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Abstract
Female sex workers (FSW) have worse HIV outcomes in part due to lower anti-retroviral therapy (ART) adherence. Sub-
stance use and depression are important barriers to ART adherence, yet few studies have assessed these relationships among 
FSW in longitudinal studies. Cross-Lagged Panel Models and autoregressive mediation analyses assessed substance use 
(illicit drug use and alcohol use disorders) in relation to ART non-adherence and the mediation role of depressive symptoms 
among 240 FSW living with HIV in the Dominican Republic. In annual visits (T1, T2, T3), the majority (70%, 66%, and 
53%) reported at-risk drinking and 15%, 13% and 9% used illicit drug during the past 6 months. Most FSW (70%, 62% and 
46%) had mild-to-severe depression. Illicit drug use predicted later ART non-adherence. This relationship was not mediated 
via depressive symptoms. Integrated substance use and HIV care interventions are needed to promote ART adherence and 
viral suppression among FSW.
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Resumen
Las trabajadoras sexuales (TRSX) tienen peores resultados de VIH debido en parte a la menor adherencia a la terapia antir-
retroviral (TAR). El uso de sustancias y la depresión son barreras importantes para la adherencia; sin embargo, pocos estudios 
longitudinales han evaluado estas relaciones entre las TRSX. Utilizamos modelos de panel y análisis de mediación para 
evaluar el uso de sustancias en relación a la falta de adherencia al TAR y el papel de mediación de los síntomas depresivos 
entre 240 TRSX con VIH en la República Dominicana. En visitas anuales (T1, T2, T3), la mayoría (70%, 66%, and 53%) 
reportó consumo riesgoso de alcohol y 15%, 13% y 9% consumieron alguna droga ilícita durante los últimos 6 meses. La 
mayoría (70%, 62% y 46%) tenían depresión leve a grave. El uso de drogas ilícitas predijo la falta de adherencia al TAR. 
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Esta relación no fue mediada por síntomas depresivos. Se necesitan intervenciones integradas de atención del VIH y el uso 
de sustancias para promover la adherencia al TAR y la supresión viral entre TRSX.

Introduction

Globally, sex workers are disproportionately affected by HIV 
compared to adult women overall, with FSW experiencing 
30 times greater odds of acquiring HIV than the general 
female population [1, 2]. The prevalence of HIV among 
cisgender female sex workers (FSW) is 10.4% globally [3]. 
Antiretroviral therapy (ART) has been proven to be effective 
in the treatment of HIV [4]. However, the benefits of ART 
rely on successful engagement in HIV care and adherence 
to ART [5]. FSW are a highly stigmatized population and 
FSW living with HIV face multiple structural, psychosocial 
and individual barriers to engaging in the HIV care cas-
cade [6, 7]. Globally, a prior systematic review found that 
only 38% of FSW are estimated to have access to ART, and 
among those, a meta-analysis estimates that 57% are virally 
suppressed [8]. Two additional studies from Zimbabwe and 
Cambodia, respectively, found that less than half of FSW 
were virally suppressed [9, 10].

The prevalence of substance use is disproportionately 
high among FSW compared to the general population. Glob-
ally ~ 75% of FSW used alcohol in the past month [11], and 
29% have ever used some illicit drug [12]. In prior research 
with FSW living with HIV in the Dominican Republic (DR), 
54% reported alcohol use in the past week, and 25% reported 
having ever used illicit drugs [13]. Substance use is known 
to be an important barrier for optimal adherence to ART 
among people living with HIV (PLWH). Heavy alcohol use 
[14] and use of illicit drugs [15] (e.g. marijuana) have been 
reported to be related to reduced HIV management in PLWH 
[16]. Limited studies have assessed the relationship between 
substance use and HIV treatment outcomes among FSW liv-
ing with HIV. The available literature [13, 17–20], based 
mostly on cross-sectional studies [13, 18–20], shows that 
similar to PLWH, alcohol use or illicit drug use are related 
to decreased ART adherence and lower likelihood of viral 
suppression in FSW. However, limited research [17] has 
assessed the relationship between substance use and ART 
adherence longitudinally. In addition, underlying mecha-
nisms have not been well explored.

