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Abstract 

Adolescent girls and young women (AGYW) in sub-Saharan Africa are at substantial 

risk of HIV acquisition and could benefit from oral pre-exposure prophylaxis (PrEP) 

for HIV prevention. Substance use may result in poor adherence, diminishing PrEP 

effectiveness. The effects of substance use on PrEP adherence in AGYW within the 

African context have not been extensively studied. We sought to determine the prev-

alence of substance use and its association with PrEP adherence in AGYW enrolled 

in an HIV prevention trial. The HIV Prevention Trials Network (HPTN) 082 study 

enrolled healthy, HIV-negative, sexually active young women (16–25 years) from 

Cape Town, Johannesburg, South Africa, and Harare, Zimbabwe, between October 

2016–2018. Participants were offered oral PrEP. Data on hazardous drinking was col-

lected using the AUDIT-C questionnaire and defined as having an AUDIT-C score ≥3. 

Data on substance use was collected using the abridged ASSIST questionnaire, with 

responses categorized as 0 (never used a substance) and 1 (ever substance use). 

Tenofovir-diphosphate (TFV-DP) levels in dried blood spots at weeks 13, 26, and 52 

were used to measure PrEP adherence. Low adherence was defined as TFV-DP 

concentration <700 fmol/punch. Repeated measure multinomial regression modeling 

was used to determine associations between substance use and hazardous drinking 

vs PrEP adherence. Of the 451 participants enrolled, 427 (95%) initiated PrEP. The 

prevalence of hazardous drinking and substance use at baseline was 37% and 24%, 

respectively. Hazardous drinking was highest in Cape Town (53%). Substance use 

was highest in Johannesburg (31%). Cannabis (7%) and sedatives (6%) were the 
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most frequently used substances. Hazardous drinking (aOR=1.55, 95%CI = 1.05-

2.29) was associated with increasing odds of low PrEP adherence. Substance use 

was not associated with low PrEP adherence. There is a need for increased screen-

ing for hazardous drinking and substance use and its integration within PrEP pro-

grams in AGYW in Africa.

Introduction

According to UNAIDS, in 2022, 210,000 adolescent girls and young women (AGYW), 
between the ages of 15 and 24, were diagnosed with HIV globally, with the great-
est incidence being in Eastern and Southern Africa [1]. Six in seven HIV infections 
among adolescents in sub-Saharan Africa (SSA) occurred in girls, with AGYW being 
three times more likely to become HIV-positive compared to their age-matched male 
counterparts [2,3]. The HIV incident rate in Zimbabwe among AGYW is three times 
more than that in young men; in South Africa, 35% of all new infections occur among 
AGYW [4,5]. Increased vulnerability in this population has been attributed to various 
socio-economic factors, including gender inequality, violence, poverty, stigma and 
discrimination surrounding sexuality, and lack of access to sexual reproductive health 
care education and services such as pre-exposure prophylaxis (PrEP) [2,6]. The 
provision of oral PrEP in the form of tenofovir and emtricitabine (TDF/FTC), which 
is a safe and effective HIV prevention tool, has therefore been prioritized for use 
among AGYW in southern African countries like South Africa and Zimbabwe [7–11]. 
However, randomized controlled trials amongst young African women have shown 
PrEP non-efficacy, mostly due to PrEP non-adherence in this population [12–14]. It is 
therefore imperative to identify and address potential barriers to PrEP use in AGYW 
in Africa.

Hazardous substance use, which is defined as the harmful and continued use of 
alcohol, illegal drugs, or pharmaceuticals (including over-the-counter medications) 
for non-prescription purposes, is a growing global public health concern amongst 
adolescents and young people in the region [15,16]. Alcohol and substance use in 
AGYW specifically has been on the increase despite the social and cultural beliefs 
surrounding the use of substances by women in the African setting [17]. Alcohol 
is reported to be the most commonly used psychoactive substance in Africa, with 
systematic reviews showing a prevalence of alcohol use by adolescents in Southern 
Africa ranging from 23.1 to 40.82% [18–21]. South Africa is reported to have a higher 
prevalence of hazardous drinking, with population-based studies showing a preva-
lence of 19% compared to 4.5% in Zimbabwe [22,23]. The prevalence of substance 
use in Southern Africa specifically is estimated to be 37%, with cannabis being the 
most commonly used substance in both Zimbabwe and South Africa [24]. However, 
emerging data is showing an increase in the use of stimulants such as cocaine and 
methamphetamine, opiates, prescription medicines, and cough syrups by adoles-
cents under the age of 19 years in both countries [25,26].
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Substance use during adolescence and young adulthood is thought to cause reduced cognitive function and  
decision-making capacity, resulting in increased risky sexual behavior and the inability to utilize HIV prevention tools such 
as condoms and PrEP [15,27,28]. Studies among gay, bisexual, and other men who have sex with men have shown that 
substance use may result in decreased PrEP adherence or PrEP discontinuation [28,29]. However, to our knowledge, 
there is no published data examining the impact that alcohol and substance use has on PrEP uptake and adherence 
among AGYW in Southern Africa.

Data on the nature, extent, and potential impact of substance use in AGYW in the African context could be critical for 
informing the successful design and rollout of PrEP programs and policies in this sub-population. Therefore, to fill this 
knowledge gap, we aimed to determine the prevalence of substance use and hazardous drinking, and their associations 
with PrEP uptake and persistence, among AGYW at risk of HIV acquisition in Zimbabwe and South Africa.

Methods

Ethical statement

Ethical approvals for the parent protocol were obtained from the University of Cape Town Faculty of Health Sciences 
(reference number: 129/2016), the University of Witwatersrand, Human Research Ethics Committee (reference number: 
160304), and the University of Zimbabwe Joint Research Ethics Committee (reference Number: 27/16). All participants 
provided written informed consent in English or their local language of choice. Participants retained a signed copy of the 
informed consent form. Following local regulations, participants below the legal age for consent provided assent, and 
parents or guardians provided informed consent [30]. All procedures and data analyzed in this sub-analysis were collected 
in the parent protocol and approved by the parent protocol ethics approval.

Study design and setting

This analysis uses data from a prospective randomized controlled study conducted by the HIV Prevention Trials Network 
(HPTN), called HPTN 082 [ClinicalTrials.gov NCT02732730]. HPTN 082 evaluated PrEP uptake, persistence, and the 
effect of drug level feedback on PrEP adherence among AGYW in three study sites in Harare, Zimbabwe, Cape Town, 
and Johannesburg South Africa [30]. The HPTN 082 study enrolled 451 sexually active, HIV-negative young women aged 
16–25 years, who were at risk of HIV according to the Vaginal and Oral Interventions to Control the Epidemic (VOICE) 
risk score from October 2016 to October 2018 [30]. The VOICE risk score is a validated tool that uses a point system 
to screen and identify women at risk of HIV acquisition in Eastern and Southern Africa [31]. Enrolled participants were 
offered PrEP and randomized to receive either standard adherence support which included adherence counseling, 2-way 
SMS that allowed participants to receive and send messages thereby enabling them to respond, and adherence clubs. 
Participants could also be randomized to the enhanced adherence support arm, which had all components of the standard 
adherence support but with added drug-level feedback from dried blood spot (DBS) concentrations of intracellular  
tenofovir-diphosphate (TFV-DP). Participants were followed up for 12 months and tested for HIV and pregnancy at every 
visit. The results of the HPTN 082 study showed a decrease in PrEP adherence with continued study participation as 
measured by TFV-DP DBS levels, and no difference in PrEP adherence when comparing standard adherence support 
versus enhanced adherence support [30]. In this paper, we evaluated the role of substance use and hazardous drinking 
on PrEP adherence among participants enrolled in HPTN 082 who completed at least one follow-up visit.

