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A B S T R A C T   

Background: At the start of the COVID-19 pandemic, HIV experts suggested that an increase in mental health 
diagnoses and substance use among people living with HIV (PLHIV) may be an unintended consequence of 
COVID-19 mitigation efforts (e.g., limiting social contact). We evaluated short-term trajectories in binge 
drinking, marijuana, and recreational drug use in a prospective cohort of PLHIV. 
Methods: Data (N = 2121 PLHIV) consist of survey responses on substance use behaviors from two pre-COVID-19 
(October 2018-September 2019) and one COVID-19-era (April 2020-September 2020) timepoints within the 
MACS/WIHS Combined Cohort Study (MWCCS). We conducted group-based trajectory models, triangulated with 
generalized linear mixed models, to assess changes in binge drinking, daily marijuana use, and recreational drug 
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use at the start of the pandemic. Controlling for age and race/ethnicity, we tested whether trajectories differed by 
sex and early-pandemic depressive symptoms, loneliness, and social support. 
Results: Group-based trajectory models yielded two trajectory groups for binge drinking (none vs. any), mari-
juana (none/infrequent vs. daily), and recreational drug use (none vs. any). Binge drinking and recreational drug 
use decreased at the beginning of the pandemic. Generalized linear mixed model supported these trends. 
Consistent with prior research, male sex and having depressive symptoms early pandemic were positively 
associated with each substance use outcomes. Social support was inversely associated with recreational drug use. 
Conclusions: Contrary to hypotheses, problematic substance use behaviors decreased from pre-pandemic to the 
post-pandemic follow-up in our sample of PLHIV. Ongoing surveillance is needed to assess whether this pattern 
persists as the pandemic continues.   

1. Introduction 

Problematic substance use trajectories among people living with HIV 
(PLHIV) during the COVID-19 pandemic are poorly understood (Starks 
et al., 2020; Wang et al., 2021). Addressing this omission is critical for 
several reasons. The onset of the COVID-19 pandemic in the United 
States (March 2020) drastically disrupted people’s daily routines, live-
lihoods, and outlets for social participation (Kumar, 2020). Recom-
mended transmission mitigation strategies, like limiting social contact 
and physical distancing, required people to adapt their personal and 
professional lives to comply with support infection control mandates 
(Rauschenberg et al., 2021). Although critical for mitigating the spread 
of COVID-19, these strategies have also adversely affected the general 
public’s mental health (Diaz-Martinez et al., 2021). Researchers have 
suggested that the social circumstances arising from the COVID-19 
pandemic may have contributed to increases in psychosocial stress (e. 
g., depressive symptoms, loneliness), problematic alcohol and recrea-
tional drug use, and limited access to mental health support, harm 
reduction, and substance use treatment (Carrico et al., 2020; Dia-
z-Martinez et al., 2021; Hochstatter et al., 2021; Karamouzian et al., 
2020; Marziali et al., 2020; Núñez et al., 2021). These predictions 
warrant prioritized attention for PLHIV given this population’s dispro-
portionate vulnerability to adverse outcomes, even in pre-pandemic 
times (Hochstatter et al., 2021; Wang et al., 2021). 

Many studies have investigated problematic alcohol and recreational 
drug use trajectories in PLHIV, particularly in the contexts of stress, 
coping, and sexual risk-taking (Glynn et al., 2019; Mimiaga et al., 2013; 
Moitra et al., 2020; Pence et al., 2008; Rosen et al., 2017; Wardell et al., 
2018). Prior studies have found that problematic alcohol consumption 
and recreational drug use commonly co-occur with other adverse psy-
chosocial conditions, including depressive symptoms, loneliness, and 
inadequate social support (Javanbakht et al., 2020; Mannes et al., 2016; 
Rubtsova et al., 2017; Siconolfi et al., 2013; Valdes et al., 2021). Prob-
lematic alcohol, heavy marijuana, and recreational drug use are linked 
to suboptimal HIV outcomes and quality of life, including sexual 
risk-taking, impaired cognitive function, non-adherence to HIV care 
recommendations, weakened immunity, and premature mortality 
(American Addiction Centers, 2021; Bensley et al., 2018; Brown et al., 
2019; Duko et al., 2019; Millar et al., 2017). Yet, few studies have 
investigated whether problematic alcohol, marijuana, and recreational 
drug use have changed since the COVID-19 pandemic in PLHIV. 

Our study’s objective was to compare the short-term trajectories in 
binge drinking, marijuana, and recreational drug use spanning pre- 
COVID-19 pandemic to early pandemic timepoints among a prospec-
tive cohort of PLHIV. We hypothesized that substance use would in-
crease during the pandemic. Additionally, we hypothesized that 
depressive symptoms and loneliness would be linked to increased sub-
stance use behaviors and social support would be associated with 
decreased substance use behaviors. We argue that psychosocial condi-
tions and a lack of social support at the start of the pandemic may serve 
as proxies for prevalent adversity in participants’ lives and their po-
tential to avoid negative trajectories. 