FSW also experience a disproportionate burden of men-
tal health problems, e.g. depressive symptoms. Depressive 
symptoms are another critical barrier to ART adherence for 
FSW living with HIV [21]. The prevalence of depression is 
41.8% among FSW from low and middle-income countries 
[22]. A review study reported significant interplays between 
substance use and depressive symptoms among FSW [22]. 
Substance use may lead to depressive symptoms via its effect 
on the brain [23]. Substances can lead to an overall reduction 

in the sensitivity of the brain's dopamine reward system, 
which has been reported to cause depressive symptoms [24, 
25]. Meanwhile, FSW with depressive symptoms may use 
substances for temporary relief from negative mood [26], 
similar to the general population. A study among PLWH 
reported that depression mediated the relationship between 
alcohol problems and ART adherence [27]. However, again, 
limited studies have specifically assessed the role of mental 
health problems on the relationship between substance use 
and ART adherence in FSW living with HIV.

To address these gaps, we analyzed data from a longitudi-
nal study among FSW living with HIV in the DR, involving 
three annual assessments. Approximately 90,000 women 
are estimated to engage in sex work in the DR [28]. Addi-
tionally, HIV prevalence among FSW in the DR is up to 6 
times higher than the national prevalence [29, 30], making 
it an important site to study the population of FSW living 
with HIV. This study aimed to assess longitudinal associa-
tions between substance use and ART adherence to explore 
whether depressive symptoms mediated these relationships. 
We hypothesized that (1) prior substance use (illicit drug use 
and at-risk drinking) would predict subsequent ART non-
adherence, and that (2) depressive symptoms would mediate 
the relationship between prior substance use and subsequent 
ART non-adherence.

Methods

A total sample of 240 cisgender FSW living with HIV in the 
DR were recruited to participate in a longitudinal observa-
tional study, “Stigma, cohesion and HIV outcomes among 
vulnerable women across epidemic settings.” Recruitment 
was based largely on an already established cohort of FSW 
living with HIV in Santo Domingo initiated during the 
Abriendo Puertas (Opening Doors) intervention [13], with 
additional recruitment led by peer navigators, key inform-
ants, and participants themselves. The eligibility criteria 
included women ≥ 18 years, with a confirmed HIV-positive 
diagnosis and who reported exchanging sex for money in 
the last month.

The study involved three waves (T1, T2 and T3) of annual 
assessments starting in 2018. Face-to-face survey interviews 
examined demographic, behavioral and socio-structural fac-
tors related to HIV care continuum outcomes. These surveys 
were interviewer administered with a pre-programmed tab-
let. Blood draws were also collected at each wave to assess 
viral suppression. Two hundred and one FSWs participated 
in data collection at T1, out of which 29 (14%) were lost to 
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follow up at T2. An additional 39 FSW were recruited at T2 
to compensate for attrition, resulting in 211 FSW at T2. Out 
of 211 FSW at T2, 187 FSW (89%) were followed up at T3. 
A total of 240 FSW participated in at least one assessment, 
with 162 (67%) having three assessments, 35 (15%) hav-
ing two assessments and 43 (18%) having one assessment. 
A comparison of sample characteristics is presented in the 
supplemental Table 1.

Ethical Considerations

The study was approved by the Institutional Review Boards 
of the Johns Hopkins Bloomberg School of Public Health 
in the United States, and the Instituto Dermatológico y 
Cirugía de la Piel (IDCP) in Santo Domingo, DR. All par-
ticipants provided oral informed consent prior to being 
enrolled.

Measures

HIV Outcomes

ART Non‑adherence Adherence to ART was self-reported 
based on the validated AIDS Clinical Trials Group (ACTG) 

measure which includes 5 behavioral items including: doses 
taken/missed over the last 4 days, doses taken/missed over 
the last weekend, how closely the participant followed the 
medication schedule, how closely they followed all instruc-
tions, and when the last skipped dose occurred [31]. A 
binary variable was created to indicate whether or not par-
ticipants reported optimal ART adherence based on each of 
these items and then a summary score (range 1–5) was cre-
ated for the 5 items with a higher score indicating greater 
ART non-adherence.