Study procedures and data collection

AGYW who consented to HPTN 082, and initiated PrEP received a month’s supply of oral TDF/FTC at enrolment and 
monthly for the first three months, then quarterly thereafter. DBS samples for storage were collected at study visits where 
oral PrEP was dispensed, including the exit visit. DBS samples were used to measure intracellular TFV-DP concentrations 
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(fmol/punch). Intracellular TFV-DP concentrations at weeks 13, 26, and 52 were used as an indicator of PrEP adherence. 
As per the main study, low adherence, which does not offer optimal HIV prevention protection, was defined as having 
TFV-DP concentration <700 fmol/punch (which ranged from below the limit of quantification to 699 fmol/punch), indicative 
of taking 3 or fewer tablets per week on average [30].

At screening and subsequent visits where women received oral PrEP, standardized Computer-Assisted Self-Interview 
(CASI) questionnaires were completed in a language of their choice, where data on participant characteristics, including 
socioeconomic variables, sexual behaviors, mental health, and alcohol and drug use, were collected. Data on hazard-
ous drinking was collected using the Alcohol Use Disorder Identification Test-Concise (AUDIT-C) questionnaire [32]. The 
AUDIT-C is a validated brief version of the AUDIT questionnaire that is used to identify hazardous drinking or alcohol use 
disorders in an individual. The questionnaire comprises three questions, with each response scoring between 0–4 points. 
The complete questionnaire can be scored on a scale of 0–12. Hazardous drinking is defined as having an AUDIT-C score 
≥3 in women, in line with National Institute of Health and National Institute of Drug Abuse (NIDA) guidelines [32].

The frequency of use of different illicit substances was collected using one question of the Alcohol, Smoking and Sub-
stance Involvement Screening Test (ASSIST) questionnaire [33]. Participants were asked to indicate how often they had 
used cannabis, cocaine, amphetamine-type stimulants, inhalants, sedatives/sleeping pills, hallucinogens, opioids, pre-
scription drugs for non-prescription purposes, or any other substance in the past month. Responses were scored between 
0 (never used a substance) and 4 (daily use of substance). In addition, participants were also asked in a separate ques-
tion if they had ever used a needle to inject a drug.

Exposure and outcome variables

Hazardous drinking was defined as having an AUDIT-C score ≥3, while substance use was classified as the use of any 
substances listed in the questionnaire in the past month. Substance use was categorized as none (score = 0) and ever 
substance use (score = 1) based on the responses from the frequency of substance use reported.

The outcome variable was PrEP adherence, measured by TFV-DP concentrations in DBS samples. PrEP drug concen-
tration was categorized into 3 categories: i) BLQ – 349 fmol/punch (fewer than two tablets a week), ii) 350 –699 fmol/punch 
(two to three tablets a week), and iii) >700 fmol/punch (four or more tablets a week). Low PrEP adherence was defined as 
having intracellular TFV-DP concentration <700 fmol/punch. Other explanatory variables included age, site, and educa-
tional level. Age was divided into three categories: 16–17 years, 18–21 years, and 22–26 years, per parent protocol. Sites 
were categorized as Harare, Cape Town, and Johannesburg. Lastly, education level was categorized into four categories, 
namely ‘no schooling’, ‘primary school’, ‘secondary school’, and ‘college or university’.

Data analysis

Data analysis was conducted using SAS v.9.4. The data collected is available for public viewing on Dryad [34]. The prev-
alence of alcohol and substance use was analyzed for all participants who initiated PrEP. In addition, the prevalence of 
polysubstance use and the use of a needle to inject a substance was also determined. To further understand the associ-
ation between substance use, hazardous drinking, and PrEP adherence, we compared the mean TFV-DP concentrations 
against AUDIT-C and ever substance use by site and by visit. We used a repeated measures multinomial regression 
model to determine the association between substance use and hazardous drinking, and with PrEP adherence over time. 
Independent variables were hazardous drinking, as defined by the AUDIT-C score, and substance use as defined by the 
ever use of substances listed in the CASI. The reference for all the independent variables was the lowest values (<3 for 
the AUDIT-C score and never for substance use). The outcome variable was PrEP adherence, measured by TFV-DP 
concentrations in DBS samples. PrEP drug concentration was categorized into 3 categories: i) BLQ – 349 fmol/punch 
(fewer than two tablets a week), ii) 350 –699 fmol/punch (two to three tablets a week), and iii) >700 fmol/punch (four or 
more tablets a week). Low PrEP adherence was defined as having intracellular TFV-DP concentration <700 fmol/punch. 
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The model was adjusted for site, age, and education level as these covariates could affect PrEP adherence. The model 
provided unadjusted and adjusted odds ratios and confidence intervals.

Results

Sociodemographic characteristics of PrEP acceptors

A total of 451 AGYW were enrolled in the study, and 427 (95%) initiated PrEP (Fig 1). Participant characteristics are 
shown in Table 1. The majority (56.0%) of the AGYW were 18–21 years of age and had a secondary school education 
(86.9%). The distribution of participants across sites was similar, with the Johannesburg site enrolling 142 (33.2%) accep-
tors whilst the Cape Town site enrolled 140 (32.8%). The Zimbabwe site had 145 (34.0%) PrEP acceptors.

Fig 1.  Participant Eligibility Flow Chart.

https://doi.org/10.1371/journal.pgph.0004750.g001

Table 1.  Baseline demographics of PrEP acceptors by site. 

Overall Harare Cape Town Johannesburg

Total Participants Enrolled 427 145 (34.0%) 140 (32.8%) 142 (33.2%)

Age (years)

  16 – 17 27 (6.3%) 10 (6.9%) 15(10.7%) 2 (1.4%)

  18 – 21 239 (56.0%) 72 (49.7%) 98 (70.0%) 69 (48.6%)

  22 – 26 161 (37.7%) 63 (43.4%) 27 (19.3%) 71 (50.0%)

Education

  No Schooling 0 (0.0%) 0 (0.0%) 0 (0.0%) 0 (0.0%)

  Primary School 9 (2.1%) 7 (4.8%) 1 (0.7%) 1 (0.7%)

  Secondary School 371 (86.9%) 136 (93.8%) 126 (90.0%) 109 (76.8%)

  College or University 47 (11.0%) 2(1.4%) 13 (9.3%) 32(22.5%)

  Participant currently in school 161 (37.7%) 8 (5.5%) 63 (45.0%) 90 (63.4%)

  Participant ever dropped out of school 125 (29.3%) 58 (40.0%) 45 (32.1%) 22 (15.5%)

https://doi.org/10.1371/journal.pgph.0004750.t001

https://doi.org/10.1371/journal.pgph.0004750.g001
https://doi.org/10.1371/journal.pgph.0004750.t001
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Baseline alcohol and substance use of PrEP acceptors

At baseline, over half of the women (57%) reported ever consuming alcohol, while one-third (37%) reported never having 
had alcohol (Table 2). Reported alcohol use was higher at the two South African sites, with 74% and 69% of women at 
the Cape Town and Johannesburg sites reporting alcohol use, respectively, compared to 30% at the Harare site. Overall, 
a third (37%, 95% CI [33%, 42%]) of young women had an AUDIT-C score greater than or equal to 3 and were classified 
as hazardous drinkers. Hazardous drinking was most prevalent among young women from the Cape Town site (53%), 
followed by the Johannesburg site (44%), and the Harare site (16%).

