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Abstract

Background.
Structural interventions are endorsed to enhance biomedical and behavioural HIV prevention programmes for adolescents. Aiming to inform future
interventions, we evaluated longitudinal associations between six structural factors and �ve HIV risk practices in a cohort of adolescents in South Africa.

Methods.
We used three rounds of data between 2014–2018 on 1046 adolescents living with HIV and 483 age-matched community peers in South Africa’s Eastern Cape
(Observations = 4402). We used multivariable random effects within-between logistic regression to estimate sex-speci�c associations between six time-
varying structural factors − number of social grants, education enrolment, days with enough food, caregiver supervision, positive caregiving, and adolescent-
caregiver communication − and �ve HIV risk practices − multiple sexual partners, transactional sex, age-disparate sex, condomless sex, and sex on substances.
We calculated probability differences, contrasting predicted probabilities at average and maximum values of structural factors associated with multiple risk
practices.

Findings.
The sample mean age was 15.29 (SD: 3.23) years and 58% were female. In females, compared to average, maximum positive caregiving scores were
associated with lower probability of transactional sex (-1.06 percentage points [ppts], 95%CI=-1.60; -0.52ppts), and age-disparate sex (-0.73ppts; 95%CI=-1.26;
-0.19ppts); maximum caregiver supervision scores were associated with lower probability of multiple sexual partners (-3.11ppts; 95%CI=-3.87; -2.35ppts)
transactional sex (-1.07ppts, 95%CI=-1.42; -0.71ppts), age-disparate sex (-0.67ppts; 95%CI=-1.08; -0.25ppts), condomless sex (-3.96ppts; 95%CI=-5.65;
-2.26ppts), and sex on substances (-0.93ppts; 95%CI=-1.50; -0.37ppts); and, seven days with enough food was associated with lower probability of multiple
sexual partners (-1.18ppts, 95%CI=-2.06; -0.30ppts), and transactional sex (-0.91ppts; 95%CI=-1.41; -0.42ppts). Relative to non-enrolment, education enrolment
was associated with lower probability of age-disparate sex (-3.18ppts; 95%CI=-5.35; -1.01ppts), and condomless sex (-11.32ppts; 95%CI=-19.15; -3.49ppts). In
males, compared to average, maximum caregiver supervision scores were associated with lower probability of multiple sexual partners (-2.83ppts;
95%CI=-3.66; -2.00ppts), transactional sex (-0.90ppts; 95%CI=-1.20; -0.60ppts), age-disparate sex (-0.46ppts; 95%CI=-0.77; -0.15ppts), and sex on substances
(-1.42ppts; 95%CI=-2.06; -0.78ppts). No other structural factors were associated with multiple risk practices.

Interpretation.
Structural interventions to improve food security and education enrolment among adolescent girls, and positive and supervisory caregiving among adolescent
girls and boys are likely to translate into crucial reductions in HIV risk.

Introduction
In Southern and Eastern Africa, rates of new HIV infections among adolescents and young adults remain well above the Joint United Nations Programme on
HIV/AIDS (UNAIDS) elimination targets, at around 220 per 100,000 in 2021 [1, 2]. Within the region, South Africa concentrates 27% of new infections among
15–24 year-olds, despite accounting for only 10% of this population. Adolescent girls and young women face the most severe risk, experiencing incidence
rates four times higher than their male peers [3, 4].

Key sexual practices, are known to enhance and perpetuate adolescents’ risk of acquiring or transmitting HIV. Low rates of HIV testing and HIV status
disclosure to partners means that condomless sex is a key driver of HIV transmission between sexual partners, especially for vertically infected adolescents
[5–8]. Other practices associated with HIV infection include early sexual debut, multiple sexual partners, transactional sex, age-disparate sex, and substance
use [9–12]. Acquiring HIV adds a signi�cant burden to adolescence and young adulthood, with challenges related to adherence to antiretroviral therapy,
stigma and discrimination, and higher morbidity and mortality [13–15].