2. Methods 

2.1. MACS/WIHS Combined Cohort Study (MWCCS) 

The MWCCS merged two prospective observational cohort studies, 
the Multicenter AIDS Cohort Study (MACS) and the Women’s Inter-
agency HIV Study (WIHS) (D’Souza et al., 2021). Before they were 
combined, the MACS and the WIHS were the two longest-running 
epidemiologic HIV studies in the US designed to characterize the natu-
ral and treatment trajectories of the epidemic. Re-enrollment was 
ongoing at the time of this analysis, but together Combined, the two 
cohorts have 4016 active participants targeted for MWCCS enrollment. 
Most participants are between 40 and 69 years old (79%) and nearly 
two-thirds are people of color (65%). 

Since the MACS (1984) and WIHS (1994) began, participants attend 
semi-annual clinic visits for a series of physiological examinations and 
behavioral health surveys (Adimora et al., 2018; Egan et al., 2021; 
Meanley et al., 2020). In early 2020, a phone-based interview was 
developed to collect data on COVID-related health and substance use 
(D’Souza et al., 2021), and was administered at both MACS (Baltimore, 
MD/Washington, DC, Chicago, IL, Los Angeles, CA, and Pittsburgh, 
PA/Columbus, OH) and WIHS sites (Atlanta, GA, the Birmingham, 
AL-Jackson, MS corridor, Chapel Hill, NC, Chicago, IL, Los Angeles, CA, 
Miami, FL, New York, NY, San Francisco, CA, and Washington, DC). All 
study procedures were approved by each site’s Institutional Review 
Boards. Data collection instruments are available at https://statepi.jhs 
ph.edu/mwccs/data-collection-forms/. 

2.2. Study sample 

Active MACS and WIHS participants were recruited for the study, 
irrespective of whether they had HIV (D’Souza et al., 2021). However, 
the current analysis included 2121 (of 2492, 85.1%) PLWHIV who 
completed the phone-based COVID visit (April–September 2020) and 
were interviewed at the two most recent visits prior to the COVID-19 
pandemic (October 2018–March 2019; April–September 2019). 

2.3. Measures 

Table 1 provides a timeline of when primary independent and 
dependent variables were collected. 

2.3.1. Substance use outcomes 

2.3.1.1. Alcohol use. Participants indicated whether they had 
consumed any alcoholic beverage since their last study visit. Those with 
affirmative responses reported the frequency with which they consumed 
at least five (women) or six (men) alcoholic beverages in one sitting 
(never, less than monthly, monthly, weekly, daily, or almost daily). 
Aligned with prior research (Crane et al., 2021), we dichotomized re-
sponses to indicate 0 = no binge drinking and 1 = any binge drinking. 

2.3.1.2. Drug use. Participants answered one question about the 
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frequency with which they used pot, marijuana, or hash since their last 
visit (never, less often, monthly, weekly, or daily). In prior research, 
daily marijuana, irrespective of within-day frequency, was associated 
with missed clinical visits among PLHIV (Kipp et al., 2017). We 
dichotomized marijuana as 0 = non-user or non-daily user and 1 = daily 
user. Participants responded to multiple single-item questions on 
whether they had consumed crack or cocaine (i.e., smoked, snorted, 
swallowed, injected), taken speed, meth, or ice, and/or taken heroin 
since their last visit. We investigated these substances based on previ-
ously observed associations with poor HIV care-related outcomes (Baum 
et al., 2009; Fulcher et al., 2021; Gwadz et al., 2016). Items were sum-
med and recoded as 0 = no recreational use and 1 = any recreational 
use. 

2.3.2. Primary independent variables 
Depressive symptoms were measured using the 10-item Center for 

Epidemiological Studies Depression Scale (CES-D 10; Cronbach’s alpha 
= 0.76) and dichotomized according to clinical cutoffs for significant 
symptomatology (0 = CES-D 10 < 10, 1 = CES-D 10 > 10; Zhang et al., 
2012). Loneliness scores were calculated from the 3-item Loneliness 
Brief Form scale (e.g., “How often do you feel isolated from others?” 
Cronbach’s alpha = 0.78; Ballivian et al., 2020). Items were rated as 0 =
Hardly ever, 1 = Some of the time, 2 = Often. Participants’ responses 
were summed: higher scores indicated higher levels of loneliness. 
Functional social support was measured using a single item that was 
previously assessed with the MACS cohort (e.g., “Is there someone you 
can talk to about things that are important to you – someone you can 
count on for understanding or support?” Friedman et al., 2017). Par-
ticipants reported 0 = No one, 1 = One person, 2 = 2–3 people, 3 = 4–5 
people, 4 = 6 or more people. 

