohol use defined as > 14 drinks per week or Binge Drinking (1.e. 5 or more drinks per occasion); Includes crack cocaine, methamphetamines (or
speed, meth or ice), Ecstasy. IQR=Interquartile Range. SD= Standard Deviation. CESD= Center for Epidemiological Depression Scale. ART=Antiretroviral Therapy. IDU=Intravenous Drug Use. OR=Odds Ratio; AOR=Adjusted Odds ratio;
*P<0.05; **P<0.01; ***P<0.001
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Table 4-4. Risk Factors for Marijuana Trajectories among HIV-positive Men†
Characteristics
Age, per year increase
Race (vs. White, non-Hispanic)
Black, non-Hispanic
Other
Education (vs. HSD or Less)
Some college or college degree
Graduate work or more
Study center (vs. Los Angeles)
Baltimore/Washington DC
Chicago
Pittsburgh
Study enrollment (vs. Pre 2001)
Post-2001
History of AIDS
Lost to follow up
Died

Abstainer
(n=820)
AOR 95% CI
Reference

Decreasers
(n=235)
AOR 95% CI
0.98 (0.95 – 1.00)*

Increasers
(n=207)
AOR 95% CI
0.97 (0.95 – 0.99)*

Chronic high
(n=177)
AOR 95% CI
0.95 (0.93 – 0.98)**

Reference
Reference

1.82 (1.10 – 2.99)*
1.24 (0.71 – 2.14)

1.15 (0.70 – 1.91)
0.66 (0.36 – 1.20)

1.30 (0.76 – 2.22)
0.70 (0.37 – 1.30)

Reference
Reference

0.98 (0.64 – 1.51)
0.56 (0.32 – 0.98)*

1.11 (0.71 – 1.74)
1.21 (0.72 – 2.02)

1.02 (0.65 – 1.60)
0.62 (0.35 – 1.10)

Reference
Reference
Reference

0.64 (0.39 – 1.05)
1.00 (0.65 – 1.55)
0.73 (0.43 – 1.24)

0.72 (0.46 – 1.12)
0.69 (0.45 – 1.07)
0.54 (0.32 – 0.90)*

0.55 (0.33 – 0.91)**
0.77 (0.48 – 1.23)
0.75 (0.45 – 1.23)

Reference
0.53 (0.32 – 0.89)**
0.70 (0.42 – 1.17)
Reference
1.04 (0.64 – 1.69)
1.16 (0.74 – 1.82)
Reference
1.36 (0.86 – 2.14)
1.02 (0.63 – 1.65)
Reference
1.24 (0.74 – 2.08)
1.36 (0.84 – 2.20)
Time-Varying Covariates Influencing Trajectory of Marijuana Use Within Each Trajectory Among HIV-positive Men (N=1,439)†
Trajectory-specific growth parameters (95% CI)
0.01 (-0.00 – 0.04)
0.15 (0.09 – 0.20)***
-0.06 (-0.12 – -0.01)*
0.11 (0.09 – 0.14)***
0.54 (0.47 – 0.62)***
0.78 (0.70 – 0.85)***
0.20 (0.16 – 0.25)***
0.72 (0.62 – 0.82)***
0.93 (0.83 – 1.04)***
0.07 (0.05 – 0.10)***
0.25 (0.20 – 0.31)***
0.51 (0.45 – 0.57)***
0.25 (0.22 – 0.27)***
0.53 (0.47 – 0.59)***
0.52 (0.46 – 0.58)***
0.09 (0.01 – 0.18)*
0.02 (-0.11 – 0.16)
-0.18 (-0.34 – -0.03)*
-0.00 (-0.03 – 0.03)
0.28 (0.20 – 0.36)***
-0.03 (-0.11 – 0.04)
-0.04 (-0.07 – -0.01)*
0.03 (-0.02 – 0.09)
-0.14 (-0.21 – -0.07)*
0.00 (-0.02 – 0.02)
-0.01 (-0.06 – 0.04)
0.09 (0.04 – 0.14)**

0.51
0.81
0.87
1.07

(0.29 – 0.87)*
(0.49 – 1.32)
(0.54 – 1.42)
(0.63 – 1.82)

Depression (CESD≥16)
0.09 (0.03 – 0.15)**
Low/moderate alcohol use
0.16 (0.08 – 0.25)***
a
Hazardous alcohol use
-0.00 (-0.10 – 0.09)
Current Smoker
0.38 (0.32 – 0.43)***
b
Stimulants/Recreational drug use
0.34 (0.28 – 0.39)***
IDU
0.41 (0.20 – 0.62)**
Positive Hepatitis C virus antibody
0.25 (0.15 – 0.35)***
ART Use
-0.02 (-0.09 – 0.05)
Detectable HIV RNA
0.00 (-0.05 – 0.06)
+
CD4 count
≥ 200 and < 500
-0.02 (-0.05 – 0.00)
0.02 (-0.04 – 0.09)
0.05 (-0.02 – 0.12)
0.03 (-0.04 – 0.12)
> 500
-0.03 (-0.06 – -0.00)*
-0.03 (-0.10 – 0.04)
-0.04 (-0.12 – 0.04)
0.26 (0.18 – 0.34)***
†
a
b
Note. Models were estimated simultaneously within the Proc Traj software Hazardous alcohol use defined as > 14 drinks per week or Binge Drinking (1.e. 5 or more drinks per occasion); Includes crack cocaine, methamphetamines (or
speed, meth or ice), Ecstasy. IQR=Interquartile Range. SD= Standard Deviation. CESD= Center for Epidemiological Depression Scale. ART= Antiretroviral Therapy. IDU=Intravenous Drug Use. OR=Odds Ratio; AOR=Adjusted Odds ratio;
*P<0.05; **P<0.01; ***P<0.001
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Table 4-5. Baseline Characteristics of MACS Men Included and Excluded From the Analysis

Age (mean, SD)
Race, n (%)
Non-Hispanic, Whites
Non-Hispanic, Blacks
Other
Education, n (%)
High school diploma or less
Some college or college degree
Graduate work or more
Unemployed, n (%)
Study center, n (%)
Baltimore/Washington DC
Chicago
Pittsburgh
Los Angeles
Study enrollment, n (%)
Pre 2001
Post-2001
Depressive symptoms, n (%)
CESD < 16
CESD ≥ 16
Alcohol use, n (%)
None
Low/moderate
a
Hazardous use
Smoking, n (%)
Never
Former
Current
Cumulative pack-years, median (IQR), y
Stimulants/recreational substance use, n (%)
IDU, n (%)
Positive Hepatitis C virus antibody, n (%)

Included
(n=3,658)
n
(%)
35 (8.2)

Excluded
(n=2,680)
n
(%)
33 (8.1)

2692 (74)
620 (17)
346 ( 9 )

1855 (69)
542 (20)
278 (11)

621 (17)
1797 (49)
1227 (34)
370 (10)

610 (23)
1371 (52)
654 (25)
334 (13)

942 (26)
766 (21)
813 (22)
1137 (31)

647
686
571
776

2726 (75)
932 (25)

2312 (86)
368 (14)

2642 (76)
844 (24)

1884 (75)
621 (25)

312 ( 9 )
2441 (68)
826 (23)

238 ( 9 )
1630 (62)
746 (29)

1494 (41)
733 (20)
1394 (39)
2.2 (0, 18)
2259 (62)
296 ( 8 )
262 ( 7 )

905 (34)
502 (19)
1242 (47)
4.8 (0, 22)
1807 (68)
242 (10)
253 (10)

2/F

P-value

51.6
14.4

<.0001
.0007

71.3

<.0001

8.6
19.1

.0033
.0003

130.9

<.0001

0.26

.6069

25.8

<.0001

47.0

<.0001

22.1
22.2
2.9
11.0

<.0001
<.0001
.0873
.0009

(24)
(26)
(21)
(29)

HIV status
Negative
2219 (61)
1176 (44)
175.1
<.0001
Positive
1439 (39)
1504 (56)
Detectable HIV RNA (>40 copies/ml), n (%) †
1090 (91)
866 (97)
24.4
<.0001
+
Current CD4 count (cells per cubic milliliter)†
16.8
.0002
< 200
129 ( 9)
172 (12)
≥ 200 and < 500
517 (36)
612 (41)
> 500
702 (47)
779 (55)
ART use, n (%) †
345 (24)
106 ( 9 )
96.2
<.0001
History of AIDS, n (%) †
557 (39)
1125 (75)
391.2
<.0001
Marijuana use, n (%)
30.3
<.0001
None
1578 (43)
936 (35)
Less than daily
1791 (50)
1492 (56)
Daily
258 ( 7 )
229 ( 9 )
a
b
Note. Hazardous alcohol use defined as > 14 drinks per week or Binge Drinking (i.e. 5 or more drinks per occasion); Includes crack cocaine,
methamphetamines (or speed, meth or ice), Ecstasy. IQR=Interquartile Range. SD= Standard Deviation. CESD= Center for Epidemiological
Depression Scale. ART=Antiretroviral Therapy. IDU=Intravenous Drug Use; †Among HIV-positive participant; Chi-square tests (for categorical
variables) and ANOVAs (for continuous variables) were used to examine differences in trajectory groups.
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Table 4-6. Model Fit Statistics for Marijuana Trajectories for All Men
Number of trajectories
AIC
BIC
Prevalence of smallest trajectory
2
-133445.5
-133470.3
19.4%
3
-122307.0
-122344.2
12.4%
4
-118414.1
-118463.7
9.7%
5
-114833.9
-114895.9
5.4%
Final 4-group solution
-117859.8
-117921.8
10.0%
Note- AIC=Alkaike Information Criterion, BIC=Bayesian Information Criterion