Most women (74%) reported never using any illicit substances. Approximately one-quarter (24%, 95% CI [19%, 28%]) 
of participants reported taking any substance in the past month. Self-reported substance use was higher in Johannesburg 

Table 2.  Baseline proportions of alcohol and substance use of PrEP acceptors by Site. 

Overall
(N = 427) [(95% CI])*

Harare
(N = 145)

Cape Town
(N = 140)

Johannes-
burg
(N = 142)

How often do you have a drink containing alcohol 
(including Zed)?

  Never 158 (37.0%) 95 (66.0%) 24 (17.0%) 39 (27.0%)

  Monthly or less 132 (31.0%) 26 (18.0%) 49 (35.0%) 57 (40.0%)

  2 to 4 times a month 87 (20.0%) (0.15, 0.22) 11 (8.0%) 41 (29.0%) 35 (25.0%)

  2 to 3 times a week 23 (5.0%) (0.03, 0.07) 4(3.0%) 13 (9.0%) 6 (4.0%)

  4 or more times a week 3 (1.0%) (0.00, 0.01) 1(1.0%) 2 (1.0%) 0 (0.0%)

  Prefer not to answer 22 (5.0%) 8(6.0%) 10 (7.0%) 4 (3.0%)

  Missing 2 (<1.0%) 0 (0.0%) 1 (1.0%) 1 (1.0%)

Audit Score

  <3 (Nonhazardous drinking) 259 (60.7%) 118 (81.4%) 63 (45.0%) 78 (55.0%)

  >=3(hazardous drinking) 160 (37.0%) (0.33, 0.42) 23 (16.0%) 74 (53.0%) 63 (44.0%)

  Missing 8 (2.0%) 4 (3.0%) 3 (2.0%) 1 (1.0%)

Do you take any kind of substances?

  No 317 (74.0%) 110 (76.0%) 112 (80.0%) 95 (67.0%)

  Yes 102 (24.0%) (0.19, 0.28) 32 (22.0%) 26 (19.0%) 44 (31.0%)

  Prefer not to answer/ Missing 8 (2.0%) 3 (2.0%) 2/ (1.0%) 3 (2.0%)

Have you ever used a needle to inject drugs?

  No 419 (98.0%) 144 (99.0%) 136 (97.0%) 139 (98.0%)

  Yes 5 (1.0%) 1 (1.0%) 2 (1.0%) 2 (1.0%)

  Prefer not to answer 1 (<1.0%) 0 (0.0%) 1 (1.0%) 0 (0.0%)

  Missing 2 (<1.0%) 0 (0.0%) 1 (1.0%) 1 (1.0%)

Have you used a needle to inject drugs in the past 
month?

  No 419 (98.0%) 144 (99.0%) 136 (97.0%) 139 (98.0%)

  Yes 5 (1.0%) 1 (1.0%) 2 (1.0%) 2 (1.0%)

  Prefer not to answer 1 (<1.0%) 0 (0.0%) 1 (1.0%) 0 (0.0%)

  Missing 2 (<1.0%) 0 (0.0%) 1 (1.0%) 1 (1.0%)

Polysubstance use and alcohol use

  Both Alcohol and Substance Users 74 (17.3%) 15 (10.3%) 23 (16.4%) 36 (25.4%)

  Poly Substance Users 54 (12.7%) 24(16.5%) 9 (6.4%) 21 (14.8%)

*Selective 95% CI on overall proportions.

https://doi.org/10.1371/journal.pgph.0004750.t002

https://doi.org/10.1371/journal.pgph.0004750.t002
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(31%), followed by Harare and then Cape Town. As seen in Table 2, 17.3% (74) of women reported using both alcohol 
and a substance in the past month, while 12.7% (54) used more than one substance other than alcohol in the past month. 
Concurrent use of alcohol and substances was more common in Johannesburg, while polysubstance use was most com-
mon in Harare. Five women (1%) reported ever using a needle to inject substances across all sites.

The prevalence of use of different substances at baseline is shown in Table 3. The most used substances at baseline 
were cannabis (7%) followed by sedatives or sleeping pills (6.0%), and prescription drugs for non-prescription purposes 
(5.9%).

Table 3.  Baseline prevalence of different substances. 

Substance Use n(%) (N = 427) 95% CI

MARIJUANA) Cannabis, also called marijuana, pot, grass, dakka, dagga or hash

  Never 382 (89.5) [0.86, 0.92]

  Ever 30 (7.0) [0.05, 0.09]

  Prefer not to answer/missing data 15 (3.5) [0.02, 0.06]

Cocaine, also called coke or crack

  Never 392 (91.8) [0.89, 0.94]

  Ever 18 (4.2) [0.03, 0.07]

  Prefer not to answer/missing data 17(4.0) [0.03, 0.06]

Amphetamine-type stimulants, for example speed, diet pills, Tik/Crystal Meth or ecstasy

  Never 397 (92.9) [0.90, 0.95]

  Ever 13 (3.1) [0.02, 0.05]

  Prefer not to answer/missing data 17 (4.0) [0.03, 0.06]

Inhalants, for example, nitrous, glue, petrol, and paint thinner.

  Never 407 (95.3) [0.93, 0.97]

  Ever 5 (1.2) [0.01, 0.03]

  Prefer not to answer/missing date 15 (3.5) [0.02, 0.06]

Sedatives or sleeping pills, for example, serepax, rohypnol, quaaludes/mandrax

  Never 388 (90.9) [0.88, 0.93]

  Ever 26 (6.0) [0.04, 0.09]

  Prefer not to answer/missing data 13 (3.1) [0.02, 0.05]

Hallucinogens, for example, LSD, acid, mushrooms, PCP, Special K

  Never 394 (92.3) [0.89, 0.94]

  Ever 18 (4.2) [0.03, 0.07]

  Prefer not to answer/missing data 15 (3.5) [0.02, 0.06]

Opioids, for example, heroin (including nyaope/whoonga), morphine, methadone, etc.