2.3.3. Covariates 
Participants self-reported their age, race/ethnicity, and educational 

attainment. Race/ethnicity options included non-Hispanic White, His-
panic White, non-Hispanic Black, Hispanic Black, American Indian or 
Alaskan Native, Asian or Pacific Islander, non-Hispanic Other, and 
Hispanic Other. Because some cells were small, we collapsed the race 
variable into 4 groups: 0 = non-Hispanic White, 1 = non-Hispanic Black, 
2 = Hispanic all races, 3 – non-Hispanic other. Educational attainment 
was dichotomized as 0 = High school degree or less and 1 = Any college. 

Lastly, assigned sex at birth was determined by participants’ ID numbers 
linked to the MACS (0 = male) or the WIHS (1 = female). 

2.4. Statistical analyses 

We developed group-based trajectory models in SAS 9.4 (SAS Insti-
tute Inc, 2013) to identify clusters of individuals who shared similar 
trajectories in binge drinking, daily marijuana use, and recreational 
drug use over time. We used the multivariable mixture modeling macro, 
PROC TRAJ, which employs maximum likelihood to estimate model 
parameters and handles missing values (Jones et al., 2001). We tested 
one- to five-group quadratic trajectory models to find a best-fitting 
model. Following these iterative processes, we evaluated improved 
model fit based on Bayesian Information Criterion (BIC), the size of each 
group, and the probability of membership in a specific group; specif-
ically lower BIC values, > 5% of the sample in each group, and an 
average probability of ≥ 0.70 for participants in each trajectory group 
(Nagin, 2005). After finding the best-fit number of group trajectories, we 
adjusted each trajectory for the best shape (i.e., intercept only, linear, 
quadratic, or cubic). We iteratively compared models with increasing 
numbers of groups, omitting and adding parameters based on BIC values 
to assess improvements in goodness-of-fit. 

Based on the group-based trajectory analyses, we derived a cate-
gorical variable representing trajectory group membership for each 
substance use behavior to test their associations with other co-factors. 
Fisher’s exact tests were used for categorical variables and student’s t- 
tests for continuous variables. We tested bivariate and multivariate lo-
gistic regression models to estimate the association between trajectory 
group membership and co-factors. Finally, we tested generalized linear 
mixed models (PROC GLIMMIX; Zhu, 2014) using repeated measures for 
each substance use outcome to further confirm our results. We did not 
assume any structured error correlations due to limited timepoints; 
therefore, we modeled our data using unstructured correlation matrices. 
We included time along with co-factors used in the group-based trajec-
tory models as independent variables. We also tested an interaction of 
sex assigned at birth by time to account for potential cohort effects. We 
allowed only the intercept to vary between subjects and the regression 
slopes as fixed. 

3. Results 

3.1. Sample characteristics 

Participant characteristics are described in Table 2. Participants had 
a mean age of 53.5 years (SD = 10.1), were predominantly people of 
color (73.6%), assigned female sex at birth (62.3%), and completed 
some college (50.8%). On average, participants reported moderate 
levels of COVID-era functional social support (m = 2.2, standard devi-
ation [sd] = 1.1; range: 0 – 4) and low levels of loneliness (m = 1.6, sd =
1.8; range: 0 – 6); 40% reported significant depressive symptoms. Across 
all timepoints, substance use prevalence ranged from 14.0% to 20.4% 
for binge drinking, 10.5–11.9% for daily marijuana use, and 5.4–8.0% 
for recreational drug use. Two-group trajectory solutions allowing only 
the intercept for the first trajectory and the linear and quadratic terms 
for the second trajectory were selected for all three substance use be-
haviors (lowest BIC’s [BIC = − 2322.3; − 1368.1; − 1143.84, respec-
tively], with at least 9% of the sample in the smallest group, and the 
average probability of group membership exceeding 0.91). The results of 
the two-group solutions are shown in Supplemental Table 1 and Fig. 1. 

3.2. Binge drinking 

3.2.1. Group-based trajectory model 
The first group accounted for most of the sample (83.2%) and was 

characterized as ‘no binge drinking.’ Across the three timepoints, there 
were no significant changes in the probability of being in the binge 

Table 1 
Constructs measured by data collection wave.   