Table 4-7. Average Posterior Probabilities of the Final Four Marijuana Trajectory Solution for All Men
Marijuana trajectory groups
Marijuana trajectory group
Abstainer
Decreaser
Increaser
Chronic high group
Abstainer
0.992
0.017
0.016
0.000
Decreaser
0.005
0.968
0.013
0.013
Increaser
0.002
0.009
0.967
0.003
Chronic high user
0.000
0.004
0.002
0.983
Note-Based on the final 4-group solution. Probabilities on the diagonal are average posterior probabilities of trajectory membership among
persons assigned to that group, while, the probabilities on the off-diagonal are the average posterior probabilities of group membership among
persons not assigned to that group

Table 4-8. Model Fit Statistics for Trajectories for HIV-positive Men
Number of trajectories
AIC
BIC
Prevalence of smallest trajectory
2
-53857.24
-53878.33
21.5%
3
-50408.71
-50440.34
12.8%
4
-48840.64
-48882.81
7.7%
5
-47919.24
-47971.95
7.6%
Final 4-group solution
-48835.34
-48882.78
10.9%
Note- AIC=Alkaike Information Criterion, BIC=Bayesian Information Criterion.

Table 4-9. Average Posterior Probabilities of the Final Four Marijuana Trajectory Solution for the HIV-positive Men
Marijuana trajectory groups
Marijuana trajectory group
Abstainer
Decreaser
Increaser
Chronic high group
Abstainer
0.991
0.009
0.027
0.000
Decreaser
0.004
0.965
0.014
0.008
Increaser
0.003
0.017
0.956
0.004
Chronic high user
0.000
0.007
0.002
0.986
Note-Based on the final 4-group solution. Probabilities on the diagonal are average posterior probabilities of trajectory membership among
persons assigned to that group, while, the probabilities on the off-diagonal are the average posterior probabilities of group membership among
persons not assigned to that group
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Figure 4-1. Trajectories of marijuana use among 3,658 HIV-positive and HIV-negative participants in the Multicenter AIDS Cohort Study (MACS) 1984-2013.
The solid lines represent the predicted probabilities of frequency of marijuana use conditional on membership in one of the four marijuana trajectory groups, while the dotted lines represent the actual
frequency of marijuana use given group membership. The y-axis represents the conditional probabilities of frequency of marijuana use, while the x-axis represents the years of follow-up.
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Figure 4-2.Trajectories of marijuana use among 1,439 HIV+ participants in the Multicenter AIDS Cohort Study (MACS) 1984-2013.
The solid lines represent the predicted probabilities of frequency of marijuana use conditional on membership in one of the marijuana trajectory groups, while the dotted lines represent the actual
frequency of marijuana use given group membership. The y-axis represents the conditional probabilities of frequency of marijuana use, while the x-axis represents the years of follow-up
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CHAPTER 5
CUMULATIVE MARIJUANA USE AND COGNTIVE CHANGE OVER 17-YEARS
Marijuana use is common among HIV-positive individuals in the United States,
with some studies reporting that 14% to 56% of PLWH to have used marijuana in the
past six months (Bruce et al., 2013; DʼSouza et al., 2012; Furler et al., 2004; MD, 2001;
Mimiaga et al., 2013; Pence et al., 2008; Prentiss et al., 2004; Ware et al., 2003). In
addition, recent data among HIV-positive women found that daily use among users
increased significantly by more than 2-folds in recent years (DʼSouza et al., 2012). HIVpositive individuals who use marijuana have touted its use to provide therapeutic
benefits for a wide variety of symptoms including relief from pain, nausea, reduced
appetite and improved mood many (Corless et al., 2009; DʼSouza et al., 2012; Furler et
al., 2004). Most of these reports have been self-report and there is limited empirical
data on the efficacy and safety of its use among HIV-positive individuals (Lutge et al.,
2013). The current climate of increased permissiveness of marijuana use in the general
United States population (Gallup, 2013) and evolving state legislations allowing
recreational and medical marijuana use may have important public health and clinical
consequences. These laws may increase access to and further increase rates of use
among PLWH as most medical marijuana laws list HIV/AIDS as a qualifying condition
for medical marijuana (Wilkinson et al., 2016). However, marijuana use has been
associated with adverse health consequences, including neurocognitive impairment –
which HIV-positive individuals are particularly vulnerable to (Robert K Heaton et al.,
2011).
There is evidence that marijuana use may be associated with impaired cognitive
function particularly in domains of learning and memory among HIV-uninfected samples
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(Igor Grant, Gonzalez, Carey, Natarajan, & Wolfson, 2003; Ranganathan & D’Souza,
2006). Data on the impact of marijuana use on other cognitive domains including
psychomotor speed, executive function and motor skills have been less conclusive
(Crane et al., 2013; Crean et al., 2011; Gonzalez, 2007). HIV-positive individuals are
vulnerable to cognitive impairments via direct effects of the virus, comorbid conditions
associated with HIV (e.g. hepatitis C infection), antiretroviral therapy, and other factors
(e.g. metabolic, cardiovascular factors and ageing) (Clifford & Ances, 2013; Gannon et
al., 2011; Sanmarti et al., 2014). Recent data estimates that 31% of HIV-positive
individuals experience cognitive impairments in the current HAART era (Sacktor et al.,
2016). The most common cognitive disturbances observed among HIV-positive
individuals in the HAART era are in learning/memory and executive functions (Cysique
et al., 2004; Robert K Heaton et al., 2011). Impairments in these domains overlap with
the impairments seen among marijuana users. Thus it is plausible that HIV-positive
individuals who use marijuana to experience increased burden of these cognitive
impairments.
Data on the effect of marijuana use among HIV-positive individuals is scarce.
Two studies have found significant adverse marijuana by HIV interactive effect. Cristiani
et al. (2004) found symptomatic HIV-positive individuals who used marijuana frequently
perform worse than controls on measures of delayed memory (Cristiani et al., 2004). In
another study, HIV-positive individuals with moderate to heavy marijuana use performed
significantly worse on learning and memory tasks than other comparison groups
(Thames et al., 2015). However, two other studies found no significant marijuana by HIV
interaction on tasks of procedural learning or complex motor skills (Gonzalez et al.,
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2011) or in other cognitive domains (Chang et al., 2006), although there was evidence
of additive negative effects on complex motor skills in the study by Gonzalez et al.
(2011) (Gonzalez et al., 2011).
The discrepant findings from the aforementioned studies may be due to a host of
factors including their cross-sectional designs, small sample sizes, differences in the
sociodemographic and clinical profiles of the samples studied, differences in the
neuropsychological tests used and lack of control of other factors associated with
marijuana and cognitive function. In addition, among the studies finding negative effects
of marijuana use on cognitive function, it is unclear whether the cognitive impairments
are a consequence of marijuana use or its cause. With cross sectional designs it is
difficult to discern their temporality. One of the frequently debated questions regarding
marijuana use is whether long-term heavy use is associated with persistent cognitive
impairments. This question is of particularly importance for HIV-positive individuals as
marijuana use may be chronic and heavy when using to manage symptoms of a lifelong
illness.
The MACS is an ongoing prospective cohort study of MSM living with or at-risk
for HIV infection. The MACS has continuously collected data on marijuana use since its
inception, assessed neuropsychological measurements for nearly 27 years, and
provides an ideal opportunity to assess the long-term impact of marijuana use on
cognition. The aim of this study was to determine effects of cumulative years of
exposure to marijuana use and longitudinal changes in cognitive performance in HIVpositive and HIV-negative MSM. It was hypothesized that greater cumulative years of
exposure to marijuana use will be associated with worse cognitive performance.
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Methods
The Multicenter AIDS Cohort Study (MACS)
The MACS is an ongoing prospective cohort study of the natural and treated
history of HIV infection among MSM in the United States. 6,972 men were enrolled
during the history of the project in three waves: 4,954 men in 1984-1985, 668 in 19871991, and 1350 in 2001-2003 and at 4 centers located in Baltimore/Washington DC,
Chicago, Los Angeles, and Pittsburgh. The study design of the MACS has been
described previously (Roger Detels et al., 1992; Dudley et al., 1995; Kaslow et al.,
1987) and only the design relevant to the present analysis are described here. The
study questionnaires used in the MACS are available at
www.statepi.jhsph.edu/macs/forms.html. The institutional review boards at the
respective recruitment centers and their community affiliates approved the MACS study
protocols and all participants provided informed consent.
Subjects
MACS participants return every 6 months for physical examinations, HIV testing
laboratory testing, structured clinical interviews, collection of alcohol, smoking and other
substance use and neuropsychological testing. Figure 5-1 displays the flow of
participants included in the current study. Of the larger MACS cohort, 5,712 of the men
completed at least one visit with cognitive function measurements. Only those HIVpositive participants who had initiated HAART were included in this study. Of the 2,463
HIV-positive men eligible for the analysis, 1,121 who did not initiate HAART were
excluded. The date of HAART initiation is considered to be the midpoint between the
last visit reporting no HAART use (last no HAART) and the first visit at which HAART
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use was reported (first HAART). HIV-negative participants were selected among those
seen on or after MACS semiannual visit 25 (data collection starting April 1, 1996 to
September 30, 1996). For both HIV-positive and HIV men, only those with at least two
or more visit with cognitive function measures were included. 407 of the men were
further excluded because they reported: (1) history of learning disability (2) stroke (3)
nerve disorders/brain neoplasms (4) seizures (5) multiple sclerosis and (6) head injury
with loss of consciousness greater than 1-hour.
Those included in the study (N=1982) and those excluded (n=407) had similar
rates of current marijuana use (31% versus 29%; p=.8034) and median cumulative
marijuana use-years (median= 0.01 vs. 0.01; p=.4080) at baseline (see Table 5-9).
However, at baseline, the men who were included in the study were more likely to
complete a college degree or more (80% vs. 68%; p<.0001), less likely to endorse
having depressive symptoms on the CES-D (28% vs. 38%; p<.0001), more likely to
report any alcohol use (86% vs. 77%; p=.0003), had lower rates of smoking (71% vs.
76%--current and former smoking; p=.0421), lower median cumulative pack-years of
smoking (2.1 vs. 4.7; p=.0096), less likely to be HCV positive (8% vs. 12%; p=<.0001)
and had higher median CD4 nadir cell count (281 vs. 242; p=.0024; Table 5-9).
Primary Predictor: Marijuana Exposure
The MACS questionnaires assessed marijuana use at each MACS semiannual
visit with the following question “Have you used any pot, marijuana or hash since your
last visit? Participants who responded ‘No’ to this question were classified as non-users.
Among those who responded ‘yes’, frequency of use was asked with the following
question “How often did you use pot, marijuana or hash since your last visit?” with the
following response options: “daily”; “weekly”; “monthly” and “less often”. Participant’s
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frequency of marijuana use at each study visit was used to compute cumulative
exposure to marijuana use – while in the MACS study – in marijuana use-years.
Using the frequency of marijuana use response, I estimated the average number
of days using marijuana since their last visit (typically approximately six-months) by
assigning weights to each frequency measure. For instance, if an individual used daily
during the last six months, I calculated his average number of days using marijuana as
30.5 days multiplied by 6 months. Thus, it was estimated that this individual used
marijuana 182 days in the past six months. Specifically, the weights assigned to each
frequency of use category are as follows: daily use, weight=30.5; weekly use=4.36;
monthly use, weight=1; less often, weight=0.33, and none-use, weight=0. Cumulative
exposure to marijuana use was estimated by adding the total number of days using
marijuana during follow-up until their last study visit and divided by 365 (days). Thus,
one marijuana use-year is equivalent to using marijuana every day for 1 year. I
computed the marijuana use-year more fully, by carrying forward or backward, data on
marijuana use depending on the nearest visit with data.
Outcome: Neuropsychological Evaluation
The MACS began assessment of neuropsychological test performance in 1988
with the goal of characterizing the pattern and severity of neuropsychological deficits
among HIV-positive individuals. The MACS protocol administered a comprehensive
neuropsychological exam to both HIV-negative and HIV-positive participants.
The Trail Making Tests (TMT) (Reitan, 1992) Part A (TMT-A) measures
psychomotor speed, whereas the TMT-Part B (TMT-B) evaluates both psychomotor
speed and executive function. In the TMT-A, 25 circles numbered 1 – 25 are distributed
randomly over a sheet of paper. The respondent is required to connect the numbers in
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ascending order (i.e. 1-2-3, etc.) by making pencil lines without lifting the pencil from the
piece of paper as quickly as possible. In the TMT-B, the circles include numbers and
letters randomly distributed over the sheet of paper includes circled letters. Test
administrators instruct the participant to draw lines to connect the circled numbers and
letters in an alternating numeric and alphabetic sequence (i.e. 1-A, 2-B, 3-C). Scoring is
determined as the time in seconds required for completing the connections of the
circles. Errors affect the respondents score in that the correction of errors is included in
the completion time of the task. In the TMT-A and TMT-B higher scores indicate worse
performance.
The Symbol Digits Modalities Tests (SDMT) (Smith, 1982) requires elements
of attention, visuoperceptual processing, working memory and psychomotor speed. In
the SDMT, test administrator presents participants a coding key on a sheet of paper
consisting of nine abstract symbols, each paired with a number. Following a series of
black boxes, located below the abstract symbols the participants is required to scan the
key and write down the number corresponding to each of the abstract symbol as quickly
as possible. The nine symbols are in a random number sequence. Scoring is
determined as the number of correct paired abstract symbols and numbers over a
period of 90 seconds. In the SDMT, higher scores indicate better performance.
The Rey Auditory Verbal Learning Test (RAVLT) evaluates verbal learning
and memory. The test administrator reads aloud to the participants 15 nouns (List A)
and the participant is required to repeat back as many words as they can remember
from the list. Five consecutive trials are conducted each followed by the participant’s
free recall. The sixth trial requires the participant to recall (Immediate Recall) words