  Never 405 (94.9) [0.92, 0.97]

  Ever 7 (1.6) [0.01, 0.03]

  Prefer not to answer/missing data 15 (3.5) [0.02, 0.06]

Prescription drugs for non-prescription purposes, for example, codeine (including cough mix-
ture), efavirenz, valium

  Never 390 (91.3) [0.88, 0.94]

  Ever 25 (5.9) [0.04, 0.09]

  Prefer not to answer/missing data 12 (2.8) [0.02, 0.05]

Other

  Never 283 (66.3) [0.62, 0.71]

  Ever 29 (6.8) [0.05, 0.10]

  Prefer not to answer/missing data 115 (26.9) [0.23, 0.31]

https://doi.org/10.1371/journal.pgph.0004750.t003

https://doi.org/10.1371/journal.pgph.0004750.t003
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Hazardous drinking and substance use by study visit

As seen in Table 4, the proportion of young women reporting hazardous drinking remained relatively constant during the 
study, ranging from 33-37%. In contrast, the proportion of participants reporting substance use decreased over time, from 
24.0% at baseline to 16.7% at study exit. The prevalence of substance use was highest at baseline (24%) and decreased 
at the week 13 visit (18.1%), the week 26 visit (16.2%), and at the week 52 visit (16.7%).

PREP adherence

PrEP adherence, defined as having intracellular TFV-DP concentration greater than 700 fmol/punch, decreased with study 
participation as seen in Table 5 below. PrEP adherence was highest at the week 13 visit (24.6%) and lowest at the study 
exit visit (8.7%). PrEP adherence was higher at the Johannesburg site compared to other sites with continued study par-
ticipation (S1 Table).

Association between PrEP concentration, hazardous drinking, and substance use

Table 6 describes the proportion of women who were hazardous drinkers or substance users, who were low PrEP adheres 
with TFV-DP concentrations below 700 fmol/punch. As seen in Table 6, among women who were hazardous drinkers or 
substance users, the majority had low levels of TFV-DP and were low PrEP adherers. In addition, adherence to PrEP 
decreased with continued study participation. This is further shown in S1 Fig and S2 Fig, which show the TFV-DP concen-
tration in hazardous drinkers and substance users by site.
After adjusting for the study site, age, and education level, Hazardous drinking was associated with increased odds of 
low PrEP adherence, as shown in Table 7. Women classified as hazardous drinkers, with an AUDIT-C score of>=3, were 
55.02% more likely to be low adherers compared to those with an AUDIT-C score <3 (aOR=1.55, 95% CI = 1.05- 2.29, 
p = 0.0265) (Table 7).

Women who reported any substance use had 1.41 times increased odds of having low TFV-DP concentrations com-
pared to women who did not report any substance use (aOR= 1.41aOR=1.41, 95% CI = 0.92- 2.16, p = 0.1145). However, 
this association was not statistically significant, as seen in Table 8.

Discussion

Our study found a comparable prevalence of alcohol use, hazardous drinking, and substance use among African AGYW. 
Hazardous drinking was associated with low adherence to PrEP. However, there was no association between substance 
use and low PrEP adherence. Hazardous drinking and substance use were highest at the beginning of the study and 
declined with continued study participation. The use of a needle to inject substances was rare. Cannabis was the most 
used substance, followed by sedatives and prescription drugs for non-prescription purposes.

Table 4.  Proportions of alcohol and substance use among PrEP acceptors by study visit. 

Outcome Week 13
(N = 370)

Week 26
(N = 364)

Week 52
(N = 347)

AUDIT-C Score (Max score = 10)

  <3 (Non-Hazardous Drinking) 224 (60.5%) 215 (59.1%) 208 (59.9%)

  >=3(hazardous drinking) 122 (33%) 128 (35.1%) 123 (35.4%)

  Prefer not to answer/ Missing 24 (6.5%) 21 (5.8%) 16 (4.6%)

Ever consumed any substance

  No 291 (78.7%) 295 (81.0%) 279 (80.4%)

  Yes 67 (18.1%) 59 (16.2%) 58 (16.7%)

  Prefer not to answer/ Missing 12 (3.2%) 10 (2.8%) 10 (2.9%)

https://doi.org/10.1371/journal.pgph.0004750.t004

https://doi.org/10.1371/journal.pgph.0004750.t004
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Lifetime alcohol use in our study (57%) was comparable to that reported in the African Region, with the WHO reporting 
55.5% of people between 15 and 24 years being current drinkers in 2016 [18]. Alcohol use among adolescents (10–19 
years) is highest in Southern Africa, where our study is located, with an estimated prevalence of 40.82% in 2016 [24]. 
Hazardous alcohol use in South Africa, specifically, is considered an increasing public health concern as the country 
is reported to have the highest alcohol consumption in Africa, with the prevalence of harmful drinking being as high as 

Table 5.  PrEP DBS Adherence by Visits. 

Week 13
(N = 370)

Week 26
(N = 364)

Week 52
(N = 347)

PrEP DBS Drug Adherence

  BLQ – 349 fmol/punch 193 (52.2%) 248 (68.1%) 294 (84.7%)

  350 –700 fmol/punch 86 (23.2%) 40 (11.0%) 23 (6.6%)

  >700 fmol/punch 91 (24.6%) 76 (20.9%) 30 (8.7%)

https://doi.org/10.1371/journal.pgph.0004750.t005

Table 6.  PrEP DBS Adherence by Hazardous drinkers & Substance Users by Visits. 

Week 13 Week 26 Week 52

Hazardous 
drinkers1

(n = 122)

Substance users2

(n = 67)
Hazardous 
drinkers1

(n = 128)

Substance users2

(n = 59)
Hazardous 
drinkers1

(n = 123)

Substance 
users2

(n = 58)

BLQ – 349 fmol/punch 60 (49.2%) 31 (46.3%) 89 (69.5%) 37 (62.7%) 102 (82.9%) 45 (77.6%)

350 –700 fmol/punch 32 (26.2%) 14 (20.9%) 12 (9.4%) 7 (11.9%) 8 (6.5%) 6 (10.3%)

>700 fmol/punch 30 (24.6%) 22 (32.8%) 27 (21.1%) 15 (25.4%) 13 (10.6%) 7 (12.1%)
1AUDIT-C score is >= 3.
2Any Substance user.

https://doi.org/10.1371/journal.pgph.0004750.t006

Table 7.  Association between PrEP concentration and alcohol use. 

Parameter Odds 
Ratio*

95% CI p-value Unadjusted
Odds Ratio#

Audit-C Score >=3 1.55 (1.05, 2.29) 0.0265 1.08

Audit-C Score <3 REF REF REF 1.00

*Odds ratio accounts for covariates: education level, pooled age group, and site.

The multinomial model has repeated measures of subjects over visits (week 13, 26, 52).
#Unadjusted Odds ratio does not account for covariates, education level, pooled age group, and site.

The multinomial model has repeated measures of subjects over visits (week 13, 26, 52).

https://doi.org/10.1371/journal.pgph.0004750.t007

Table 8.  Association between PrEP concentration and substance use. 

Parameter Odds 
Ratio*

95% CI p-value Unadjusted Odds Ratio#

Substance Use 1.41 (0.92, 2.16) 0.1145 1.44

No Substance Use REF REF REF 1.00

*Odds ratio accounts for covariates: education level, pooled age group, and site.

The multinomial model has repeated measures of subjects over visits (week 13, 26, 52).
#Unadjusted Odds ratio does not account for covariates, education level, pooled age group, and site.