Pre-COVID COVID  

Time 1 Time 2 Time 3 

Constructs October 
2018-March 
2019 

April- 
September 
2019 

April- 
June 
2020 

July- 
September 
2020 

Substance use 
outcome     
Binge Alcohol 
consumption 

X X – X 

Daily 
Marijuana use 

X X – X 

Non- 
prescription 
drug use 

X X – X 

Primary 
independent 
variables     
Depressive 
symptoms 

– – X – 

Loneliness – – X – 
Functional 
social Support 

– – X – 

Note. X – Time when data were collected for corresponding variable; - Time 
when data were not collected for corresponding variable. 
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drinking group (range 5.5–6.5%) among this ‘no binge drinking’ group; 
therefore, only the intercept was included (b0 [SE] = − 2.73 [0.09]; 
p < 0.001) in the final model. The second group (16.8%) was charac-
terized as ‘any binge drinking.’ In this group, the probability of binge 
drinking was high and similar between time 1 (87.3%) to time 2 
(87.9%). The probability of binge drinking decreased sharply during the 
epidemic (from time 2 [87.9%] to time 3 [53.5%]). 

3.2.2. Logistic regressions 
In bivariate analyses (Table 3), age was inversely associated with 

‘any binge’ group membership. Male sex, Hispanic identity, depressive 
symptoms, and loneliness were positively associated with being in the 
‘any binge drinking’ trajectory group. We observed non-significant as-
sociations by education and levels of functional social support. In the 
multivariable model, male sex (Adjusted Odds Ratio [AOR] = 3.91; CI =
2.88, 5.30; p < 0.001) and depressive symptoms (AOR = 1.45; CI =
1.07, 1.97; p = 0.016) remained associated with being in the ‘any binge 
drinking’ group after adjusting for age and race/ethnicity. 

3.2.3. Generalized linear mixed model 
The prevalence of binge drinking changed over time (Table 4; 

p < 0.0001), where the prevalence was lower at time 3 (beta coefficient 
[b] = − 0.30; standard error [SE] = 0.14; p = 0.029) compared to time 1. 
However, binge drinking at time 2 was not statistically different 
compared to time 1 (b = − 0.10; SE = 0.13; p = 0.447) and at time 3 
compared to time 2 (b = − 0.20; SE = 0.14; p = 0.153). Like the tra-
jectory group analysis, male sex (p < 0.0001) and depressive symptoms 
(p = 0.004) were associated with binge drinking after adjusting for age 
and race/ethnicity. We observed a significant interaction of sex assigned 
at birth by time (p = 0.0004); specifically, both men and women 
exhibited a significant decrease in binge drinking at time 3 compared to 
time 1 but the decrease was larger in men (b = − 0.65; SE = 0.21; 
p = 0.002) than in women (b = − 0.30; SE = 0.14; p = 0.029). 

3.3. Daily marijuana use 

3.3.1. Group-based trajectory model 
The first group (89.9%) was characterized as non- or infrequent 

marijuana users (i.e., ‘no daily use’). There were no significant changes 
in marijuana use across the three timepoints (range 1.5–2.3%). The 
second group (10.1%) was characterized as ‘daily marijuana users.’ We 
observed statistically significant linear and quadratic terms (Supplement 
Table 1), indicating a decreasing trend in marijuana use during the 
pandemic among the daily use group. Within this group, the probability 
of daily marijuana use increased pre-COVID-19 (time 1 [86.8%] to time 
2 [94.24%]), then decreased at the beginning of the COVID-19 
pandemic (time 3 [79.5%]). 

3.3.2. Logistic regression models 
Bivariate analyses (Table 3) exhibited older age to be inversely 

associated with being a daily marijuana user. Male sex, non-Hispanic 
other race, and depressive symptoms were positively associated with 
being a ‘daily user.’ Functional social support was negatively associated 
with being in the ‘daily marijuana user’ group. No statistically signifi-
cant unadjusted associations were observed by educational attainment 
(p = 0.293). Loneliness approached but did not achieve statistical sig-
nificance at the bivariate level (p = 0.054). In the multivariable model, 
male sex (AOR = 1.83; CI = 1.28, 2.61; p = 0.001) and depressive 
symptoms (AOR = 1.47; CI = 1.05, 2.08; p = 0.027) was positively 
associated with being in the ‘daily marijuana user’ group after adjusting 
for age and race/ethnicity. Functional social support closely approached 
(AOR = 0.87; CI = 0.75, 1.00; p = 0.051), but did not achieve statistical 
significance with marijuana use trajectories. 

3.3.3. Generalized linear mixed models 
There was no significant change in marijuana use over time (Table 4; 

p = 0.370). Like the group-based trajectory analysis, male sex 
(p = 0.001) and depressive symptoms (p = 0.005) were associated with 
daily marijuana use, adjusting for age and race/ethnicity. There was no 

Table 2 
Characteristics of participants in the MWCCS living with HIV (n = 2121).   