Adolescents’ experience of sexual risk practices are shaped by structural factors like poverty, gender inequalities harmful social norms, and access to services
[16, 17]. Structural interventions, such as cash transfers, have been endorsed as crucial for enhancing the effects of core HIV prevention programmes like
condom distribution, social and behaviour change communication, PrEP, and school based prevention [18]. More recently, there has been growing research into
the relative effectiveness of combining different structural interventions for preventing HIV risk (e.g. cash transfers ‘plus’ parenting support) [19]. Several
evaluations of ‘combination’ structural interventions are underway, including PEPFAR’s Determined, Resilient, Empowered, AIDS-free, Mentored and Safe
(DREAMS) partnership [20–26]. High-quality observational studies should complement these trials by investigating natural levels of structural factors among
adolescents and their in�uence of HIV risk practices.

Aiming to generate timely evidence around effective targets for ‘combination’ structural interventions for HIV prevention among adolescents, we evaluate
simultaneous associations between six key structural factors and engagement in �ve HIV risk practices in South Africa. All analyses are disaggregated by sex,
enabling investigation of the distinct in�uences of structural factors among adolescent girls and boys.

Methods



Page 3/17

The study was a longitudinal analysis using three waves of data from adolescents living with HIV, and community peers, participating in the Mzantsi Wakho
(‘Our South Africa’) cohort in the Eastern Cape Province, South Africa [27].

The Eastern Cape is one of the two poorest provinces in South Africa with a Human Development Index of around 0.66, as compared to 0.71 nationally, and
61% of households receiving at least one social grant, as compared to 46% nationally in 2019 [28, 29]. The 2017 South Africa National HIV Prevalence,
Incidence, Behaviour and Communication Survey (SABSSM) estimated that 12% of Eastern Cape inhabitants aged 15–24 were living with HIV, and nationally
11% and 5% of female and male 15–24 year-olds were living with HIV, respectively [30].

We report the analysis according to the Strengthening the Reporting of Observational Studies in Epidemiology checklist, Table S1 [31].

Study sample. Adolescents and young adults aged 10 to 19 at baseline who had ever initiated HIV care, alongside cohabiting or neighbouring community
peers, were recruited in the Amathole District and Buffalo City Metropolitan municipalities of the Eastern Cape between March 2014 and September 2015. All
health facilities providing ART to adolescents in the study location were included in the sampling frame (n = 53). In each health facility, paper and electronic
clinical �les were reviewed to identify adolescents who had ever initiated ART, irrespective of current or past health service attendance. There was 90% uptake
at baseline and 93% and 91% survey follow-up between November 2015 and March 2017 (~ 17 months), and between April 2017 and March 2018 (~ 31
months), respectively. An additional 34 adolescents that had initiated HIV care but were not interviewed during the �rst wave were recruited during the second
wave, together with 10 additional community peers.

Ethics. Ethical approvals were obtained from the University of Oxford [SSD/CUREC2/12–21; R43892/RE003], University of Cape Town [CSSR 2013/4; CSSR
2019/01], Provincial Departments of Health and Basic Education, health facilities and schools. All adolescents and primary caregivers (where adolescents
were under 18 years) gave voluntary informed consent, read aloud in cases of low literacy. No �nancial incentives were given for participation, but adolescents
received a certi�cate and small gift pack with snacks and toiletries. Interviews took place in Xhosa or English, according to participant choice. Con�dentiality
was maintained except when participants disclosed serious risk of harm to themselves or others, in which case safeguarding processes were followed.
Reports of recent abuse, rape or suicidality were immediately supported with access to post-exposure prophylaxis, pregnancy prevention and child protection
measures.

Measures. Measures and scales were pre-piloted with a group of local adolescent advisors, and feedback on questionnaire design was given by the South
African National Departments of Health, Basic Education, and Social Development, the South African National AIDS Council, UNICEF, PEPFAR, USAID and local
NGOs. All questionnaires are available at www.youngcarers.org.za.

HIV risk practices. We assessed �ve high-risk practices for HIV infection, using questions adapted from the National Survey of HIV and Risk Behaviour
amongst young South Africans, the PREPARE trial and the Child Behavior Checklist Youth Self-Report [32, 33]. (1) Multiple sexual partners, as reporting more
than one sexual partner; (2) Transactional sex, as reporting receipt of money, drinks, clothes, mobile airtime, a place to stay, lifts in a car/taxi, better marks at
school, school fees, food, or other kinds of material exchange for having sex with someone; (3) Age disparate sex, as reporting a sexual partner at least �ve
years older; (4) Condomless sex, as reporting not using a condom for the duration of sex at least once; (5) Sex on substances, as reporting having sex after
drinking or using drugs. All �ve practices were reported with a recall period of 12 months, except for transactional sex at wave one, which was reported with a
recall period of six months.