95

from List A without further presentation of the words. After a 20-minute delay period, the
participant is required to recall words from list A (Delayed Recall). The score for each
trial is the number of words recalled. The score from the delayed recall was used in the
primary analysis.
Covariates
Sociodemographic Characteristics. Participant’s age at each visit was
calculated from their self-reported date of birth. Participants self-reported their
race/ethnicity status at their baseline visit and were categorized as non-Hispanic, white,
non-Hispanic Black and other. The baseline visit (or index visit) was used to define a
categorical variable for educational attainment (High school diploma or less, some
college or college degree, Graduate work or more) and employment (employed,
unemployed). Participants were classified according to the MACS study center and
whether they were enrolled prior to or after 2001.
Depressive symptoms. The Center for Epidemiologic Studies Depression
(CES-D) scale, was used to measure clinically significant symptoms of depression
(Radloff, 1977). The CESD includes components of depressed mood, feelings of
worthlessness, sense of hopelessness, sleep disturbance, loss of appetite, and
concentration difficulties. Scores on the CES-D of 16 or more suggests a clinically
significant level of psychological distress (Radloff, 1977).
Alcohol Exposure. The typical number of alcoholic drinks per week consumed
by each participant was computed by multiplying participants’ self-reported average
number of drinking-days per week by the average number of drinks per drinking-day
(range: 0-84 drinks/week). A drink was defined as one 12-ounce beer (~355 mL), one 45-ounce glass of wine (~120-150 mL), or one mixed drink with 1.5 ounces (~44 mL) of
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80-proof hard liquor. The few (<1%) reporting 10 or more drinks per drinking-day were
classified as 12 drinks. Using this data on average number of alcoholic drinks per week
since last study visit, I computed cumulative alcohol consumption by adding up the total
number of drinks reported during follow-up.
Cigarette Exposure. The MACS protocols asked all participants the following
question: “Have you ever smoked cigarettes”? and “Do you smoke cigarettes now (As of
one month ago)”? The latter question was used to assess current smoking. The MACS
protocols queried for quantity of cigarettes smoked among current smokers, with the
following question: “How many packs do you usually smoke per day”? Using these data
cumulative exposure to cigarettes was computed and defined in pack-years, with 1pack-year of exposure equivalent to 7300 cigarettes (1 year x 365days/year x 1
pack/day x 20 cigarettes/pack) (Akhtar-Khaleel et al., 2015).
Illicit Drug Exposure. The MACS questionnaires asked participants the
frequency of use of poppers (inhaled nitrites) and cocaine (crack or any form of cocaine)
using similar response options as in marijuana use. Similar to marijuana use-year, I
calculated cumulative exposure to poppers and cocaine in use-years.
Clinical Factors. The MACS protocols assessed HIV-serostatus using enzymelinked immunosorbent assay with confirmatory Western blot tests on all MACS
participants at each participant’s initial visit and at every semiannual visit for participants
who were initially HIV-negative. Standardized flow cytometry was used to quantify CD4+
T-lymphocyte subset levels by each MACS site (Giorgi et al., 1990) and categorized as
≤ 200/mm3, 201-500/mm3, and > 500/mm3. Levels of plasma HIV RNA were measured
using either the standard reverse transcription-polymerase chain reaction assay (Roche
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Nutley, NJ) or with the Roche ultrasensitive assay (Roche Diagnostics. Standardized
viral load measures (across different assays) was used to create a dichotomous
variable to denote detectable (> 200 copies per mL) versus undetectable. HCV infection
status was dichotomized as HCV negative if HCV antibody testing was negative.
Participants were classified at each MACS semiannual visit as HCV positive if they were
found to be in the process of seroconversion, acute infection, chronic infection, clearing
(between RNA+ and RNA-), or previously HCV positive, but now clear of HCV RNA.
At each visit, the HIV-positive men were asked about their ART medications and
adherence. The MACS protocols classified ART medications as NRTI, PIs, and nonNRTI. I calculated cumulative use of each class of ART based on the number of ART
medications reported in each classification and weighted for self-reported adherence.
The weights were 1, 0.975, 0.85, 0.375, 0 for adherence levels of 100%, 95-99%, 7594%. The approach multiplied the number of ART medications at each study visit by the
adherence levels and the weighted values then cumulated. Questions to ascertain
adherence to ART was incorporated into the MACS semiannual visit 30 (data collection
staring in October 1, 1998 – March 31, 1998) and thus adherence prior to October 1998
was assumed to be 100%.
Data Analysis
Data analysis was performed from October 1, 1996, to September 30, 2013.
Characteristics of the sample at baseline stratified by HIV-serostatus and marijuana use
was described using chi-square tests for categorical variable and t tests for continuous
variables. The exposure variable (marijuana use-years) was represented as a
cumulative continuous exposure measurement over time. To test potential nonlinear
associations, the cumulative marijuana exposure variables was modeled as flexible
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restricted cubic splines in adjusted models in order to allow the associations with
cognitive measures to take different shapes at lower vs. higher levels of exposure.
Separate mixed-effects linear regression models was used to estimate associations
between cumulative exposure to marijuana (in use-years) and changes in the 4
measures of cognitive function over time. Figure 5-2 displays a schema for the analysis
of cumulative marijuana exposure and cognitive function measure over time. The
models included random effects for intercepts and slopes to account for within-person
correlations of cognitive measures over time and to allow for participant specific rates of
cognitive change. Cognitive measures were included until death, loss to follow-up or
end of the follow-up. Inverse probabilities of attrition weights (IPAW) were calculated to
address the propensity for selective attrition (see Appendix for description of the
approach for IPAW). Models were fit using maximum likelihood estimation and all
models assumed an unstructured variance-covariance structure. Residual plots from the
mixed models were examined to check for normality of the distributed errors with
constant variance.
These mixed-effects linear regression models estimated slopes or the
incremental difference in cognitive performance observed with 1 unit of additional
marijuana use-year of exposure while adjusting for participant factors. Because the
outcome scores were expressed as Z-scores, the model coefficients indicate
incremental standardized units associated with additional units of marijuana use-year.
For example a model coefficient of -0.20 can be interpreted as each additional 1-unit of
marijuana exposure is associated with 0.20 lower standardized units in cognitive
measures on over time.
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The number of years since baseline was used as the time metric. Analyses were
conducted separately by HIV serostatus and in order to minimize complexities of the
models; HIV by cumulative marijuana exposure interactions was not estimated. Model A
included a variable adjusting for practice effects (number of times participants were
exposed to each neuropsychological test) and baseline cognitive scores, age (flexibly
modeled via 3-knot cubic splines), race, education, MACS study center, enrollment
cohort and IPAW. Model B included the variables from model A and added potential
confounders in the association between marijuana use and cognitive performance
including: cumulative alcohol, smoking, stimulants and poppers exposure, history of
IDU, depressive symptoms, HCV infection, hypertension and current marijuana use (at
each visit). Models for HIV-positive participants were additionally adjusted for
cumulative exposure to HAART and CD4+ nadir. All statistical analyses were performed
in SAS version 9.4 (SAS Institute Inc., Cary, North Carolina, USA). Statistical tests for
significance were two-tailed and P<.05 was considered statistically significant.
Results
Sample Characteristics
Participants were 1,982 men, with 817 (41%) HIV-positive and 1165 (59%) HIVnegative (Table 5-1). Mean age of the sample at baseline was 43 years [(standard
deviation (SD) =9.9], and majority were non-Hispanic whites (61%), and completed
some college or more (80%). At baseline, 76% reported any alcohol use; 71% reported
ever smoking (31% former smokers and 40% current smokers), 16% reported stimulant
and 24% reported popper use. At baseline, prevalence of marijuana use was 55%.
Compared to the HIV-negative participants in the sample, the HIV-positive men were
more likely to be racial minorities (non-Hispanic blacks and others), more likely to be
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enrolled post-2001, reported more depressive symptoms (CES-D>16), were more likely
to report ever smoking (former and current smoking), more likely to report stimulant use
and to be HCV positive. In contrast, the HIV-positive men were significantly less likely to
report alcohol use and high blood pressure (Table 5-1). Also, compared to non-users,
marijuana users in the sample were significantly younger, less educated, more likely to
be racial minorities, reported more depressive symptoms, more likely to report ever
smoking cigarettes, alcohol and other illicit drug use (poppers and stimulants).
Cumulative Marijuana Exposure and Changes in Cognitive Performance
In both initial (Model A; Table 5-2) and fully adjusted models cumulative
exposure to marijuana (in use-years) was not associated with performance on all 3
measures of cognitive performance among HIV-positive participants; with pointestimates of the coefficients indicating better performance with additional exposure to
marijuana. For instance, for the Trail Making Tests Parts A and B, each additional 5years of exposure to marijuana was associated with .16 and .07 higher standardized