Mean (SD) N (%) 

Age in years (n = 2121)  53.52 (10.13)  
Race/Ethnicity (n = 2002)    
Non-Hispanic White   528 (26.4%) 
Non-Hispanic Black   1124 (56.1%) 
Hispanic All Races   297 (14.8%) 
Non-Hispanic Other   53 (2.7%) 
Sex assigned at birth (n = 2121)    
Male   800 (37.7%) 
Female   1321 (62.3%) 
Education (n = 2002)    
High School or less   985 (49.2%) 
Any College   1017 (50.8%) 
Binge alcohol use    
Time 1 (n = 1950)   397 (20.4%) 
Time 2 (n = 1932)   402 (20.8%) 
Time 3 (n = 1803)   252 (14.0%) 
Daily marijuana use    
Time 1 (n = 1947)   211 (10.8%) 
Time 2 (n = 1929)   229 (11.9%) 
Time 3 (n = 1804)   190 (10.5%) 
Non-prescription drug use    
Time 1 (n = 1953)   175 (8.0%) 
Time 2 (n = 1931)   172 (8.9%) 
Time 3 (n = 1804)   98 (5.4%) 
Depressive symptoms (n = 1971)    
CESD 10 < 10   1198 (60.8%) 
CESD 10 ≥ 10   773 (39.2%) 
Functional social support (n = 1971), range: 0 – 4  2.22 (1.10)  
Loneliness (n = 1971), range: 0 – 6  1.61 (1.82)  

Note. Abbreviations: MWCCS: MACS/WIHS Combined Cohort Study; HIV =

Human Immunodeficiency Virus; CESD: Center for Epidemiological Studies – 
Depression. 

Fig. 1. Probabilities of alcohol and substance use at two visits pre-COVID (Time 1 and Time 2) and during COVID (Time 3) by group trajectories.  
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statistically significant interaction between sex assigned at birth and 
time (p = 0.551). 

3.4. Recreational drug use 

3.4.1. Group-based trajectory models 
The first group accounted for 91.0% of the sample and was classified 

as ‘no use.’ There was a non-statistically significant linear trend (time 
1 =1.5%; time 2 =1.7%; time 3 =2.3%) over time (Supplement 
Table 1). The second group (9.0%) was characterized as ‘any use.’ Linear 

and quadratic terms were statistically significant in the final model, 
indicating a decreased trend in recreational drug use during the 
pandemic among participants in the any use group. 

3.4.2. Logistic regression models 
Bivariate analyses (Table 3) indicated that age and functional social 

support were inversely associated with being in the ‘any user’ group. 
Male sex, depressive symptoms, and loneliness were positively associ-
ated with being in the any recreational drug use trajectory group. There 
were no statistically significant bivariate associations by race/ethnicity 
(p = 0.806) or education level (p = 0.228). In the adjusted model, only 
male sex (AOR = 3.62; CI = 2.46, 5.33; p < 0.001), depressive symp-
toms (AOR = 1.60; CI = 1.09, 2.35; p = 0.016), and functional social 
support (AOR = 0.84; CI = 0.72, 0.99; p = 0.033) remained statistically 
significant with the recreational drug use trajectory group membership 
after adjusting for age and race/ethnicity. 

3.4.3. Generalized linear mixed models 
The prevalence of recreational drug use changed over time (Table 4; 

p < 0.0001). Changes in the prevalence of recreational drug use 
approached a statistically significant decrease at time 3 compared to 
time 1 (b = − 0.67; SE = 0.16; p < 0.0001) and at time 3 compared to 
time 2 (b = − 0.61; SE = 0.16; p = 0.0002). Recreational drug use was 
not statistically lower at time 2 compared to time 1 (b = − 0.06; SE =
0.14; p = 0.673). Male sex (p < 0.0001), depressive symptoms 
(p = 0.004), and lower levels of functional social support (p = 0.010) 
were associated with recreational drug use, adjusting for age and race/ 
ethnicity. The interaction between sex assigned at birth and time was 
not statistically significant (p = 0.113). 

4. Discussion 

4.1. Main findings 

The current study is among the first to examine short-term prob-
lematic alcohol, marijuana, and recreational drug use trajectories during 
the beginning of the COVID-19 pandemic in a large, prospective cohort 
of PLHIV in the United States. We observed two-level, short-term, group- 
based trajectories that distinguished participants as non-binge drinkers 
versus binge drinkers, non- or infrequent marijuana users versus daily 
marijuana users, and users versus non-users of recreational drugs. 
Contrary to expert predictions (Carrico et al., 2020; Hochstatter et al., 
2021), binge alcohol drinking and recreational drug use declined from 
pre-pandemic data collection to early-pandemic follow-up. We observed 
non-significant decreases in daily marijuana use across timepoints. 
Though we cannot identify specific factors that inform these trends, 
findings from research with PLHIV suggest a potential association be-
tween perceived susceptibility to SARS-CoV-2 acquisition and symptoms 
and changes in recreational drug use behaviors (Wang et al., 2021). The 
pandemic ushered in widespread fear, anxiety, and uncertainty as no 
one knew how COVID-19 might increase the risk for SARS-CoV-2 
acquisition among PLHIV (Lesko and Bengston, 2021). Despite these 
fears and perceptions, investigating the psychosocial and behavioral 
strengths that influenced the decline of alcohol and recreational drug 
use behaviors warrants further scrutiny. 