Viral Suppression We also assessed the biological outcome 
of viral suppression, which was used to examine the validity 
of the self-reported ART non-adherence. One 10 mL tube of 
EDTA anticoagulated blood for each participant was drawn 
per study visit for the blood-based assessments. Viral load 
testing was conducted at the laboratory of La Clínica de 
la Familia in La Romana, DR, utilizing polymerase chain 
reaction (PCR) technology with the Roche Amplicor HIV-1 
Monitor Test. Viral suppression was coded as ≤ 400 copies/
mL and viral non-suppression as > 400 copies/mL.

Table 1  Selected sample 
characteristics among FSW 
living with HIV in the DR 
(n = 240)

a The sociodemographic characteristics at T1 in the table were based on all the participants including 201 
participants recruited at T1 and 39 participants recruited at T2 with sociodemographic variables at T1 
imputed based on information at T2
b Peso was converted to US dollars based on the conversion rate of 0.018 dollars per DR peso

Variables T1 (n =  240a) T2 (n = 211) T3 (n = 187)
N (%)
or mean (SD)

N (%)
or mean (SD)

N (%)
or mean (SD)

Sociodemographic variablesa

Age, mean (SD) 39.75 (9.13) 40.91 (8.93) 42.52 (8.86)
Education
 Secondary or university or more 76 (32) 82 (39) 70 (38)
 No school or primary 159 (68) 129 (61) 116 (62)

Relationship status
 Married or living together 80 (33) 87 (41) 65 (35)
 Single, separated, divorced or widowed 159 (67) 124 (59) 121 (65)

Monthly income in dollar, mean (SD)b 219 (184) 173 (120) 170 (172)
Drug use
Any illicit drug use (yes vs. no) 30 (15) 27 (13) 17 (9)
At risk drinking (yes vs. no) 139 (70) 140 (66) 97 (53)
HIV outcomes
ART non-adherence (range 1–5), mean (SD) 1.70 (1.75) 1.69 (1.77) 1.59 (1.26)
Viral non-suppression (> 400 copies/mL) 55 (27) 50 (24) 30 (16)
Mediator
Depressive symptoms (range 0–27), mean (SD) 8.05 (5.91) 6.84 (5.30) 4.59 (4.80)
Mild–severe depression (> 5 vs. 0–4) 139 (70) 130 (62) 84 (46)
Moderate–severe depression (> = 10 vs. 0–9) 76 (38) 54 (26) 25 (14)
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Predictors (Substance Use)

Illicit Drug Use Historic (ever) illicit drug use in lifetime 
was screened across a range of drugs (marijuana, crack, 
cocaine, heroin by injection, pills (ecstasy) and any other 
drug). If participants answered “yes”, they were asked about 
current use (frequency of use in last 6 months). The variable 
was coded as “yes” or “no” to indicate the use of at least one 
of these drugs in the last 6 months.

Alcohol Use The Alcohol Use Disorders Identification Test 
(AUDIT)-C, developed by the World Health Organization, 
was used [32]. Questions included two quantity–frequency 
questions and one binge question with all responses on a 
five-point Likert scale. Participants were asked, “How 
often do you have a drink containing alcohol?” Participants 
reporting lifetime alcohol consumption were asked (1) “how 
many drinks containing alcohol do you have on a typical day 
when you are drinking?” and (2) “how often do you have ≥ 6 
drinks on one occasion?” A summary score (range 0–12) 
was created and at-risk drinking was then defined as a score 
of ≥ 3 out of 12 [33].