units respectively. In contrast each additional 5-years of exposure to marijuana use was
associated with a .10 lower standardized units on the Symbol Digit test.
Among the HIV-positive participants, initial models (Model A; Table 5-2)
demonstrated that each additional 5-years of exposure to marijuana use was associated
with .224 and .268 higher standardized units on the Trail Making Tests – Part A and
Symbol Digits Test. However, in fully adjusted models, the association remained
significant with each additional 5-years of exposure to marijuana use was associated
with .245 higher standardized units (95% CI, .013 to .477; P=.038) in the Symbol Digits
Test.
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In both the HIV-positive and HIV-negative men, there was no association
between cumulative exposure to marijuana and RAVLT performance; although the
coefficients demonstrated worse performance with each additional 5-year exposure to
marijuana use. Figures 5-3 to 5-7 displays the predicted z scores for each cognitive
function measure by cumulative exposure to marijuana in use-year by HIV status.
Discussion
In this 17-year study of cumulative exposure to marijuana and changes in
cognitive function measures, found no significant associations of cumulative exposure
to marijuana with processing speed, executive functions and verbal memory among the
HIV-positive men. Among the HIV-negative men, the study found significant
associations with increasing exposure to marijuana and improved performance on one
measure of processing speed, but no significant associations with the other cognitive
measures of processing speed as well as executive functions and verbal memory.
Reports of marijuana exposure and cognitive function among HIV-positive adults
have been few and have produced seemingly conflicting results (Chang et al., 2006;
Cristiani et al., 2004; Gonzalez et al., 2011; Thames et al., 2015). Our results are in
contrast studies reporting significant association between worse verbal learning and
memory and weekly marijuana use for over a period of a year (Cristiani et al., 2004;
Thames et al., 2015). Also, another study reported worse executive functions with
weekly marijuana use (Thames et al., 2013), whereas, others find no associations on
other cognitive ability domains (Chang et al., 2006; Cristiani et al., 2004; Gonzalez et
al., 2011). Many of these studies have been limited by their small sample sizes, cross
sectional designs and most did not did not evaluate associations of heavy long-term
marijuana exposure and cognitive functions per se.
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Our findings are also in contrast with other research among HIV-uninfected
adults’ marijuana exposure has been associated with worse verbal learning and
memory, executive functions (Auer et al., 2016; Fried et al., 2005; Meier et al., 2012;
Solowij et al., 2002). For instance, in one recent cohort study of 3,385 men and women,
investigators cumulated participant’s exposure to marijuana for 25 years and found
significant dose response associations with worse verbal memory. Specifically, the
investigators found that for every 5-years of marijuana use verbal memory was 0.13
standardized units lower than those with no exposure. The investigators also found no
significant associations of cumulative marijuana exposure with executive function or
processing speed (Auer et al., 2016). However, that study was limited, however, by the
availability of cognitive function measurement at only one-time point in contrast to the
present study that repeated cognitive function measurements for over 17-years. In
another study among 1037 participants in New Zealand followed-up for 38 years found
that persistent regular cannabis use – 4 days per week or more – was associated with
IQ and neuropsychological decline (including declines in executive functions and
processing speed) as compared to those reporting nonregular use who demonstrated
no neuropsychological decline (Meier et al., 2012). Comparison between this study and
the present study is difficult because marijuana exposure was defined by cannabis
dependence following the Diagnostic and Statistical Manual of Mental Disorders (DSM).
Marijuana exposure might affect cognition via the actions of THC on CB1
receptor sites predominantly located in specific brain regions including hippocampus,
cerebellum, basal ganglia, substantia nigra and globus pallidus (Herkenham et al.,
1990; Westlake, Howlett, Bonner, Matsuda, & Herkenham, 1994). These brain regions
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are thought to be involved in cognitive functions, including learning/memory, motor
functions as well as attention and working memory. Thus, activation of CB1 receptors in
these regions may produce cognitive effects associated with marijuana use.
Alternatively, long-term exposure to marijuana use may be associated with
morphological and functional changes in these brain regions. Some studies have
demonstrated smaller grey matter volume in the parahippocampal gyrus (Matochik,
Eldreth, Cadet, & Bolla, 2005), reduced hippocampal and amygdala volumes in longterm heavy marijuana users (Yücel et al., 2008). Others have found reduced regional
blood volumes in cerebellum among long-term marijuana use compared to controls
(Sneider et al., 2006). This study found consistently worse cognitive function in the
verbal memory task in both the HIV-positive and HIV-negative men, although these
associations were not significant. It is possible that the fewer cognitive functions
measures for the RAVLT might in-part explain the lack of significant associations.
The association between increasing exposure to marijuana and better
performance on the Symbol Digit Test among the HIV-negative men was unexpected,
although there is a substantial body of literature documenting neuroprotective effects of
cannabinoids in Alzheimer’s disease (Eubanks et al., 2006; Ramírez, Blázquez, Gómez
del Pulgar, Guzmán, & de Ceballos, 2005). The mechanism by which marijuana may be
neuroprotective is unclear, but might be explained by the immunomodulatory and antiinflammatory properties of cannabinoid receptor 2 agonists – particularly cannabidiol
and cannabinol (Rom & Persidsky, 2013; Sánchez & García-Merino, 2012). Whether
CB2 expression and these cannabinoids have potential neuroprotective benefits merits
further investigation.
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The present study has expanded our knowledge of the associations between
cumulative marijuana exposure and cognitive functions in large cohort of HIV-positive
and HIV-negative men for 17-years of follow-up with repeated neuropsychological
testing has not been examined previously. The relatively wide confidence intervals
around the coefficient estimates might indicate the less precise nature of the marijuana
exposure variable. Future investigations might collect more precise measures of
marijuana that potentially capture the cannabinoid constituents in the marijuana.
Our study has some limitations which are noteworthy when interpreting our
findings. The cumulative marijuana exposure variable was computed prospectively via
self-report and there was no laboratory test conducted to validate the self-reported
marijuana use. Second is that cumulative marijuana exposure variable was cumulated
beginning from the time participants enrolled in the MACS and thus this study was not
able to account for past exposures prior to enrollment in the MACS. This is nontrivial as
the majority of MACS participants enrolled in the study when they were in their midlife
when use of marijuana may be on the decline. This study was also not able to capture
participant’s age of first exposure to marijuana. Studies have previously demonstrated
that early initiation of marijuana use or early adolescents use may confer profound
effects on cognition – via its effect on the developing adolescent brain (Jager &
Ramsey, 2008; Lisdahl, Gilbart, Wright, & Shollenbarger, 2013; Lisdahl, Wright, MedinaKirchner, Maple, & Shollenbarger, 2014). The study did not distinguish whether
marijuana use was recreational or medicinal. This is critical given that the CBD in
marijuana has been associated with therapeutic effects including neuroprotection. Thus
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variability in the THC/CBD ratio of the marijuana consumed within individuals may
confer differential effects on cognition.
Furthermore, It is possible that repeated cognitive function measurements and
test familiarity may have underestimated the true rate of cognitive decline and thus may
explain the small effects in the current study (Atkinson et al., 2010), although the study
adjusted for this in all models by including the number of times a participant was
exposed to the particular test. In addition, the average level of education in this study is
may be higher than that of the HIV infected population in general. Higher levels of
education has been associated with increased cognitive reserve (Satz, 1993). Majority
of the participants included in the current study were non-Hispanic white MSM. Taken
this together, our study may be less generalizable to other HIV populations (e.g.
women). Finally, the study did not assess the effects of cumulative marijuana exposure
with other cognitive domains due to the fewer neuropsychological assessments and
data available for these domains. It is possible that significant effects of marijuana
exposure on these other cognitive domains – especially in the learning and memory
domains will have emerged if more data were available.
Conclusions
In the sample of HIV-positive and HIV-negative men; there were no statistically
significant associations between cumulative exposure to marijuana for over 17- years
and adverse changes in cognitive function measurements in processing speeds,
executive functions and verbal memory. The present analysis is among the first to
analyze data from repeated cognitive assessments over an extended period of time to
examine changes in performance with cumulative exposure to marijuana. The findings
are not definitive evidence that long-term heavy marijuana exposure is not associated
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with worse cognitive. Additional, investigations into whether different strains of
marijuana and or THC/CBD ratio may be associated with differential cognitive effects
need clarification.
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5,712 men with at least one
cognitive function measurement
526 Excluded
-Seroconverts