The multinomial model has repeated measures of subjects over visits (week 13, 26, 52).

https://doi.org/10.1371/journal.pgph.0004750.t008

https://doi.org/10.1371/journal.pgph.0004750.t005
https://doi.org/10.1371/journal.pgph.0004750.t006
https://doi.org/10.1371/journal.pgph.0004750.t007
https://doi.org/10.1371/journal.pgph.0004750.t008
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54.3% among female university students in Johannesburg. [17,18,35–37]. This is reflected in our results when considering 
the comparison of not only alcohol consumption but also hazardous drinking by site.

Despite alcohol consumption being predominantly in men, alcohol consumption and hazardous drinking in young 
women seems to be on the increase, characterized by periods of abstinence from alcohol followed by heavy episodic 
drinking, defined as having more than four drinks on one occasion [35,38,39]. Changes in gender norms and roles in 
society, partner influence, and the increased acceptability and accessibility of alcohol to women are thought to be drivers 
of increased alcohol consumption in this population [17,36,38].

Substance use in our study was lower (24%) than that found in other studies, with Olawole-Isaac et al reporting an 
overall prevalence of substance use of 37% in Southern Africa among adolescents in their systematic review [24]. How-
ever, the inclusion of caffeine inclusion use in this review could have resulted in an overestimation of substance use in 
this population, as caffeine is not commonly considered when speaking of illicit substances in the region. Substance use 
in the Zimbabwean cohort was higher than that found in other studies involving females within the Zimbabwean setting. 
A study conducted in 2019, to determine the prevalence of substance use among 10–24-year-old Zimbabwean youth, 
found that 13% of females within the population had used an illicit drug in the past three months [40]. Increased substance 
use among young Zimbabwean women has been attributed to adverse socio-economic conditions that have resulted in 
unemployment, poverty, and young women engaging in sex work and cross-border trading for income generation [41–44]. 
Increased exposure to substance use, coupled with the associated dangers that come with this line of work, necessitates 
the use of illicit substances to cope with various mental and physical pressures endured [41].

Cannabis was the most commonly used substance in this population. This is similar to reports by the United Nations 
Office on Drugs and Crime (UNODC) and WHO, who state that cannabis is the most frequently used substance globally, 
within the African region, and among young African women [17,45,46]. The prevalence of cannabis use in our study was 
higher than the reported population-level prevalence in SSA, with estimates of past cannabis use in the last 6months 6 
months ranging from 4.5% in adolescents and 4.7% in adults in SSA, with the highest prevalence being among South Afri-
can, Zambian and Zimbabwean adolescents [47]. The high prevalence of cannabis use has been attributed to the relative 
ease of access to the substance and differing risk perceptions associated with its use [48]. In addition, the use of cannabis 
is thought to be higher amongst vulnerable populations, such as those at higher risk of HIV acquisition who were enrolled 
in this study [47]. This may account for the higher prevalence that was reported.

Our finding that sedatives and prescription pills for non-prescription purposes were used more than amphetamine-type 
stimulants in this population was unexpected. Amphetamines are considered the second most common substance used 
in SSA [46]. The use of prescription medications, sedatives, and tranquilizers has been shown to be more common in 
women than in their male counterparts [45]. This is because women use these substances for various reasons, including 
weight control, exhaustion brought on by work and family responsibilities, and self-treatment of anxiety, depression, pain, 
and insomnia, conditions that are more common in women than men [45].

We found no association between ever substance use and low PrEP adherence. However, having an AUDIT-C score 
of>=3 was associated with low PrEP adherence. Our conflicting results are not uncommon. Many studies have looked at 
the association between alcohol and substance use with PrEP adherence and have yielded similar results [49]. Studies 
conducted in other high-incidence populations, such as gay and bisexual men who have sex with men and people who 
inject drugs have shown that alcohol and substance use were associated with low PrEP adherence while others have 
not, with more consistent evidence supporting the association being found in stimulant users specifically [28,29,49–51]. 
Such mixed findings have been attributed to methodological limitations associated with substance use research. These 
include variability in data collection methods and interpretation of substance use scores, the grouping of substance use 
into “never use” and “ever use” without taking into consideration the frequency and quantity of substances used, lack of 
collection of detailed substance use data including potential confounders as well as converting of TFV-DP levels from con-
tinuous data to categorical data [49]. Our analysis utilized similar methodological approaches used in previous studies, as 
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it was a sub-analysis of a trial testing the efficacy of an intervention in PrEP users. It was not designed to focus on mea-
suring substance use, and this may have resulted in lost sensitivity when conducting statistical analysis and an inability to 
detect potential or stronger relationships between the variables.

Despite such methodological limitations, we did find an association between hazardous drinking and low PrEP adher-
ence. The use of PrEP among AGYW within southern and eastern Africa has been generally characterized by high initial 
uptake, followed by a gradual decline in adherence and persistence, similar to what was seen in our study [30,52–54]. 
Low PrEP adherence has been attributed to low-risk perception, pill burden, side effects, and lack of social support from 
family, partners, and the clinic due to multidose drug dispensing, resulting in infrequent clinic visits, amongst other rea-
sons [52,55,56]. However, results from our study suggest that hazardous drinking may be an additional driver of low PrEP 
adherence in AGYW.

Adolescence, hazardous drinking, and substance use have been associated with increased sexual behaviors that 
increase the likelihood of HIV acquisition in SSA [17,27,57–59]. Considering this, more robust research designed to mea-
sure and analyze substance use in this population is needed to understand the relationship between hazardous drinking 
and substance use with PrEP adherence in this population, specifically in Southern Africa. Understanding if, and how, 
hazardous drinking and substance use are barriers to PrEP adherence in this context will assist in the development of 
comprehensive behavioral interventions and risk reduction tools targeted at adequately supporting PrEP uptake, adher-
ence, and persistence in AGYW who would stand to benefit from this HIV prevention tool [50]. This is becoming essential 
as different biomedical HIV prevention modalities such as the dapivirine vaginal ring and long-acting injectables become 
available. Lastly, we recommend the integration of substance use and hazardous drinking screening and referral to treat-
ment and harm reduction services within PrEP programs targeted towards AGYW. Screening can be done using validated 
tools by trained staff who are knowledgeable about both substance use and hazardous drinking [28].

This study has several limitations. Firstly, the generalizability of the study results may be limited as the study was 
conducted among a population of AGYW who were enrolled in a clinical trial and who were at high risk of HIV, which 
will likely not be representative of the larger population. Further, both hazardous drinking and substance use were 
determined through self-report and were therefore prone to underreporting due to the stigma and criminalization sur-
rounding their use in our context. Future studies would benefit from more objective measures of hazardous drinking 
and substance use, such as reliable biomarkers. Lastly, the study was conducted at a time of low PrEP awareness 
due to a lack of PrEP guidelines. This could have impacted PrEP adherence levels observed. Despite these limita-
tions, results from this study are supported by previous studies and hold practical implications for the delivery of PrEP 
in southern Africa and similar settings, especially given the dearth of information regarding substance use and hazard-
ous drinking in these settings.