Potential Mediator

Depressive Symptoms Depressive symptoms in the last 
2 weeks were assessed with the 9-item Patient Health Ques-
tionnaire (PHQ-9) [34]. Cronbach’s alpha was 0.85–0.89 
across T1-T3. A summary score (range 0–27) was created 
and used in analyses with a higher score indicating greater 
depressive symptoms. We also described mild-severe 
depression using a cutoff of 5 (≥ 5 vs. 0–4) and moderate-
severe depression using a cutoff of 10 (≥ 10 vs. 0–9).

Covariates

FSW self-reported socio-demographic variables, including 
age in years, level of formal education, relationship status, 
and monthly income. We included these covariates at T1 in 
the models. For the 39 participants who were recruited at T2 
instead of T1, they had missing values for these covariates 
at T1. For these participants, we filled in the missing values 
for demographic covariates with the information at T2 and 
used T2 age minus 1 year for T1 age.

Data Analyses

Descriptive analyses  were conducted for selected sample 
characteristics at T1. In all the models, ART non-adherence 
(skewness within 0.74–1.15) and depressive symptoms 
(skewness within 0.55–1.15) were treated as continuous 
variables, while substance use (illicit drug use or at-risk 
drinking) was treated as a binary variable. The percentage 

of substance use and the average score of depressive symp-
toms and ART non-adherence were assessed at T1, T2 and 
T3. To assess whether there was a significant change in the 
mean score or prevalence over time (T1–T2 and T1–T3), lin-
ear mixed models for continuous variables and generalized 
linear mixed models for binary variables (mixed logit model) 
were conducted with time as a categorical variable and T1 as 
a reference. A random intercept at the participant level was 
used to account for clustering of repeated measures within 
each participant. Post-hoc estimation assessed changes in 
T2–T3. To assess the relationship between ART non-adher-
ence and viral suppression, we conducted a generalized lin-
ear mixed model with viral suppression as the dependent 
variable and ART non-adherence at the same assessment 
as the independent variable, with a random intercept at the 
participant level.

Cross-lagged panel models (CLPM) examined the rela-
tionship of two variables including substance use (either 
illicit drug use or at-risk drinking), and ART non-adherence 
over time [35] by estimating the association of the exposure 
(substance use) at time T-1 on the outcome (ART non-adher-
ence) at subsequent time T; it also allowed the exposure to 
be affected by the past assessment of the outcome variable. 
CLPM simultaneously assessed (1) the cross-lagged rela-
tionship of substance use assessed in a previous study visit 
to later ART non-adherence, and the reverse relationship of 
ART non-adherence in a previous study visit to later sub-
stance use, and (2) the autoregressive relationships of the 
same variable (e.g. substance use or ART non-adherence) 
on itself over time. Separate models were conducted for 
illicit drug use and at-risk drinking. The initial CLPM esti-
mated cross-lagged paths freely without constraints. Wald 
tests then assessed equality of cross-lagged relationships 
over time and if non-significant, the paths were constrained 
to be equal over time. Modification index based on the 
LaGrange Multiplier test was used for model modifications 
to improve model fit [36]. The models controlled for all of 
the covariates.

In mediation analysis, the mediation effect can be 
assessed based on the joint significance of a and b (a*b), 
where a indicates the relation between X (independent vari-
able) and M (mediator) and b indicates the relation between 
M (mediator) and Y (dependent variable), controlling for X. 
The autoregressive mediation model, a longitudinal media-
tion model, was conducted [37] to assess the mediating role 
of depressive symptoms (M) in the relationship between 
substance use (X) and ART non-adherence (Y) over time. 
X, M and Y were assessed three times over time (X1–X3, 
M1-M3, Y1–Y3). Antecedent X was used to predict both M 
and Y in the next assessment, and antecedent M was used to 
predict Y in the next assessment. As shown in Fig. 2a and b, 
the mediation model accounts for the autoregressive effect 
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(stability) of X, M and Y over time (sX, sM and sY); three 
longitudinal mediation effects were assessed: time-ordered 
mediation (a1*b1), mediation at the first lag (a2*b2), and 
mediation at the 2nd lag (a1*b2) [37], where a1 and a2 rep-
resent the two longitudinal a paths (M2 on X1 and M3 on 
X2, respectively) and b1 and b2 represent the two longitu-
dinal b paths (Y2 on M1 and Y3 on M2, respectively). For 
both CLPM and mediation models, Weighted Least Square 
with means and variances adjusted (WLSMV) was used for 
estimation and models controlled for all covariates. Model 
fitness was assessed with a non-significant Chi-square test 
 (X2) test, Comparative Fit Index (CFI) > 0.9, Tucker-Lewis 
index (TLI) > 0.9, Standardized Root Mean Square Residual 
(SRMR) < 0.08 and Root Mean Squared Error of Approxi-
mation (RMSEA) < 0.08 indicating a good model fit [38]. 
Mplus 8.2 statistical software was used in these analyses 
[39].