2,723 HIV-negative Men

2,463 HIV-positive men

1646 Excluded
1,121 –Did not initiate HAART
285 – Had < 2 cognitive measurements
240 – History of
-Learning disorder
-Stroke
-Seizures
-Nerve disorder
-Multiple Sclerosis
-Head injury w/LOC GT 1hr

1558 Excluded
1,235 –Not seen at MACS visit 25
156 – Had < 2 cognitive measurements
167 – History of
-Learning disorder
-Stroke
-Seizures
-Nerve disorder
-Multiple Sclerosis
-Head injury w/LOC GT 1hr

1165 HIV-negative
men included in the
analysis

817 HIV-positive
men included in the
analysis

Figure 5-1. Flow chart of MACS
participants included in the study

Note -MACS indicates Multicenter AIDS Cohort Study, Seroconverts indicates HIV-negative men who become HIV-positive
during follow-up, HAART indicates Highly Active Antiretroviral Therapy, LOC indicates Loss of Consciousness
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Primary Predictor: 29-Year Cumulative Marijuana Use

1984

2013

1996

Study period for the 17-year outcome:
Changes in Cognitive Performance

Figure 5-2. Scheme for Exposure and Outcome Definition

109

Table 5-1. Characteristics of MACS Men Included in the Study at Baseline by HIV Status and Marijuana Use
HIV-negative (n=1165)
Marijuana use
All men
Yes
No
Characteristics
(N=1982)
(n=397)
(n=768)
Age, yr. mean, (SD)
43 (9.9)
42 (10.9)
46 (10.2)
Race, n (%)ρ,ᴨ
White, non-Hispanic
1201 (61)
252 (63)
553 (72)
Black, non-Hispanic
513 (26)
100 (25)
146 (19)
Other
268 (14)
45 (11)
69 ( 9 )
Education, n (%) ρ,ᴨ
High school diploma or less
399 (20)
87 (22)
90 (12)
Some college or college degree
988 (50)
202 (51)
374 (49)
Graduate work or more
593 (30)
107 (27)
303 (40)
ρ,ᴨ
Study center, n (%)
Baltimore/Washington DC
497 (25)
91 (23)
225 (29)
Chicago
384 (19)
71 (18)
110 (14)
Pittsburgh
508 (26)
106 (27)
215 (28)
Los Angeles
593 (30)
129 (32)
218 (28)
Study enrollment, n (%) ᴨ
Pre 2001
1065 (54)
231 (58)
522 (68)
Post-2001
917 (46)
166 (42)
246 (32)
ρ,ᴨ
Depressive symptoms n (%)
CESD ≤16
1396 (72)
293 (75)
579 (77)
CESD >16
533 (28)
99 (25)
169 (23)
ρ,ᴨ
Alcohol use, n (%)
None
284 (14)
19 ( 5 )
138 (18)
1 to 3 drinks/wk.
1044 (53)
200 (50)
427 (56)
4 to 13 drinks/wk.
429 (22)
111 (28)
157 (20)
13 or more drinks/wk.
224 (11)
67 (17)
46 ( 6 )
Cumulative drink-years, median (IQR)
2.4 (0.36, 10.5)
3.5 (0.41, 14.0)
2.4 (0.21, 10.9)
ρ,ᴨ
Smoking, n (%)
Never
575 (29)
75 (19)
285 (37)
Former
614 (31)
104 (26)
260 (34)
Current
792 (40)
218 (55)
223 (29)
Cumulative pack-years of smoking, median, (IQR)
2.1 (0, 18.4)
6.2 (0, 22.5)
0
(0, 12.7)
ρ,ᴨ
Stimulants use, n (%)
No
1664 (84)
304 (77)
720 (94)
Yes
317 (16)
93 (23)
48 ( 6 )
Cumulative cocaine use-years, median, (IQR)
0 (0, 0)
0 (0, 0)
0 (0, 0)
ρ
Poppers, n (%)
No
1503 (76)
273 (69)
641 (83)
Yes
478 (24)
124 (31)
127 (17)
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Yes
(n=477)
40 (8.3)

HIV-positive (n=817)
Marijuana use
No
(n=339)
42 (8.4)

234 (49)
165 (35)
78 (16)

161 (48)
102 (30)
76 (22)

122 (26)
264 (55)
91 (19)

100 (30)
147 (43)
82 (27)

98
120
105
154

83
83
82
19

(21)
(25)
(22)
(32)

(25)
(25)
(23)
(27)

204 (43)
273 (57)

107 (32)
232 (68)

300 (64)
168 (36)

239 (74)
86 (26)

37
238
122
80
2.74

(8)
(50)
(26)
(17)
(0.46, 10.0)

93
166
47
33
0.3

(27)
(49)
(14)
(10)
(0.01, 2.78)

99
139
239
5.4

(21)
(29)
(50)
(0, 20.1)

130
67
142
0.52

(38)
(20)
(42)
(0, 14.9)

297 (62)
180 (38)
0 (0, 0.03)

293 (86)
46 (14)
0 (0, 0)

297 (62)
180 (38)

293 (86)
46 (14)