Hypothesised structural factors. We evaluated six structural factors hypothesised to be associated with lower odds of engaging in risky sexual practices. (1)
Number of social grants, as the total number of South African Social Security Agency (SASSA) grants received by the adolescent and their household; (2)
Positive caregiving, as a sum of the six items that make up the positive caregiving subscale of the Alabama Parenting Questionnaire scale, which considers
warmth and praise from a primary caregiver (range: 0–24) [34]; (3) Caregiver supervision, as a sum of the reverse scores of 10 items that make up the
monitoring & supervision subscale of the Alabama Parenting Questionnaire scale, which include setting rules about coming home in evenings, and knowing
who an adolescent is friends with (range: 0–40, higher score indicated better supervision) [34]; (4) Adolescent-Caregiver communication, as a sum of �ve
items from the Child-Parent Communication Apprehension Scale for use with Young Adults [35]. The scale asks about adolescent-caregiver overall
communication as well as communication on sensitive issues, such as medication and sex (range: 0–25); (5) Education enrolment, as currently attending
school at wave one and two, and currently attending school, university, college, further education or training at wave three; (6) Days with enough food at home,
as the number of days in the week before the survey with enough food at home. A full summary of questions, and response options relating to HIV risk
practices and structural factors is provided in Table S2.

Covariates. We included eight covariates: HIV status at baseline, participant age, rural/urban household location, informal/shack housing, number of
household residents (including participant), maternal orphanhood, paternal orphanhood, and an indicator of study wave. Participant HIV status was assessed
using clinical �les from municipality health facilities.

Data analysis. We used four steps in Stata 15. All analyses were disaggregated by sex as there is evidence that structural factors may act differently on HIV
risk practices amongst females and males [36]. First, we described sociodemographic characteristics, structural factors, and HIV risk practices overall, by
adolescent sex, and by sex, age, and HIV status.

Second, we estimated multivariable associations between our six structural factors and each HIV risk behaviour controlling for key covariates using the
random-effects within-between (REWB) modelling framework described in Bell, Fairbrother, and Jones. 2019 [37]. The value of this framework is its
decomposition of time-varying predictors into two distinct constituent sources of variation: (i) between-person comparison of individuals’ average value of a
structural factor over study waves; and (ii) within-person comparisons of individual deviation from their average value of a structural factor at each wave. We
began by estimating a REWB model (Model 1) including separate within- and between-person effects for time-varying structural factors, and controlling for all
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eight covariates [37]. The Wald Test was used to compare pairs of within- and between-person coe�cients for equality [38]. We then estimated a second
model (Model 2) that only included separate within- and between-person effects where there was evidence that they were likely to differ signi�cantly according
to the Wald Test (p < 0.05). Throughout our analysis, structural factors were considered as either household-level (number of social grants, positive caregiving,
caregiver supervision, and adolescent-caregiver communication), or individual-level (education enrolment and food security). We did not adjust for individual-
level factors when investigating household-level structural factors, as they were likely to lie on the causal pathway to study outcomes [39].

Third, for structural factors found to be signi�cantly associated with lower odds of multiple HIV risk practices (either via between-person, within-person, or
combined effects) we calculated adjusted probabilities of study outcomes �xing structural factors to ‘0: No’ and ‘1: Yes’ for binary variables and to ‘mean’ and
‘maximum’ for continuous variables. In most cases, maximum scores lay within one standard deviation (SD) of the mean value. Adjusted probabilities were
calculated overall, and �xing HIV status to either “0. Not living with HIV” and “1. Living with HIV”. Our prioritisation of structural factors associated with
multiple outcomes is motivated by the UNDP ‘accelerator’ concept, which calls for greater focus on approaches to improve multiple outcomes simultaneously
[40, 41].

Fourth, as a robustness check for whether variation in structural factors temporally preceded HIV risk practices, we evaluated the association between prior
(lagged) structural factors and outcomes measured at the subsequent waves. We used the same approach as for our main analysis, except that among
males, we were unable to consider separate within- and between-person effects for education enrolment because of minimal within-person variation.