Out of the 240 participants, 5 participants did not report 
education (including one who did not report any covariate) 
at any assessment and were excluded from the CLPM or 
mediation models. Out of the remaining 235 participants, 
196 (83%), 211 (90%) and 182 (77%) participants reported 
substance use and depressive symptoms, and 185 (79%), 
209 (89%), and 178 (76%) participants reported ART non-
adherence at T1-T3, respectively. Little’s covariate-depend-
ent missingness (CDM) test supported missing at random 
(MAR) for substance use, depressive symptoms, and ART 
non-adherence  (X2 = 256.15, df = 365, p = 1.000) [40], con-
ditional on the covariates (age, education, income, and rela-
tionship status). WLSMV used the pairwise deletion method 
to handle missingness in Mplus [41].

Results

Table 1 presents selected sample characteristics. At T1, the 
mean age of FSW participants was 39.10 years (SD = 9.52), 
67% were single, separated, divorced or widowed and 68% 
had no school or had primary education. Mean annual 
income was 12,179.6 Dominican pesos (SD = 10,237.02), 
which is ~ $219 (SD =  ~ $184).

The average ART non-adherence score was 1.70 
(SD = 1.75), 1.69 (SE = 1.77) and 1.59 (SD = 1.26) at T1, 
T2 and T3, respectively. There was no significant change 
over time (b = 0.04, SE = 0.14, p = 0.799 for T1–T2, and 
b = − 0.11, SE = 0.14, p = 0.439 for T2–T3). The mean 
score for depressive symptoms was 8.05 (SD = 5.91), 
6.84 (SD = 5.30) and 4.59 (SD = 4.80) at T1, T2 and T3, 
respectively. There was a significant decrease in depres-
sive symptoms between both T1 and T2, and T2 and T3 
(b = − 1.22, SE = 0.47, p = 0.009 for T1–T2, b = − 2.25, 
SE = 0.47, p < 0.001 for T2–T3). An estimated 15%, 13% 

and 9% of participants used at least one illicit drug at T1, 
T2 and T3 respectively. There was no significant decrease 
in illicit drug use based on mixed logit model between T1 
and T2 (b = − 0.65, SE = 0.49, p = 0.191), or between T2 
and T3 (b = − 0.50, SE = 0.53, p = 0.347), but there was a 
significant decrease from T1 to T3 (b = − 1.15, SE = 0.55, 
p = 0.038). An estimated 70%, 66% and 53% of participants 
reported at-risk drinking during the past 6 months at T1, 
T2 and T3, respectively. There was a significant decrease in 
at-risk drinking between T2 and T3 (b = − 0.87, SE = 0.28, 
p = 0.002), but not between T1 and T2 (b = − 0.21, SE = 0.27, 
p = 0.435).

There was a significant relationship between ART non-
adherence and viral suppression. At T1, T2 and T3, 27%, 
24% and 16% of participants were not virally suppressed 
respectively (Table 1). A one unit increase in ART non-
adherence was associated with about a 50% reduced likeli-
hood of viral suppression (crude Odds Ratio, OR 0.51, 95% 
CI 0.40–0.66, p < 0.001; adjusted OR, aOR 0.53, 95% CI 
0.41–0.69, p < 0.001 after adjusting for covariates, supple-
mentary Table 2).