Alternatively, alcohol and recreational drug use may have decreased 
because of structural COVID-19 mitigation practices implemented 
nationwide. Local mandates limited social gatherings and shuttered 
businesses (e.g., restaurants and bars), practices that may have stymied 
alcohol and recreational drug use, especially among persons who 
consume substances primarily within social and sexual contexts (Abouk 
and Heydari, 2021). PLHIV’s adherence levels to COVID-19 mitigation 
efforts, like social distancing, may better inform changes in substance 
use behaviors. 

When observing between-group differences, depressive symptoms 
were consistently associated with each substance use trajectory. These 

Table 3 
Logistic regression models characterizing short-term group-based substance use 
trajectories among people living with HIV in the MWCCS.   

Binge drinking 
trajectories 0: No 
binge; 1: Any binge 

Marijuana use 
trajectories 0: No 
daily use; 1: Daily 
use 

Non-prescription 
drug use trajectories 
0: No use; 1: Any 
use 

Variable OR AOR OR AOR OR AOR 
(95% 
CI) 

(95% 
CI) 

(95% 
CI) 

(95% 
CI) 

(95% 
CI) 

(95% 
CI) 

Age (10- 
year 
increase) 

0.68*** 
(0.61, 
0.76) 

0.63*** 
(0.55, 
0.72) 

0.74*** 
(0.64, 
0.85) 

0.73*** 
(0.62, 
0.85) 

0.84* 
(0.72, 
0.97) 

0.84* 
(0.70, 
0.99) 

Race/ 
Ethnicity       
Non- 
Hispanic 
Black 

REF REF REF REF REF REF 

Non- 
Hispanic 
White 

1.45** 
(1.10, 
1.92) 

1.01 
(0.71, 
1.45) 

1.02 
(0.73, 
1.43) 

0.93 
(0.61, 
1.42) 

0.92 
(0.64, 
1.33) 

0.56* 
(0.36, 
0.88) 

Hispanic 
All Races 

1.77*** 
(1.28, 
2.45) 

1.20 
(0.82, 
1.74) 

0.81 
(0.51, 
1.27) 

0.64* 
(0.39, 
1.03) 

0.83 
(0.52, 
1.33) 

0.54* 
(0.32, 
0.91) 

Non- 
Hispanic 
Other 

1.15 
(0.53, 
2.48) 

1.04 
(0.46, 
2.37) 

2.04* 
(1.00, 
4.17) 

1.55 
(0.73, 
3.33) 

0.60 
(0.18, 
1.94) 

0.47 
(0.14, 
1.59) 

Sex 
assigned 
at birth       
Female REF REF REF REF REF REF 
Male 2.80*** 

(2.22, 
3.54) 

3.91*** 
(2.88, 
5.30) 

1.38* 
(1.04, 
1.83) 

1.83** 
(1.28, 
2.61) 

2.50*** 
(1.85, 
3.38) 

3.62*** 
(2.46, 
5.33) 

Education       
High 
School or 
less 

REF - REF - REF - 

Any 
College 

1.24 
(0.98, 
1.58) 

- 0.86 
(0.64, 
1.14) 

- 2.12 
(0.89, 
1.66) 

- 

Depressive 
symptoms       
CES-D 10 
scores <
10 

REF REF REF REF REF REF 

CES-D 10 
scores >
10 

1.46** 
(1.15, 
1.87) 

1.45* 
(1.07, 
1.97) 

1.56** 
(1.17, 
2.09) 

1.47* 
(1.05, 
2.08) 

1.77 
*** 
(1.29, 
2.42) 

1.60* 
(1.09, 
2.35) 

Functional 
social 
support†

0.97 
(0.88, 
1.09) 

1.03 
(0.91, 
1.16) 

0.85* 
(0.74, 
0.97) 

0.87ǂ 

(0.75, 
1.00) 

0.81** 
(0.70, 
0.93) 

0.84* 
(0.72, 
0.99) 

Loneliness† 1.07* 
(1.00, 
1.14) 

1.01 
(0.93, 
1.09) 