Table 5-1. Continued

Characteristics
Cumulative popper use-years, median, (IQR)
IDU, n (%)
No
Yes
Hepatitis C virus antibody, n (%) ᴨ
Negative
Positive
Diabetes, n (%)
No
Yes
Hypertension, n (%),ᴨ
No
Yes
Detectable viral load (>40 RNA copies/ml), n (%) †
Undetectable
Detectable
CD4+ nadir (cells/per cubic milliliter), median (IQR)†
Current CD4+ count (cells per cubic milliliter)ρ†
< 200
≥ 200 and < 500
> 500
HAART Type†
PI- HAART
NNRTI- HAART (without PI)
Other HAART
Current marijuana use
None
Less often
Monthly
Weekly
Daily
Cumulative marijuana-use years, median, (IQR)

All men
(N=1982)
0
(0, 0.08)

HIV-negative (n=1165)
Marijuana use
Yes
No
(n=397)
(n=768)
0
(0, 0.20)
0
(0, 0.07)

HIV-positive (n=670)
Marijuana use
Yes
No
(n=477)
(n=339)
0.01
(0, 0.15)
0
(0, 0)

1737 (88)
245 (12)

349 (88)
48 (12)

720 (94)
48 ( 6 )

378 (79)
99 (21)

289 (85)
50 (15)

1346 (92)
113 ( 8 )

230 (96)
9
(4)

517 (97)
17 ( 3 )

330 (86)
52 (14)

157 (88)
22 (12)

919 (89)
113 (11)

163 (92)
14 ( 8 )

323 (89)
38 (11)

215 (85)
37 (15)

169 (91)
17 ( 9 )

1337 (70)
579 (30)

271 (71)
111 (29)

509 (67)
247 (33)

344 (74)
120 (26)

225 (69)
99 (31)

289 (51)
272 (49)
281 (157, 412)

----

----

193 (51)
182 (49)
283 (163, 406)

85 (49)
90 (51)
279 (153, 416)

344 (42)
238 (29)
235 (29)

----

----

144 (30)
162 (34)
171 (36)

200 (59)
76 (22)
63 (19)

432 (55)
307 (39)
53 ( 7 )

----

----

257 (55)
182 (39)
25 ( 5 )

175 (54)
124 (38)
28 ( 8 )

888 (45)
608 (31)
93 ( 5 )
106 ( 6 )
286 ( 7 )
0.01 (0, 0.35)

--

-----0 (0, 0.02)

-----0.24 (0.01, 1.02)

-101
36
52
63
0

194 (49)
45 (11)
95 (24)
63 (16)
0.17 (0.02, 1.32)

Note – IQR=Interquartile range; SD=Standard deviation; CESD= Center for Epidemiological Depression Scale; wk. =week; IDU=Intravenous Drug Use;
+
†Among HIV+ participants; Detectable viral load defined as >40 RNA copies/ml; CD4 nadir=Lowest CD4 count while on MACS study;
HAART = Highly active antiretroviral therapy; PI=Protease inhibitors; NNRTI=Non-nucleoside reverse transcriptase inhibitors;
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(40)
(14)
(21)
(25)
(0, 0)

Table 5-2. Association between cumulative exposure to marijuana usea and changes in cognitive performance among HIV-Positive and HIV-Negative Participants: MACS 1996 to 2013
HIV-positive (N=817)
HIV-negative (N=1165)
Variable
Model 1b
Model 2c
Model 1b
Model 2c
Trail Making Test Part A
Coefficient (95% CI)
P Value Coefficient (95% CI) P Value
Coefficient (95% CI) P Value Coefficient (95% CI) P Value
Time, per 1 yr.
.008 (-.000 to .017)
.059
.004 (-.007 to .017)
.440
.025 (.020 to .030)
<.0001
.028 (.022 to .033)
<.0001
Age, per 5 yr.
.031 (-.004 to .067)
.083
-.008 (-.048 to .031)
.683
-.037 (-.065 to -.009)
.007
-.034 (-.063 to -.005)
.018
Baseline cognitive score per 1-point
.719 (.683 to .755)
<.0001
.657 (.617 to .696)
<.0001
.706 (.675 to .737)
<.0001
.702 (.670 to .733)
<.0001
f
For every 5-marijuana use yr.
.225 (-031 to .483)
.085
. 164 (-.140 to .470)
.290
.224 (.009 to .438)
.040
.223 (-.012 to .460)
.063
Test of nonlinearity
.046
.041
Intercept
-.612 (-.916 to -.308)
<.0001
-.393 (-.785 to -.000)
.050
.024 (-.229 to .277)
.852
-.070 (-.332 to .191)
.598
Log likelihood
19756.9
17110.3
30044.2
28344.3
Trail Making Test Part B
Time, per 1-yr.
.009 (.000 to .017)
.029
.004 (-.006 to .015)
.469
.019 (.015 to .024)
<.0001
.020 (.015 to .025)
<.0001
Age, per 5 yr.
.014 (-.016 to .046)
.357
-.005 (-.041 to .030)
.768
-.044 (-.069 to -.019)
.000
-.041 (-.067 to -.016)
.001
Baseline cognitive score per 1-point
.742 (.707 to .777)
<.0001
.682 (.643 to .720)
<.0001
.717 (.687 to .748)
<.0001
.716 (.686 to .746)
<.0001
For every 5-marijuana use yr.f
.156 (-.074 to .387)
.184
.074 (-.203 to .351)
.600
.143 (-.047 to .333)
.140
.160 (-.049 to .369)
.160
Test of nonlinearity
.058
.138
Intercept
-.571 (-.844 to -.299)
<.0001
-.660 (-1.01 to -.302)
.000
-.019 (-.246 to .208)
.867
-.100 (-.335 to .133)
.400
Log likelihood
16850.4
14919.4
25329.5
23849.4
Symbol Digit ModalityTest
Time, per 1-yr.
.005 (-.003 to .013)
.211
.007 (-.004 to .018)
.222
.013 (.008 to .019)
<.0001
.016 (.010 to .022)
<.0001
Age, per 5 yr.
.004 (-.030 to .040)
.796
-.006 (-.044 to .032)
.758
-.038 (-.068 to -.009)
.009
-.040 (-.070 to -010)
.009
Baseline cognitive score per 1-point
.636 (.597 to .675)
<.0001
.621 (.579 to .664)
<.0001
.646 (.612 to .680)
<.0001
.643 (.609 to .677)
<.0001
For every 5-marijuana use yr.f
-.049 (-.286 to .188)
.6848
-.109 (-.390 to .172)
.448
.268 (.056 to .480)
.013
.245 (.013 to .477)
.038
Test of nonlinearity
.089
.013
Intercept
-.427 (-.731 to -.123)
.006
-.421 (-.809 to -.032)
.033
.091 (-.180 to .364)
.508
Log likelihood
15099.6
13208.6
22835.1
21718.4
Rey Auditory Verbal Learning Test
Time, per 1-yr.
.005 (-.004 to .016)
.272
.003 (-.011 to .019)
.629
.014 (.007 to .020)
<.0001
.012 (.004 to .019)
.001
Age, per 5 yr.
-.052 (-107 to .001)
.056
-.062 (-.125 to .001)
.056
-.049 (-.089 to -.010)
.014
-.031 (-.072 to .008)
.774
Baseline cognitive score per 1-point
.654 (.609 to .699)
<.0001
.608 (.559 to .657)
<.0001
.621 (.587 to .655)
<.0001
.621 (.586 to .656)
<.0001
For every 5-marijuana use yr.f
-.269 (-.668 to .129)
.185
-.255 (-.752 to .242)
.315
-.136 (-.436 to .162)
.371
-.049 (-.389 to .290)
.774
Test of nonlinearity
.089
.371
Intercept
.067 (-.394 to .529)
.775
.087 (-.516 to .691)
.777
-.017 (-.367 to .333)
.9230
Log likelihood
7013.9
6006.6
9278.8
8771.9
a

Note – Time (in years) since baseline was the metric for time and the cognitive z-scores was modeled via linear mixed effects models. Models included both fixed and random effects of time Cumulative exposure to marijuana expressed as
b
marijuana use-year, with 1-marijuana use-year equivalent to using marijuana every day for 1-year. The coefficients are for slopes and reflect the incremental rate of cognitive performance associated a 5-unit additional exposure to marijuana in
c
use-year, with negative standardized scores indicating worse cognitive performance. Model was adjusted for practice effects (number of times of exposure to cognitive test) and baseline cognitive test performance and includes random
d
e
intercept; Model was adjusted for age (flexibly modeled using a 3-knot age spline), race, education, study center, enrollment cohort and IPAW; Models was adjusted for current marijuana use, cumulative exposures to other substances (e.g.
alcohol, smoking, cocaine and poppers), history of IDU, depressive symptoms and high blood pressure. Models for the HIV-positive men were additionally adjusted for history of AIDS, cumulative years of highly antiretroviral therapy (HAART)
f
use and CD4 nadir for the HIV-positive participants; Cumulative marijuana use analyzed as a continuous variable and flexibly modeled via restricted cubic splines.
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Figure 5-3. Predicted Z scores on the Trail Making Test Part A by HIV Serostatus
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Figure 5-4. Predicted Z scores on the Trail Making Test Part A by HIV Serostatus
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Figure 5-5. Predicted Z scores on the Symbol Digit Test by HIV Serostatus
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Figure 5-6. Predicted Z scores on the Symbol Digit Test HIV-positive
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Figure 5-7. Predicted Z scores on the Symbol Digit Test HIV-negative
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Table 5-3. Baseline Characteristics of MACS Men Included and Excluded from Analyses
Included
(n=1,982)
43 (9.9)