Conclusion

In conclusion, hazardous drinking was associated with low PrEP adherence. Further research is required to determine the 
drivers and impact of substance use in AGYW at risk of HIV acquisition in the African context. This will allow for the imple-
mentation of both biomedical and behavioral interventions, aimed at preventing and treating AGYW substance users and 
informing HIV prevention programs, such as the rollout of PrEP targeted toward AGYW in SSA

Supporting information

S1 Table.  Frequency of different drug use in the past month by visit. 
(DOCX)

S1 Fig.  TFV-DP concentration among participants for different levels of Audit-C score, by site and visit. 
(TIF)

http://journals.plos.org/globalpublichealth/article/asset?unique&id=info:doi/10.1371/journal.pgph.0004750.s001
http://journals.plos.org/globalpublichealth/article/asset?unique&id=info:doi/10.1371/journal.pgph.0004750.s002


PLOS Global Public Health | https://doi.org/10.1371/journal.pgph.0004750  June 18, 2025 12 / 14

S2 Fig.  TFV-DP concentration among participants for different levels of Drug use score, by site and visit. 
(TIF)

Author contributions

Conceptualization: Kudzai Hlahla, Nyaradzo M. Mgodi.

Data curation: Rahul Paul Choudhury.

Formal analysis: Rahul Paul Choudhury.

Funding acquisition: Kudzai Hlahla.

Investigation: Kudzai Hlahla.

Methodology: Kudzai Hlahla, Rahul Paul Choudhury.

Project administration: Kudzai Hlahla.

Resources: Kudzai Hlahla.

Software: Rahul Paul Choudhury.

Supervision: Kudzai Hlahla, Sybil Hosek, Nyaradzo M. Mgodi.

Validation: Kudzai Hlahla.

Visualization: Kudzai Hlahla.

Writing – original draft: Kudzai Hlahla.

Writing – review & editing: Kudzai Hlahla, Bekezela Siziba, Peter L. Anderson, Sinead Delany-Moretlwe, Theodorah 
Rirhandzu Ndzhukule, Sybil Hosek, Nyaradzo M. Mgodi.

References
	 1.	 UNAIDS. The path that ends AIDS, UNAIDS global AIDS update 2023. UNAIDS. 2023.

	 2.	 In Danger: UNAIDS Global AIDS Update 2022.UNAIDS, 2022.

	 3.	 UNAIDS Global HIV & AIDS Statistics Fact Sheet 2022.UNAIDS, 2022.

	 4.	 Govender K, Beckett S, Reddy T, Cowden RG, Cawood C, Khanyile D, et al. Association of HIV Intervention Uptake With HIV Prevalence in 
Adolescent Girls and Young Women in South Africa. JAMA Netw Open. 2022;5(4):e228640. https://doi.org/10.1001/jamanetworkopen.2022.8640 
PMID: 35452103

	 5.	 Pachena A, Musekiwa A. Trends in HIV Testing and Associated Factors among Adolescent Girls and Young Women in Zimbabwe: Cross-Sectional 
Analysis of Demographic and Health Survey Data from 2005 to 2015. Int J Environ Res Public Health. 2022;19(9):5165. https://doi.org/10.3390/
ijerph19095165 PMID: 35564557

	 6.	 UNAIDS. Women and HIV: A spotlight on adolescent girls and young women. 2019.

	 7.	 WHO implementation tool for pre-exposure prophylaxis (PrEP) of HIV infection. Module 1: Clinical. Geneva: World Health Organization. 2017.

	 8.	 South African National Department of Health. Guidelines for the provision of pre-exposure prophylaxis (PrEP) to persons at substantial risk of HIV 
infection. 1. 2020.

	 9.	 National Medicines and Therapeutic Policy Advisory Committee (NMTPAC) AC. Guidelines for prevention, testing, and treatment of HIV in Zimba-
bwe. 2022.

	10.	 World Health Organization. WHO implementation tool for pre-exposure (PrEP) of HIV infection: Module 12 adolescents and young adults. 2018.

	11.	 Fonner VA, Dalglish SL, Kennedy CE, Baggaley R, O’Reilly KR, Koechlin FM, et al. Effectiveness and safety of oral HIV preexposure prophylaxis 
for all populations. AIDS. 2016;30(12):1973–83. https://doi.org/10.1097/QAD.0000000000001145 PMID: 27149090

	12.	 Sidebottom D, Ekström AM, Strömdahl S. A systematic review of adherence to oral pre-exposure prophylaxis for HIV - how can we improve uptake 
and adherence?. BMC Infect Dis. 2018;18(1):1–14.

	13.	 Van Damme L, Corneli A, Ahmed K, Agot K, Lombaard J, Kapiga S, et al. Preexposure prophylaxis for HIV infection among African women. N Engl 
J Med. 2012;367(5):411–22. https://doi.org/10.1056/NEJMoa1202614 PMID: 22784040

	14.	 Marrazzo JM, Ramjee G, Richardson BA, Gomez K, Mgodi N, Nair G, et al. Tenofovir-based preexposure prophylaxis for HIV infection among 
African women. N Engl J Med. 2015;372(6):509–18. https://doi.org/10.1056/NEJMoa1402269 PMID: 25651245

http://journals.plos.org/globalpublichealth/article/asset?unique&id=info:doi/10.1371/journal.pgph.0004750.s003
https://doi.org/10.1001/jamanetworkopen.2022.8640
http://www.ncbi.nlm.nih.gov/pubmed/35452103
https://doi.org/10.3390/ijerph19095165
https://doi.org/10.3390/ijerph19095165
http://www.ncbi.nlm.nih.gov/pubmed/35564557
https://doi.org/10.1097/QAD.0000000000001145
http://www.ncbi.nlm.nih.gov/pubmed/27149090
https://doi.org/10.1056/NEJMoa1202614
http://www.ncbi.nlm.nih.gov/pubmed/22784040
https://doi.org/10.1056/NEJMoa1402269
http://www.ncbi.nlm.nih.gov/pubmed/25651245


PLOS Global Public Health | https://doi.org/10.1371/journal.pgph.0004750  June 18, 2025 13 / 14

	15.	 Jumbe S, Mwenda-Kamninga T, Mwalwimba I, Kalu UG. Determinants and effects of adolescent substance use in Africa: A systematic review 
protocol. 2020. 1–6.

	16.	 Substance use - Health, United States [Internet]. CDC 2023 [cited 2024 Mar 19]. Available from: https://www.cdc.gov/nchs/hus/sources-definitions/
substance-use.htm#print

	17.	 Obeng CS, Obeng-Gyasi B. African Young Women and Alcohol and Substance Abuse. The Palgrave Handbook of African Women’s Studies. 2021. 
p. 2353–73.

	18.	 Hammer JH, Parent MC, Spiker DA; World Health Organization. Global status report on alcohol and health 2018. Vol. 65, Global status report on 
alcohol. 2018. 74–85 p.

	19.	 Morojele NK, Ramsoomar L, Dumbili EW, Kapiga S. Adolescent Health Series - Alcohol, tobacco, and other drug use among adolescents in 
sub-Saharan Africa: A narrative review. Trop Med Int Health. 2021;26(12):1528–38. https://doi.org/10.1111/tmi.13687 PMID: 34637175

	20.	 Belete H, Yimer TM, Dawson D, Espinosa DC, Ambaw F, Connor JP, et al. Alcohol use and alcohol use disorders in sub-Saharan Africa: A system-
atic review and meta-analysis. BMJ Open. 2024;14(2):1–7.