Reciprocal Relationships Between Illicit Drug Use 
and ART Non‑adherence

Wald Chi-square tests for cross-lagged paths were non-
significant  (X2 = 0.29, df = 1, p = 0.591 for antecedent 
illicit drug use in relation to later ART non-adherence and 
 X2 = 1.00, df = 1, p = 0.319 for antecedent ART non-adher-
ence on later illicit drug use); thus, they were constrained to 
be equal over time. The model fits the data well  (X2 = 5.17, 
df = 6, p = 0.522, RMSEA < 0.001, CFI = 1.0, TFL = 1.0, 
SRMR = 0.019; Fig. 1a). Antecedent illicit drug use was sig-
nificantly related to subsequent ART non-adherence (stand-
ardized regression coefficient β = 0.25, SE = 0.11, p = 0.016 
at T1–T2 and β = 0.08, SE = 0.04, p = 0.043 at T2–T3). In 
contrast, ART non-adherence was not related to subsequent 
illicit drug use (ps > 0.10). Illicit drug use had strong stabil-
ity over time (β = 0.82, SE = 0.08, p < 0.001 at T1–T2 and 
β = 1.00, SE = 0.08, p < 0.001 at T2–T3, respectively). ART-
non-adherence had small-to-moderate stability over time at 
T2–T3 (β = 0.21, SE = 0.08, p = 0.005 at T1–T2, β = 0.29, 
SE = 0.08, p < 0.001 at T2–T3, respectively). Illicit drug use 
and ART non-adherence were significantly correlated at T1 
(β = 0.35, SE = 0.10, p < 0.001), but not at T2 or T3.

Reciprocal Relationships Between At‑risk Drinking 
and ART Non‑adherence

Based on MI, we included the 2nd order autoregressive 
relation for at-risk drinking. Wald Chi-square tests for 
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cross-lagged paths were non-significant  (X2 = 2.69, df = 1, 
p = 0.101 for antecedent at-risk drinking in relation to later 
ART non-adherence and  X2 = 0.03, df = 1, p = 0.854 for ante-
cedent ART non-adherence on later at-risk drinking); thus, 
both were constrained to be equal over time. The model fit 
the data well  (X2 = 5.54, df = 5, p = 0.353, RMSEA = 0.021, 
CFI = 0.996, TLI = 0.969, SRMR = 0.026; Fig. 1b). At-risk 
drinking was not significantly related to subsequent ART 
non-adherence. ART non-adherence was not related to sub-
sequent at-risk drinking (ps > 0.10). At-risk drinking had 
modest stability at T1–T2 (β = 0.53, SE = 0.11, p < 0.001) 
and at T1–T3 (β = 0.46, SE = 0.14, p = 0.001), but not at 
T2-T3. ART non-adherence had small-to-moderate stabil-
ity over time (β = 0.25, SE = 0.08 p = 0.002 at T1–T2 and 
β = 0.31, SE = 0.08, ps < 0.001 at T2–T3,). At-risk drink-
ing and ART non-adherence were significantly correlated 
at T1 (β = 0.24, SE = 0.09, p = 0.007), but not at T2 or T3 
(ps > 0.10).

Mediation Effect of Depressive Symptoms 
on the Relationship Between Illicit Drug Use 
and ART Non‑adherence

The model fit for the autoregressive mediation model [41] 
that assessed the mediating effect of depressive symptoms 
on the relation between illicit drug use and ART non-
adherence was satisfactory  (X2 = 17.69, df = 15, p = 0.280, 
RMSEA = 0.028, CFI = 0.996, TLI = 0.981, SRMR = 0.026, 
Fig. 2a). The longitudinal time-ordered mediation was not 
significant (unstandardized path coefficients a1*b2 = 0.012, 
SE = 0.014, p = 0.372), nor was the longitudinal mediation at 
the first lag of T1–T2 (a1*b1 = 0.029, SE = 0.031, p = 0.348) 
or the 2nd lag of T2–T3 (a2*b2 = 0.002, SE = 0.005, 
p = 0.618).