1.08ǂ 

(0.99, 
1.16) 

0.99 
(0.91, 
1.09) 

1.17*** 
(1.08, 
1.26) 

1.06 
(0.96, 
1.17) 

Note 1. Education was excluded in adjusted models. 
Note 2. Abbreviations: MWCCS = MACS/WIHS Combined Cohort Study; OR =
[unadjusted] odds ratio; AOR = adjusted odds ratio; CI = confidence interval; 
CES-D = Center for Epidemiological Study – Depression. 
Note 3. *** p <.001; ** p <.01; * p <.05; ǂ p ≈.05. 
Note 4. † Higher scores indicating higher levels of functional social support and 
loneliness. 
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findings are consistent with prior studies (Mannes et al., 2021; 
Kelso-Chichetto et al., 2018). Though researchers have previously linked 
social support and loneliness to alcohol and substance use behaviors 
among PLHIV (Mannes et al., 2017; Moitra et al., 2020), our analyses 
yielded inconsistent findings. In bivariate tests, loneliness levels early in 
the pandemic were positively associated with binge drinking and sub-
stance use trajectories. In multivariable models, functional social sup-
port was inversely associated with membership in the ‘any recreational 
drug use’ trajectory group, reinforcing the health-promotive qualities of 
social relationships in PLHIV’s lives (Friedman et al., 2017). Our 
non-significant findings may be attributed to the limited variability of 
psychosocial factors within our sample. Overall, PLHIV in the MWCCS 
reported low levels of loneliness and high levels of functional support 
when the pandemic began. Over 75% reported having two to three 
people that they can rely on for support. Consistent with prior studies, 
male sex was positively linked to substance use trajectories, which may 
reflect sex-related disparities in psychosocial and environmental risk 
factors (Becker et al., 2017). 

4.2. Limitations 

Although we examined group-based trajectories in alcohol, mari-
juana, and recreational drug use, we did not analyze other consequences 
of COVID-19, such as changes in livelihood, and the impact of the 
pandemic on loved ones. Therefore, we cannot pinpoint specific 
stressors or strengths that shaped our participants’ substance use tra-
jectories. Our results may not apply to other samples of men and women 
living with HIV. MACS and WIHS participants are part of a longstanding 
HIV survivor cohort, who are predominantly middle-aged, although the 
mean age of our sample aligns with the statistic that over half of PLHIV 
in the United States are above the age of 50 (CDC, 2021). In prior 
studies, pre-COVID substance use trajectories in PLHIV have exhibited 
age-related differences on specific substances consumed (e.g., greater 
marijuana use in older cohorts, greater recreational drug use in younger 
cohorts; Mannes et al., 2019; Noor et al., 2021); therefore, cohorts of 
younger aged individuals may report different COVID-19 substance use 

patterns. Our sample also represents people who are largely linked to 
health care, and accustomed to the requirements involved in cohort 
study participation (Ware et al., 2019). Furthermore, the right skew 
distribution of some of our study’s psychosocial variables (e.g., social 
support and loneliness) may inform inconsistent or different findings 
observed with more psychosocially diverse samples. Our sample’s low 
rates of substance use, particularly with recreational drugs, limited our 
capacity to explore more nuanced ways of looking at group-based tra-
jectories, such as the frequency and specific types of substances that 
participants used. Furthermore, we were unable to distinguish partici-
pants who use marijuana for medical versus recreational purposes; many 
study sites are in states where HIV seropositivity is an eligible indicator 
for medical cannabis use. Finally, our study is susceptible to the inherent 
challenges of conducting survey research, including limitations linked to 
self-report, subjectivity, social desirability, and the proclivity of partic-
ipants to under-report behaviors on sensitive topics, like mental health 
and substance use. 

4.3. Future research 

Future studies should investigate the ongoing impact of COVID-19 on 
the psychosocial well-being of PLHIV. This study examined substance 
use trajectories only in the short-term. Future MWCCS analyses may 
improve the precision in identifying substance use trajectories among 
PLHIV, and to assess the long-term psychosocial consequences of the 
pandemic beyond the three timepoints included in our analysis. Because 
depressive symptoms, loneliness, and social support variables were 
collected at the start of COVID-19 pandemic efforts (i.e., April- 
September 2020), future analyses should examine how changes in co- 
occurring psychosocial profiles alter PLHIV’s substance use trajec-
tories. Additional studies may benefit from alternative conceptualiza-
tions of substance use to inform pandemic-related trajectories (e.g., 
binge drinking versus hazardous drinking; medical versus recreational 
marijuana use; stimulant versus opioid use). Furthermore, the Centers 
for Disease Control and Prevention reported that overdose deaths have 
accelerated during the COVID-19 pandemic (CDC, 2020). Though our 

Table 4 
Generalized linear mixed models characterizing changes in substance use behaviors among people living with HIV in the MWCCS.   