Excluded
(n=407)
43 (10.0)

P Value

Age, mean (SD)
.6883
Race, n (%)
.0967
White, non-Hispanic
1201 (61)
237 (58)
Black, non-Hispanic
513 (26)
121 (30)
Other
268 (14)
49 (12)
Education, n (%)
<.0001
High school diploma or less
399 (20)
129 (32)
Some college or college degree
988 (50)
175 (43)
Graduate work or more
593 (30)
103 (25)
Study center, n (%)
.1186
Baltimore/Washington DC
497 (25)
101 (25)
Chicago
384 (19)
84 (21)
Pittsburgh
508 (26)
102 (25)
Los Angeles
593 (30)
120 (29)
Study enrollment, n (%)
.8262
Pre 2001
1065 (54)
206 (51)
Post-2001
917 (46)
201 (49)
Depressive symptoms (CESD >16), n (%)
<.0001
CESD ≤16
1396 (72)
239 (62)
CESD >16
533 (28)
146 (38)
Alcohol use, n (%)
.0003
None
284 (14)
95 (23)
1 to 3 drinks/wk.
1044 (53)
109 (49)
4 to 13 drinks/wk.
429 (22)
83 (20)
13 or more drinks/wk.
224 (11)
30 ( 7 )
Cumulative drink-years, median (IQR)
2.4 (0.36, 10.5)
1.5 (0.14, 7.99)
.4651
Smoking, n (%)
.0421
Never
575 (29)
98 (24)
Former
614 (31)
109 (27)
Current
792 (40)
200 (49)
Cumulative pack-years of smoking, median, (IQR)
2.1 (0, 18.4)
4.7 (0, 22.5)
.0096
Stimulants use, n (%)
.0614
No
1664 (84)
339 (83)
Yes
317 (16)
68 (17)
Cumulative cocaine use-years, median, (IQR)
0 (0, 0)
0
(0, 0)
.0439
Poppers, n (%)
.4517
No
1503 (76)
326 (80)
Yes
478 (24)
81 (20)
Cumulative popper use-years, median, (IQR)
0
(0, 0.08)
0
(0, 0.08)
.2895
IDU, n (%)
No
1737 (88)
345 (85)
.0002
Yes
245 (12)
62 (15)
Hepatitis C virus antibody positive, n (%)
<.0001
Negative
1346 (92)
225 (88)
Positive
113 ( 8 )
32 (12)
Diabetes, n (%)
.7207
No
919 (89)
159 (90)
Yes
113 (11)
17 (10)
Hypertension, n (%)
.7860
No
1337 (70)
268 (68)
Yes
579 (30)
126 (32)
Detectable viral load (>40 RNA copies/ml), n (%) †
.0262
Undetectable
289 (51)
72 (45)
Detectable
272 (49)
87 (55)
+
CD4 nadir (cells/per cubic milliliter), median (IQR)†
281 (157, 412)
242 (108, 360)
<.0001
+
Current CD4 count (cells per cubic milliliter)†
.2261
< 200
344 (42)
113 (47)
≥ 200 and < 500
238 (29)
71 (30)
> 500
235 (29)
26 (23)
HAART Type†
.0035
PI- HAART
432 (55)
100 (68)
NNRTI- HAART (without PI)
307 (39)
41 (64)
Other HAART
53 ( 7 )
6 (3)
Current marijuana use
.7741
No
888 (45)
238 (62)
Yes
608 (31)
149 (29)
Cumulative marijuana-use years, median, (IQR)
93 ( 5 )
0.01 (0, 0.23)
.0223
Trail Making Tests
Part A
25 (11.1)
27 (11.7)
.0003
Part B
58 (31.1)
67 (40.2)
<.0001
Symbol Digits Test
52 (12.4)
48 (12.1)
<.0001
Note – IQR=Interquartile range; SD=Standard deviation; CESD= Center for Epidemiological Depression Scale;
+
wk. =week; IDU=Intravenous Drug Use;†Among HIV+ participants; Detectable viral load defined as >40 RNA copies/ml; CD4
nadir=Lowest CD4 count while on MACS study; HAART = Highly active antiretroviral therapy; PI=Protease inhibitors; NNRTI=Nonnucleoside reverse transcriptase inhibitors;
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CHAPTER 6
DISCUSSION AND CONCLUSIONS
Summary
The goal of this dissertation project was to increase our understanding and
expand the current literature on marijuana use among HIV-positive individuals by
conducted three studies. The three studies utilized from the Multicenter AIDS Cohort
Study (MACS) – an ongoing prospective cohort study of HIV-positive and HIV-negative
MSM, which provided rich data covering almost three decades. The first study aimed to
understand how the prevalence of marijuana use has evolved over time and determined
important predictors of use. The second study utilized a novel statistical approach to
identify long-term distinct individual patterns of marijuana use, assessed predictors of
the distinct individual patterns of use and determined cofactors that may serve to alter
the patterns of use over time. The final study determined the effects of cumulative
exposure to marijuana and changes in cognitive function measures in three cognitive
domains including; processing speed, executive function and verbal memory. The
following sections will summarize the primary findings from each of these studies, the
public health and clinical importance of the findings, strengths and limitations of the
studies. I close with considerations for future investigations.
Study 1 Trend in the Prevalence and Predictors of Marijuana Use
The objective of this first study was to assess long-term trends in the prevalence
of current and daily marijuana use and determine predictors of use for over 29 years
(1984 to 2013). I hypothesized that prevalence of current marijuana use will decline
over time, but I speculated that daily use would increase. I also expected that racial
minorities (non-Hispanic blacks), MACS centers in states with medical marijuana laws,
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lower educational status, a HIV-positive status, other drug use and depressive
symptoms will be associated with marijuana use in the analysis that included all men.
Further, it was anticipated that among the HIV-positive individuals, clinical factors such
as ART use, CD4+ counts and viral load detectability would be associated with
marijuana use. Study 1 found a decline in current marijuana use and an increase in
daily marijuana use (among users) during the study period. This finding is consistent
with at least one study that assessed long-term trends in marijuana use among HIVpositive women (DʼSouza et al., 2012).The prevalence of marijuana use was
approximately 30% and 25% among the HIV-positive and HIV-negative individuals
respectively. In contrast, daily use (among users) was 35% and 30% among the HIVpositive and HIV-negative individuals respectively at the most recent period (i.e. 2013).
This study found very high rates of marijuana use in the early years of the MACS
study. Specifically, the rates from 1984 through 1988 were 80% and 53% respectively
for the HIV-positive men and 58% and 40% for the HIV-negative men. The reason for
the high rates of marijuana use in these early years is not entirely clear. As proposed by
the minority stress model, men who have sex with men often experience social
pressures/stressors including stigma, discrimination and internalized homophobia after
they disclose their sexual minority status (Meyer, 2003). These stressors may arise from
their heterosexual peers and have been proposed as processes that mediate the
relationship between a sexual-minority status and elevated rates of substance abuse
(McCabe et al., 2009). General attitudes toward lesbian, gay, bisexual and transgender
(LGBT) individuals may indicate the levels of acceptance at a population level. One
recent study examining national trends in public opinion on LGBT rights in the United
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States found that during the mid-1980s to early 1990s Americans reported more
negative attitudes toward LGBT individuals than during recent years (e.g. early 200s to
2012)(Flores, 2014). It is possible that the negative attitudes toward gay men during the
mid-1980s were associated with higher stressors and subsequently higher rates of
substance use than in recent times.
Further, this study also found that the rates of marijuana use were consistently
higher for the HIV-positive men compared to the HIV-negative men. It is possible that
medical use of marijuana among the HIV-positive men may partly explain the higher
rates. In addition, a HIV-positive status may be associated with greater psychosocial
problems (e.g. depression and anxiety) which may be linked to elevated marijuana use
(and other substances) as coping mechanisms (Green & Feinstein, 2012). These
possibilities warrant additional investigation.
As expected, alcohol, smoking, stimulant, and other illicit drug use were
positively associated with marijuana use. Non-Hispanic black racial status was not
consistently associated with marijuana use and depressive symptoms were not
associated with marijuana use. Passage of medical marijuana laws did not appear to be
consistently associated with marijuana use in all models. Further among HIV-positive
individuals, there were some tenuous associations between viral load and CD4 counts;
such that a detectable viral load and lower CD4 counts, was associated with higher
prevalence of marijuana use. These findings are in contrast with one published
longitudinal study among HIV-positive women (DʼSouza et al., 2012). In analysis that
included the full sample, found that passage of medical marijuana laws were associated
to a modest increase in marijuana use. This increase was not observed in analysis that
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was limited to only the HIV-positive individuals. This finding, which was unexpected,
suggests that the passage of medical marijuana laws do not have a differential positive
influence on rates of marijuana use among HIV-positive individuals compared to HIVnegative individuals. However, given that the current analysis was limited to only four
states, this question needs to be re-evaluated in another sample that will include HIVpositive individuals from more states.
Study 2 Long Term Trajectories of Marijuana use
In this study, we focused on describing long-term individual’s patterns of
marijuana use as opposed to describing aggregate data on marijuana use. The principle
of describing individual-pattern of marijuana use is that there is individual variability in
the pattern of a behavior and that this individual variability may explain different etiologic
pathways to substance use careers. The MACS data offered a unique opportunity to
describe for the first time the natural history of marijuana use among a sample of HIVpositive and HIV-negative men. An advanced statistical approach was used to identify
different patterns (or trajectories) in the sample and to determine predictors of
membership in the different trajectories and covariates – measured during the course of
the trajectory – that may serve to alter the course of the trajectory. I speculated that 3 –
6 distinct trajectories of marijuana use would emerge in this sample – based on the
number of trajectories observed in prior studies. I further postulated that
sociodemographic characteristics, psychosocial factors and HIV related clinical factors
would predict trajectory membership and alter the trajectories. Our analysis identified
four trajectories of marijuana use including groups that abstained or used infrequently,
that increased use, decreased use and persistently used heavily over time. The study
found similar trajectories of use among HIV-positive men. One of the most consistent
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predictors of trajectory membership was younger age and a positive HIV status; which
was were associated with membership in all trajectories that reported marijuana use as
compared to the trajectory that abstained.