	21.	 Ntho TA, Themane MJ, Sepadi MD, Phochana TS, Sodi T, Quarshie EN-B. Prevalence of alcohol use and associated factors since COVID-
19 among school-going adolescents within the Southern African Development Community: a systematic review protocol. BMJ Open. 
2024;14(2):e080675. https://doi.org/10.1136/bmjopen-2023-080675 PMID: 38413145

	22.	 Peltzer K, Ramlagan S. Alcohol Use Trends in South Africa. Journal of Social Sciences. 2009;18(1):1–12. https://doi.org/10.1080/09718923.2009.1
1892661

	23.	 Hlahla K, Azizi SC, Simms V, Chikwari CD, Dauya E, Bandason T, et al. Prevalence of substance and hazardous alcohol use and their association 
with risky sexual behaviour among youth: based findings from a population- survey in Zimbabwe. 2024;1–9.

	24.	 Olawole-Isaac A, Ogundipe O, Amoo EO, Adeloye DO. Substance use among adolescents in sub-Saharan Africa: a systematic review and 
meta-analysis. S Afr J CH. 2018;12(2b):79. https://doi.org/10.7196/sajch.2018.v12i2b.1524

	25.	 Onaolapo OJ, Olofinnade AT, Ojo FO, Adeleye O, Falade J, Onaolapo AY. Substance use and substance use disorders in Africa: An epidemio-
logical approach to the review of existing literature. World J Psychiatry. 2022;12(10):1268–86. https://doi.org/10.5498/wjp.v12.i10.1268 PMID: 
36389088

	26.	 Understanding drug use and substance abuse by Zimbabwean adolescents and young people. UNICEF 2023;1–8.

	27.	 Schantz K. Substance Use and Sexual Risk Taking in Adolescence: A Time for Taking Chances. 2012;1–9.

	28.	 Oldfield BJ, Edelman EJ. Addressing Unhealthy Alcohol Use and the HIV Pre-exposure Prophylaxis Care Continuum in Primary Care: A Scoping 
Review. AIDS Behav. 2021;25(6):1777–89. https://doi.org/10.1007/s10461-020-03107-6 PMID: 33219492

	29.	 Shuper PA, Joharchi N, Bogoch II, Loutfy M, Crouzat F, El-Helou P, et al. Alcohol consumption, substance use, and depression in relation 
to HIV Pre-Exposure Prophylaxis (PrEP) nonadherence among gay, bisexual, and other men-who-have-sex-with-men. BMC Public Health. 
2020;20(1):1782. https://doi.org/10.1186/s12889-020-09883-z PMID: 33256651

	30.	 Celum C, Hosek S, Tsholwana M, Kassim S, Mukaka S, Dye BJ, et al. PrEP uptake, persistence, adherence, and effect of retrospective drug 
level feedback on PrEP adherence among young women in southern Africa: Results from HPTN 082, a randomized controlled trial. PLoS Med. 
2021;18(6):e1003670. https://doi.org/10.1371/journal.pmed.1003670 PMID: 34143779

	31.	 Balkus JE, Brown ER, Palanee-phillips T, Matovu F, Mgodi N, Naidoo L. HHS Public Access. 2019;77(October 2016):1–6.

	32.	 NIDA Clinical Trials Network Alcohol Use Disorders Identification Test-Concise (AUDIT-C). NIDA 2003;(1998):1998.

	33.	 Rachel H; World Health Organization. The alcohol, smoking and substance involvement screening test (ASSIST): manual for use in primary care. 
2010.

	34.	 Association between substance use and PrEP adherence among AGYW enrolled in a HIV prevention study (HPTN 082). DRYAD. 2025. [cited 
2025 May 6. Available from: https://doi.org/10.5061/dryad.bzkh189n9

	35.	 Morojele NK, Ramsoomar L. Addressing adolescent alcohol use in South Africa. S Afr Med J. 2016;106(6):551. https://doi.org/10.7196/samj.2016.
v106i6.10944

	36.	 Ferreira-Borges C, Parry CDH, Babor TF. Harmful Use of Alcohol: A Shadow over Sub-Saharan Africa in Need of Workable Solutions. Int J Environ 
Res Public Health. 2017;14(4):346. https://doi.org/10.3390/ijerph14040346 PMID: 28346373

	37.	 Chen C, Mpinganjira MG, Motilal A, Matukane S, Letsoalo R, McKee T, et al. Prevalence and correlates of alcohol use and risky drinking among 
undergraduate students in Johannesburg, South Africa: a cross-sectional study. BMC Psychiatry. 2023;23(1):553. https://doi.org/10.1186/s12888-
023-05043-w PMID: 37528398

	38.	 Kalichman SC, Simbayi LC, Kaufman M, Cain D, Jooste S. Alcohol use and sexual risks for HIV/AIDS in sub-Saharan Africa: systematic review of 
empirical findings. Prev Sci. 2007;8(2):141–51. https://doi.org/10.1007/s11121-006-0061-2 PMID: 17265194

	39.	 GBD 2016 Alcohol and Drug Use Collaborators. The global burden of disease attributable to alcohol and drug use in 195 countries and territories, 
1990-2016: a systematic analysis for the Global Burden of Disease Study 2016. Lancet Psychiatry. 2018;5(12):987–1012. https://doi.org/10.1016/
S2215-0366(18)30337-7 PMID: 30392731

	40.	 Matutu V, Mususa D. Drug and alcohol abuse among young people in Zimbabwe: A crisis of morality or public health problem. SSRN Electronic 
Journal. 2019.

https://www.cdc.gov/nchs/hus/sources-definitions/substance-use.htm#print
https://www.cdc.gov/nchs/hus/sources-definitions/substance-use.htm#print
https://doi.org/10.1111/tmi.13687
http://www.ncbi.nlm.nih.gov/pubmed/34637175
https://doi.org/10.1136/bmjopen-2023-080675
http://www.ncbi.nlm.nih.gov/pubmed/38413145
https://doi.org/10.1080/09718923.2009.11892661
https://doi.org/10.1080/09718923.2009.11892661
https://doi.org/10.7196/sajch.2018.v12i2b.1524
https://doi.org/10.5498/wjp.v12.i10.1268
http://www.ncbi.nlm.nih.gov/pubmed/36389088
https://doi.org/10.1007/s10461-020-03107-6
http://www.ncbi.nlm.nih.gov/pubmed/33219492
https://doi.org/10.1186/s12889-020-09883-z
http://www.ncbi.nlm.nih.gov/pubmed/33256651
https://doi.org/10.1371/journal.pmed.1003670
http://www.ncbi.nlm.nih.gov/pubmed/34143779
https://doi.org/10.5061/dryad.bzkh189n9
https://doi.org/10.7196/samj.2016.v106i6.10944
https://doi.org/10.7196/samj.2016.v106i6.10944
https://doi.org/10.3390/ijerph14040346
http://www.ncbi.nlm.nih.gov/pubmed/28346373
https://doi.org/10.1186/s12888-023-05043-w
https://doi.org/10.1186/s12888-023-05043-w
http://www.ncbi.nlm.nih.gov/pubmed/37528398
https://doi.org/10.1007/s11121-006-0061-2
http://www.ncbi.nlm.nih.gov/pubmed/17265194
https://doi.org/10.1016/S2215-0366(18)30337-7
https://doi.org/10.1016/S2215-0366(18)30337-7
http://www.ncbi.nlm.nih.gov/pubmed/30392731


PLOS Global Public Health | https://doi.org/10.1371/journal.pgph.0004750  June 18, 2025 14 / 14

	41.	 Box W. The increase in women who use drugs in Zimbabwe. The impact of global drug policy on women: shifting the needle. 2020. p. 141–5.