Binge Drinking Daily marijuana use Non-prescription drug use  

b (SE) p-value b (SE) p-value b (SE) p-value 

Timeǂ  < 0.0001  0.370  < 0.0001 
Time 1 REF - REF - REF  
Time 2 -0.10 (0.13) 0.447 0.14 (0.13) 0.276 -0.06 (0.14) -0.673 
Time 3 -0.30 (0.14) 0.029 -0.04 (0.13) 0.793 -0.67 (0.16) < 0.0001 
Age (10-year increase) -0.46 (0.06) < 0.0001 -0.39 (0.08) < 0.0001 -0.14 (0.08) 0.110 
Race/Ethnicity  0.674  0.195  0.003 
Non-Hispanic BlackNon-Hispanic 

WhiteHispanic All RacesNon-Hispanic 
Other 

-0.08 (0.15)REF0.13 
(0.16)-0.11 (0.34) 

0.602- 
0.4010.746 

-0.09 (0.20)REF-0.41 
(0.23)0.39 (0.40) 

0.649- 
0.0710.326 

-0.69 (0.22)REF-0.66 
(0.26)-0.96 (0.59) 

0.002- 
0.0100.104 

Sex assigned at birth⸹       

Female REF - REF - REF - 
Male 1.20 (0.17) < 0.0001 0.56 (0.17) 0.001 1.33 (0.19) < 0.0001 
Depressive symptoms       
CES-D 10 scores < 10 REF - REF - REF - 
CES-D 10 scores > 10 0.36 (0.12) 0.004 0.47 (0.17) 0.005 0.55 (0.19) 0.004 
Functional social support† 0.01 (0.05) 0.871 -0.09 (0.07) 0.196 -0.20 (0.08) 0.010 
Loneliness† 0.001 (0.03) 0.974 -0.003 (0.05) 0.949 0.07 (0.05) 0.163 
Intercept 0.22 (0.33) 0.507 -0.67 (0.43) 0.122 -2.27 (0.49) < 0.0001 
Interaction⸭  0.0004     
Sex (Male) * Time 1 REF - - - - - 
Sex (Male) * Time 2 0.17 (0.19) 0.370 - - - - 
Sex (Male) * Time 3 -0.65 (0.21) 0.002 - - - - 

Note 1. As shown in table, the interaction term between sex and time was significant for binge drinking and included in that final model. Interaction term between sex 
and time was not significant in models of daily marijuana and of non-prescription drug use and was thus excluded in final model for those outcomes. 
Note 2. The model with interaction term ( binge drinking model) needs different interpretation for beta coefficients. ǂ the effect of time when sex is female; ⸹ the effect 
of sex at time 1; ⸭ the additive effect of time when sex is male. 
Note 3. For non- prescription drug use, there were statistically significant differences between Time 3 and Time 2. 
Note 4. † Higher scores indicating higher levels of functional social support and loneliness. 
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study focuses on substance use frequency, future studies should evaluate 
how pandemic stressors have impacted the amount of alcohol and drugs 
PLHIV consumed at times of use. Finally, researchers should implement 
mixed-methods approaches to better identify health-promotive factors 
(e.g., health and socially supportive resources utilized throughout the 
COVID-19 pandemic) that interrupt problematic trajectories in sub-
stance use. 

4.4. Conclusions 

The COVID-19 pandemic has emphasized the importance of moni-
toring and evaluating alcohol and substance use in PLHIV. Since the start 
of the pandemic, health providers have adapted their service provision 
to maximize patients’ retention in healthcare (Lin et al., 2020; Molfenter 
et al., 2021). As mitigation recommendations continue to be updated, 
consistent evaluations of PLHIV’s substance use trajectories amidst the 
COVID-19 pandemic may better equip health systems to effectively 
respond to complex and co-occurring challenges as new public health 
emergencies arise. Furthermore, researchers predicted that mitigation 
strategies elevated peoples’ risks for adverse conditions, like depression 
and loneliness. These conditions already disproportionately effect 
PLHIV and are linked to decreased engagement in HIV care. Yet, we 
found that binge alcohol consumption and recreational drug use 
decreased at the beginning of the pandemic among substance-using 
PLHIV. Furthermore, depressive symptoms distinguished PLHIV with 
substance use trajectories from those with non-use trajectories. Ongoing 
surveillance must continue in order to substantiate our findings, eluci-
date the COVID-19 pandemic’s complex and co-occurring contributions 
to psychosocial conditions, and inform the supportive factors that 
interrupt negative behavioral health trajectories experienced by PLHIV. 
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