Among the HIV-positive individuals, the study found that ART use was
associated with increasing the marijuana use among the group that abstained and
detectable viral load was associated with increasing marijuana use in the group that
increased use. The data collection procedures do not allow to us to determine whether
ART use and or having a detectable viral load preceded marijuana use. But this finding
suggests that the association between marijuana use and ART use, adherence and viral
suppression needs further clarification. This study is among the first to demonstrate that
different trajectories of marijuana use exist among a sample of HIV-positive and HIVnegative MSM and that several factors emerged to be associated with the trajectories. It
will be important for additional studies to determine whether these different trajectories –
especially the trajectory of persistent heavy use – are associated with adverse health
outcomes, particularly among HIV-positive individuals.
Study 3 Cumulative Exposures to Marijuana and Cognitive Change
In this study, it was hypothesized that greater cumulative exposure to marijuana
use will be associated with longitudinal changes in cognitive performance. Our study
found few significant effects of cumulative exposure to marijuana use and adverse
changes in cognitive function measures in processing speed, executive functions and
verbal memory in both HIV-positive and HIV-negative samples. Overall, our findings
were unexpected given that prior studies have demonstrated adverse effects of
marijuana use in both HIV-positive (Cristiani et al., 2004; Gonzalez et al., 2011; Thames
et al., 2015) and HIV-negative individuals (Auer et al., 2016; Meier et al., 2012).
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There are several potential explanations for these findings. Under some
conditions THC and other cannabinoids in marijuana may be neuroprotective (Eubanks
et al., 2006; Ramírez et al., 2005). Related to this is that cognitive impairments
associated with marijuana tend to dissipate following abstinence (H G Pope Jr et al.,
2001; Harrison G Pope Jr et al., 2002). Furthermore, it is possible that chronic heavy
marijuana use may be associated with the development of tolerance to the impairing
effects of marijuana on cognitive functions (Johannes G. Ramaekers et al., 2011). The
study also did not collect historical information about participant’s marijuana use prior to
enrolling in the MACS – specifically and most importantly the age at which they first
used marijuana and their cumulative use prior to enrolling in the MACS. Finally, the
preponderance of evidence suggests that the cognitive domains most affected by
marijuana use are in learning, memory, attention and concentration and that the
impairments are generally of small magnitude (Crane et al., 2013; Gonzalez, 2007; Igor
Grant et al., 2003).
The MACS protocol selected the cognitive function measures based on their
sensitivity to detecting HIV-associated neurocognitive disorders (Becker et al., 2014).
However, cognitive function measures correlate moderately with every day cognitive
tasks (Chaytor & Schmitter-Edgecombe, 2003). Other variables including informant
ratings and behavioral observations variables should be considered along with cognitive
function measures. Repeated cognitive function measurements as is the case in the
MACS may be associated with test familiarity and an underestimation of the true rate of
cognitive change. The results from this study are not definitive evidence that long-term
marijuana use is not associated changes in cognitive functions. Our findings need
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replication in other sociodemographic diverse samples (e.g. women, less educated).
The field also needs to understand whether different strains of marijuana and the
THC/CBD ratio of marijuana confer differential cognitive effects. This requires that future
studies consider collecting finer measures of marijuana use than was available for this
study.
Strengths and Limitations
The current project has several strengths. This is the first study to assess and
compared long-term longitudinal trends in prevalence of and risk factors for marijuana
use among HIV-positive and HIV-negative individuals. The second study of this project
is the also the first to describe and compare long-term individual-level trajectories of
marijuana use among HIV-positive and HIV-negative individuals. Study 3 addressed an
important research relevant to HIV-positive individuals who use marijuana; specifically,
whether greater cumulative exposure to marijuana is associated with cognitive changes
which up till now have not been addressed.
However, there are some limitations in the studies included in the current project.
First is that the studies relied on self-reported data for most of the important variables
including marijuana use. These data may be influenced by recall and social desirability
bias although during the later period of the MACS ACASI methods was used to elicit
participant response to drug use. Related to this issue is the less precise measurement
of marijuana used in the studies as the frequency options may not capture other
relevant parameters of use. For instance, quantity of use (e.g. number of times/joints
smoked per day) has been demonstrated to be a stronger predictor of marijuana related
health problems (Walden & Earleywine, 2008; Zeisser et al., 2012). Furthermore, selfreport measures of marijuana use is weakly associated with more objective measures of
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use such as number of joints per gram, price and subjective potency (van der Pol et al.,
2013). In order to advance the field, it is important that more direct biomarkers of
marijuana use are utilized. Second is that our results may be influenced by attrition
either from death or dropouts, although the studies accounted for their effects using
different methods (e.g. IPAW and Multiple Imputations). Thirdly is that the studies were
among men who have sex with men, were predominantly non-Hispanic whites and had
greater level of education than a representative sample of HIV-positive and HIVnegative individuals. It is possible that the results may be different among women living
with HIV and other race/ethnic groups.
Implications for Future Research
Study 1 found tenuous associations between passage of medical marijuana laws
and increased marijuana use. The current study was limited to only four states. Given
that more states are considering passing medical marijuana laws in the November ballot
an indication that the trend for legislations for medical marijuana use will continue.
There is a need further investigations on whether medical marijuana laws influence
increased marijuana use among HIV-positive individuals (including women).
The second study showed that HIV-positive men exhibited distinct individual
patterns of marijuana use over time and several factors were associated with the
different patterns. The study identified a group that declined use over time and a group
that remained heavy users over time. The group that declined use over time without any
apparent intervention represents an interesting finding. Future investigations into other
factors beyond that available in the current study that predict declining use over time
may inform the development of preventive interventions by considering these factors in
intervention designs. With regard to the group that demonstrated persistent heavy use
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over time. There is much to learn about whether this pattern of use is associated with
other HIV clinical outcomes such as engagement in medical care, adherence to
medications and viral suppressions. It will be crucial for the next set of investigations to
distinguish between those who use marijuana for medical versus recreational purposes
and the THC/CBD contents of the marijuana consumed.
The third study did not find statistically significant associations between
cumulative exposure to marijuana use and adverse changes in cognitive function
measures over a 17-year period. However, much was learned from this study and there
remain unanswered questions. The wide confidence intervals around the estimates
suggests less precise estimates of marijuana exposure and further underscores the
need to utilize more objective measures in future research. There is a need for a need
to replicate this study in other samples. A growing amount of research points to sex
differences in the impairing effects of marijuana use on cognitive function and thus data
is needed on the effect of marijuana use on cognitive function among women with HIV.
Other issues that warrant further research include whether different strains and or
THC/CBD have differential effects on the brain and cognition function. Further if
marijuana use is associated with cognitive impairments, does abstinence sufficiently
restore cognitive ability.
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APPENDIX
SELECTIVE ATTRITION
Of the 1,982 participants included in the study at baseline, 1,031 were seen at
MACS visit 60 and had data on outcome measures. Therefore, in order to minimize the
potential for bias due to selective attrition, inverse-probability of attrition weighting
(IPAW) was computed and utilized. In developing the IPAW, a sequence of steps were
followed as previously described (Weuve et al., 2012). First, I constructed models of the
probability of continuation in the study – i.e. remaining alive and not lost to follow-up –
and from these models, predicted probabilities of remaining in the study for wave of
visits contributing to our analysis was computed. Next, these probabilities were used to
compute analytical weights that are the inverse proportion to the probability of remaining
alive and in the study. The intuition behind the weighting approach is that observations
with characteristics associated with lower probabilities of remaining alive and in the
study are assigned higher weights and thus compensating for their underrepresentation
of these types of observations in the analysis. Covariates in the models used to develop
these probabilities were selected based on prior research indicating their strong
association with attrition as well as those hypothesized will influence attrition. These
covariates included: age, race, education, MACS study center, MACS enrollment
cohort, alcohol consumption, smoking, marijuana use, stimulant use at the previous
visit, cognitive performance at the previous visit, depression at the previous visit and
frailty index at the previous visit. The IPAW were included in all models estimated.
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