	42.	 Blessing NM, Mhizha S, Wilson A, Nhunzvi C. Understanding the nature of substance use in Zimbabwe: State of the art and ways forward: A scop-
ing review protocol. medRxiv. 2022. https://doi.org/10.1101/2022.07.18.22277771

	43.	 Mukwenha S, Murewanhema G, Madziva R, Dzinamarira T, Herrera H, Musuka G. Increased illicit substance use among Zimbabwean adolescents 
and youths during the COVID-19 era: an impending public health disaster. Addiction. 2022;117(4):1177–8. https://doi.org/10.1111/add.15729 PMID: 
34729833

	44.	 Muswerakuenda FF, Mundagowa PT, Madziwa C, Mukora-Mutseyekwa F. Access to psychosocial support for church-going young people recov-
ering from drug and substance abuse in Zimbabwe: a qualitative study. BMC Public Health. 2023;23(1):723. https://doi.org/10.1186/s12889-023-
15633-8 PMID: 37081488

	45.	 Global Overview: Drug Demand. World Drug Report 2. Global Overview: Drug Demand, Drug Supply. UNODC 2022. 107 p.

	46.	 Substance Abuse | WHO | Regional Office for Africa. World Health Organisation, 2018. Available from: https://www.afro.who.int/health-topics/
substance-abuse

	47.	 Belete H, Mekonen T, Espinosa DC, Ambaw F, Connor J, Chan G, et al. Cannabis use in sub-Saharan Africa: A systematic review and meta- 
analysis. Addiction. 2023;118(7):1201–15. https://doi.org/10.1111/add.16170 PMID: 36807954

	48.	 World Drug Report 2018: Drugs and Age; Drugs and associated issues among young people and older people. 2018. 1–59 p.

	49.	 Gebru NM, Canidate SS, Liu Y, Schaefer SE, Pavila E, Cook RL. Substance Use and Adherence to HIV Pre-Exposure Prophylaxis in Studies 
Enrolling Men Who Have Sex with Men and Transgender Women: A Systematic Review. AIDS and Behavior. 2023;27:2131–62.

	50.	 Viamonte M, Ghanooni D, Reynolds JM, Grov C, Carrico AW. Running with Scissors: a Systematic Review of Substance Use and the Pre- 
exposure Prophylaxis Care Continuum Among Sexual Minority Men. Curr HIV/AIDS Rep. 2022;19(4):235–50. https://doi.org/10.1007/s11904-022-
00608-y PMID: 35701713

	51.	 Felsher M, Ziegler E, Amico KR, Carrico A, Coleman J, Roth AM. “PrEP just isn’t my priority”: Adherence challenges among women who inject 
drugs participating in a pre-exposure prophylaxis (PrEP) demonstration project in Philadelphia, PA USA. Soc Sci Med. 2021;275:113809. https://
doi.org/10.1016/j.socscimed.2021.113809 PMID: 33735778

	52.	 Rousseau-Jemwa E, Bekker LG, Bukusi E, Delany-Moretlwe S, Omollo V, Traveill D. Early persistence of HIV pre-exposure prophylaxis (PrEP) in 
African adolescent girls and young women (AGYW) from Kenya and South Africa. AIDS Res Hum Retroviruses. 2018;17(9):1028.

	53.	 de Dieu Tapsoba J, Zangeneh SZ, Appelmans E, Pasalar S, Mori K, Peng L, et al. Persistence of oral pre-exposure prophylaxis (PrEP) among 
adolescent girls and young women initiating PrEP for HIV prevention in Kenya. AIDS Care. 2021;33(6):712–20. https://doi.org/10.1080/09540121.2
020.1822505 PMID: 32951437

	54.	 Celum CL, Gill K, Morton JF, Stein G, Myers L, Thomas KK. Incentives conditioned on tenofovir levels to support PrEP adherence among young 
South African women: a randomized trial. J Int AIDS Soc. 2020;23(11):1–10.

	55.	 Stoner MCD, Rucinski KB, Giovenco D, Gill K, Morton JF, Bekker LG. Trajectories of PrEP Adherence Among Young Women Aged 16 to 25 in 
Cape Town, South Africa. AIDS Behavior. 2021;25(7):2046–53.

	56.	 Muhumuza R, Ssemata AS, Kakande A, Ahmed N, Atujuna M, Nomvuyo M, et al. Exploring Perceived Barriers and Facilitators of PrEP Uptake 
among Young People in Uganda, Zimbabwe, and South Africa. Arch Sex Behav. 2021;50(4):1729–42. https://doi.org/10.1007/s10508-020-01880-y 
PMID: 33954824

	57.	 Morojele N, Nkosi S, Kekwaletswe C. Review of Research on Alcohol and Hiv in Sub-Saharan Africa. South African Medical Research Council. 
2013;(February):2011–4.

	58.	 Chersich MF, Rees HV. Causal links between binge drinking patterns, unsafe sex and HIV in South Africa: its time to intervene. Int J STD AIDS. 
2010;21(1):2–7. https://doi.org/10.1258/ijsa.2000.009432 PMID: 20029060

	59.	 Lang D. Individual and Family Development, Health, and Well-being. 2022.

https://doi.org/10.1101/2022.07.18.22277771
https://doi.org/10.1111/add.15729
http://www.ncbi.nlm.nih.gov/pubmed/34729833
https://doi.org/10.1186/s12889-023-15633-8
https://doi.org/10.1186/s12889-023-15633-8
http://www.ncbi.nlm.nih.gov/pubmed/37081488
https://www.afro.who.int/health-topics/substance-abuse
https://www.afro.who.int/health-topics/substance-abuse
https://doi.org/10.1111/add.16170
http://www.ncbi.nlm.nih.gov/pubmed/36807954
https://doi.org/10.1007/s11904-022-00608-y
https://doi.org/10.1007/s11904-022-00608-y
http://www.ncbi.nlm.nih.gov/pubmed/35701713
https://doi.org/10.1016/j.socscimed.2021.113809
https://doi.org/10.1016/j.socscimed.2021.113809
http://www.ncbi.nlm.nih.gov/pubmed/33735778
https://doi.org/10.1080/09540121.2020.1822505
https://doi.org/10.1080/09540121.2020.1822505
http://www.ncbi.nlm.nih.gov/pubmed/32951437
https://doi.org/10.1007/s10508-020-01880-y
http://www.ncbi.nlm.nih.gov/pubmed/33954824
https://doi.org/10.1258/ijsa.2000.009432
http://www.ncbi.nlm.nih.gov/pubmed/20029060