Results
The sample included 1563 adolescents, and the total number of observations included in the analysis was 4402, Figure S1. Respondents lost to follow-up
data collection were older (p < 0.001) and lived in larger households (p = 0.04) in an urban location (p = 0.03), Table S3. Compared to adolescents living with
HIV, community peers at baseline were on average six months older, less likely to be maternally or paternally orphaned, and lived in larger households (all p < 
0.001), Table S4. Median time between �rst and �nal interview was 951 days. Missing values for all variables were < 10%, except for sex on substances, which
was not measured at wave one, Table S5.

Summary of descriptive characteristics. Fifty-eight percent of respondents were female and 70% were living with HIV, Table 1. The average age of respondents
was 15.29 (SD: 3.23), 26% lived in a rural area, 15% lived in informal housing, 41% were maternally orphaned, 34% were paternally orphaned, and the mean
household size was 6.50 (SD: 4.06), Table 1. Compared to males, females were older (p < 0.001), lived in larger households (p = 0.022), and were more likely to
live in informal housing (p = 0.003). They were less likely to be enrolled in education (p < 0.001), and on average, reported fewer days with enough food at
home last week (p < 0.001). Between- and within-person variability in time-varying structural factors was higher among females, except for within-person
variability in caregiver supervision, which was higher among males.
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Table 1
Characteristics of participants overall and by sex over three waves of data collection.

  Overall

N = 1563

Obs = 4402

n %

Female

N = 906

Obs = 2530

n %

Male

N = 657

Obs = 1872

n %

p-valuea

Sociodemographics        

Age, mean (SD) [range] 15.29 (3.23) [10–24] 15.78 (3.39) [10–24] 14.63 (2.88) [10–23] < .001

Living with HIV 3086 (70) 1738 (69) 1348 (72) 0.743

Rural location 1132 (26) 688 (27) 444 (24) 0.088

Informal housing 639 (15) 412 (16) 227 (12) 0.003

Maternal orphan 1796 (41) 983 (39) 813 (43) 0.511

Paternal orphan 1518 (34) 836 (33) 682 (36) 0.053

Household size, mean (SD) [range] 6.39 (3.00) [1–19] 6.51 (3.01) [1–19] 6.22 (2.97) [1–19] 0.022

Structural factors        

Number of social grants, mean (SD) [range] 3.16 (2.21) [0–10] 3.23 (2.23) [0–10] 3.07 (2.16) [0–10] 0.833

(Between SD) (1.88) (1.92) (1.83)  

(Within SD) (1.30) (1.34) (1.25)  

Positive caregiving, mean (SD) [range] 18.93 (5.24) [0–24] 18.95 (5.39) [0–24] 18.89 (5.04) [0–24] 0.778

(Between SD) (3.58) (3.78) (3.30)  

(Within SD) (3.92) (3.96) (3.86)  

Caregiver supervision, mean (SD) [range] 33.74 (7.79) [0–40] 33.98 (7.70) [0–40] 33.41 (7.89) [0–40] 0.052

(Between SD) (5.63) (5.77) (5.43)  

(Within SD) (5.53) (5.29) (5.85)  

Adolescent-caregiver communication, mean (SD) [range] 7.24 (2.77) [0–20] 7.21 (2.87) [0–20] 7.28 (2.61) [0–20] 0.220

(Between SD) (1.81) (1.91) (1.68)  

(Within SD) (2.14) (2.22) (2.03)  

Education enrolment 3817 (87) 2040 (84) 1767 (94) < .001

(Between SD) (0.30) (0.36) (0.19)  

(Within SD) (0.22) (0.25) (0.17)  

Days with enough food at home last week, mean (SD) [range] 6.53 (1.07) [0–7] 6.46 (1.14) [0–7] 6.62 (0.97) [0–7] < .001

(Between SD) (0.76) (0.82) (0.67)  

(Within SD) (0.77) (0.81) (0.70)  