Mediation Model Between At‑risk Drinking and ART 
Non‑adherence

The initial model fitness was not satisfactory (X2 = 22.58, 
df = 15, p = 0.094, RMSEA = 0.046, CFI = 0.961, TLI = 0.810, 
SRMR = 0.038). Based on MI, the path from at-risk drinking 
at T1 to at-risk drinking at T was included. The model fit was 

Fig. 1  a Cross-lagged panel 
analysis of illicit drug use 
and ART non-adherence over 
time. Note Standardized path 
coefficients were presented. 
**p < 0.01. *p ≥ 0.01 and < 0.05. 
Covariates (age, education, rela-
tionship status, income) were 
included in the model, but not 
illustrated in the figure. Bolded 
lines are significant estimates 
and dashed lines insignifi-
cant. Drug: illicit drug use. b 
Cross-lagged panel analysis 
on at-risk drinking and ART 
non-adherence over time. Note 
Standardized  path coefficients 
were presented. **p < 0.01. 
*p ≥ 0.01 and < 0.05. Covariates 
(age, education, relationship 
status, income) were included 
in the model, but not illustrated 
in the figure. Bolded lines are 
significant estimates and dashed 
lines insignificant. Alcohol: 
alcohol use
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satisfactory (X2 = 13.61, df = 14, p = 0.479, RMSEA < 0.001, 
CFI = 1.0, TLI = 1.0, SRMR = 0.030, Fig. 2b). The time-
ordered mediation of ART non-adherence (T3) on at-risk 
drinking (T1) via depressive symptoms (T2) was not sig-
nificant (unstandardized path coefficients a1*b2 = − 0.012, 
SE = 0.014, p = 0.371, Fig. 2b). The longitudinal mediation 
at the first time lag of T1-T2 (a1*b1 = − 0.031, SE = 0.032, 
p = 0.320) or the longitudinal mediation at the 2nd time lag 
of T2–T3 (a2*b2 = − 0.020, SE = 0.016, p = 0.211) was not 
significant either.

Discussion

This is one of the first studies to report on temporal relation-
ships between substance use and ART non-adherence using 
a longitudinal research design among FSW living with HIV. 
In this sample of FSW living with HIV, we found that (1) 

illicit drug use predicted subsequent ART non-adherence, 
and (2) the relationship between illicit drug use or at-risk 
drinking and subsequent ART non-adherence was not medi-
ated by depressive symptoms.

The findings are consistent with prior research indicating 
that substance use is a barrier for FSW to engage in optimal 
HIV treatment as illicit drug use predicted subsequent non-
adherence of ART. Although findings did not reach statisti-
cal significance, there was a trend in the positive direction 
for prior at-risk drinking and subsequent ART non-adher-
ence. These findings are consistent with prior research on 
substance use as a barrier for FSW to engage in HIV treat-
ment. For example, among FSW in Malawi, marijuana use 
was related to 1.9 times of non-use of ART, and harmful 
drinking doubled the prevalence of viral non-suppression 
[18]. Several studies among FSW in the DR have shown 
that lifetime drug use [19, 20] and drug use before sex [13] 
were both related to adverse HIV outcomes. Alcohol use 

ART non-
adherence2

Drug2 Drug3

ART non-
ahderence1

ART non-
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Drug1

-0.07(0.07)
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Fig. 2  a Autoregressive mediation of depressive symptoms on illicit 
drug use and ART non-adherence over time. Note Standardized path 
coefficients were presented. **p < 0.01. *p ≥ 0.01 and < 0.05. Covari-
ates (age, education, relationship status, income) were included in 
the model, but not illustrated in the figure. Bolded lines are signifi-
cant estimates and dashed lines insignificant. Drug: illicit drug use, 
Dep: depressive symptoms. sX, sM, and sY indicate autoregressive 
path estimates for X, M and Y, separately. b Autoregressive media-

tion of depressive symptoms on at-risk drinking and ART non-adher-
ence over time. Note Standardized path coefficients were presented. 
**p < 0.01. *p ≥ 0.01 and < 0.05. Covariates (age, education, relation-
ship status, income) were included in the model, but not illustrated 
in the figure. Bolded lines are significant estimates and dashed lines 
insignificant. Alcohol: alcohol use, Dep: depressive symptoms. sX, 
sM, and sY indicate autoregressive path estimates for X, M and Y, 
separately
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was also related to lower ART adherence among FSW in a 
prospective study in Kenya [17].

This study assessed the mediating effect of depressive 
symptoms on the relationship between substance use and 
ART non-adherence. Although there were positive correla-
tions among substance use, depressive symptoms and ART 
non-adherence at T1, this study did not find that depressive 
symptoms mediated the relationship between substance use 
and subsequent ART non-adherence over time, which was 
contrary to our hypothesis and a cross-sectional study of 
PLWH [27]. The current study found that depressive symp-
toms at T1 predicted ART non-adherence at T2 (Fig. 2a, b). 
This is consistent with a broader body of research on PLWH 
that suggests that mental health problems are related to dif-
ficulties in adhering to HIV treatment as PLWH with men-
tal health problems are more likely to experience fatigue, 
hopelessness, lower motivation and concentration in terms 
of adherence to HIV treatment [42–44]. It is also consistent 
with a cross-sectional study that reported that depression 
was associated with lower ART adherence and viral sup-
pression among FSW living with HIV in the DR as well as 
in Tanzania [21].

Contradictory to a review study among FSW [22], this study 
did not find illicit drug use in relation to subsequent depressive 
symptoms or that depressive symptoms served as a media-
tor in the relationship between substance use and subsequent 
ART non-adherence. One possible reason for this might be that 
depressive symptoms are common in this sample of FSW liv-
ing with HIV with little variation among participants. It is also 
possible that depressive symptoms may be an independent risk 
factor for reduced ART adherence, in addition to substance use. 
The negative relationship between at-risk drinking at T2 and 
depressive symptoms at T3 as shown in the mediation model 
(Fig. 2b) is unexpected and might be explained by the possibil-
ity that alcohol acts as a sedative [45, 46] among FSW with 
mild-severe depression. However, this finding reflects only a 
one-year period. As reported by other studies, long-term at-
risk drinking negatively impacts the health of PLWH [47, 48].

Limitations of this study must be discussed. First, ART 
non-adherence was self-reported. However, we assessed the 
relationship between ART non-adherence and viral non-sup-
pression based on objectively measured viral load, and ART 
non-adherence had predictive validity of viral non-suppres-
sion. Second, we had a modest sample size. Future studies 
need to include a larger sample to repeat these analyses, 
especially on the relation between at-risk drinking and ART 
non-adherence. In addition, given that two-thirds of partici-
pants had mild-severe depression at T1, the lack of varia-
tion in depressive symptoms might also reduce the power to 
detect the mediation effect of depressive symptoms. These 
findings among a sample of FSW living with HIV where 
over half are suffering from mild-severe depression need to 
be replicated before being generalized to other populations 

living with HIV. Lastly, although we found a temporal rela-
tionship between substance use or depressive symptoms and 
subsequent ART non-adherence, this finding does not neces-
sarily indicate a causal relationship. Future research might 
assess these relationships with intensive, short-term diary 
studies to advance our understanding of the dynamics.

In summary, this study adds to epidemiological evi-
dence based on rigorous longitudinal analyses and contrib-
utes to the understanding of ART non-adherence among 
FSW living with HIV, a multiply marginalized population. 
Between 16 and 27% of participants were not virally sup-
pressed at each assessment over time. One unit increase 
in ART non-adherence reduced the likelihood of HIV 
viral suppression by 50%, underscoring the importance of 
promoting ART adherence to ensure viral suppression in 
FSW living with HIV. Findings suggest that it is critical 
to prevent and treat both substance use and depression 
among FSW through integrated interventions to improve 
HIV outcomes in this key population. In addition, more 
studies need to be conducted to understand the mecha-
nisms underlying prior substance use in relation to later 
ART non-adherence among FSW living with HIV.
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