Sexual practices        

Sexual debut 1516 (34) 1035 (41) 481 (26) < .001

Multiple sexual partnersb 625 (14) 346 (14) 279 (15) 0.481

Transactional sexc 224 (5) 161 (6) 63 (3) < .001

Age-disparate sexd 238 (5) 182 (7) 56 (3) < .001

Condomless sexb 758 (17) 561 (22) 197 (11) < .001

Sex on substancese 202 (5) 103 (4) 99 (5) 0.156

1519 participants were �rst interviewed at wave one of data collection, and 44 participants were �rst interviewed at wave two of data collection.
aEstimated from univariable random effects regression to account for clustered nature of data. b42 observations missing data. c56 observations missing
data. d120 observations missing data. e1561 observations missing data upon entry into the study as sex on substances was only measured at waves two
and three. Abbreviations: Obs, observations; HIV, human immunode�ciency virus; SD, standard deviation.

[Table 1 about here.]
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The two most prevalent HIV risk practices were multiple sexual partners and condomless sex, followed by transactional sex, age-disparate sex, and sex on
substances, Table 1. Females were more likely to report transactional sex (p < 0.001), age-disparate sex (p < 0.001), and condomless sex (p < 0.001). Compared
to adolescents aged 11–19 years, prevalence of all �ve practices were signi�cantly higher among young adults aged 20–25 years (p < 0.001), Fig. 1.
Compared to their peers not living with HIV, females living with HIV were signi�cantly less likely to report condomless sex (p < 0.001) and sex on substances (p 
= 0.03), and males living with HIV were less likely to report multiple sexual partners (p < 0.001), condomless sex (p < 0.001), and sex on substances (p < 0.001),
Fig. 1. Correlations between study outcomes, and univariable associations between structural factors and outcomes, are summarised in Table S6 and Table
S7, respectively.

[Figure 1 about here]

Regression analyses. In models without explanatory variables, values of intra-class correlation (ICC) were > 0.5 for all outcomes − indicating a high correlation
between latent HIV risk practices within the same participant across different waves − except for transactional sex in females (ICC = 0.44) and males (ICC = 
0.20), age-disparate sex in males (ICC = 0.44), and condomless sex in males (ICC = 0.33), Table S8.

Multivariable associations between hypothesised structural factors and HIV risk practices. In model 1, among females, between- and within-person
coe�cients differed signi�cantly for caregiver supervision in relation to multiple sexual partners, condomless sex, and sex on substances; education
enrolment in relation to transactional sex and condomless sex; and number of days with enough food in relation to transactional sex, Table 2. Among males,
between- and within-person coe�cients only differed signi�cantly for education enrolment in relation to condomless sex, Table 2.
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Table 2
Multivariable associations between hypothesised structural factors and HIV risk practices in female and males. N = 1563, Observations = 4402.

  Multiple sexual partners Transactional sex Age-disparate sex Condomless sex Sex on substa

  Model 1 Model 2 Model 1 Model 2 Model 1 Model 2 Model 1 Model 2 Model 1

  aOR
(95%CI)

pc aOR
(95%CI);
pd

aOR
(95%CI)

pc aOR
(95%CI);
pd

aOR
(95%CI)

pc aOR
(95%CI);
pd

aOR
(95%CI)

pc aOR
(95%CI);
pd

aOR
(95%CI)

pc

Female                            

Household-level
factorsb

                         

Number of social
grants

                         

Between 1.00
(0.85–
1.18)

0.915   0.98
(0.82–
1.17)

0.952   0.96
(0.79–
1.16)

0.129   1.10
(0.96–
1.24)

0.862   0.95
(0.74–
1.23)

0.1

Within 0.99
(0.86–
1.14)

    0.99
(0.83–
1.18)

    1.15
(0.96–
1.37)

    1.08
(0.97–
1.21)

    0.75
(0.56–
1.01)

 

Combined     0.99
(0.88–
1.12);
0.871

    0.99
(0.86–
1.14);
0.875

    1.06
(0.91–
1.22);
0.466

    1.09
(0.99–
1.20);
0.070

   

Positive caregiving                          

Between 1.01
(0.95–
1.07)

0.237   0.93
(0.88–
0.98)

0.628   0.95
(0.89–
1.01)

0.632   1.01
(0.96–
1.05)

0.575   1.03
(0.96–
1.11)

0.7

Within 0.97
(0.93-
1.00)

    0.95
(0.90–
0.99)

    0.96
(0.92–
1.01)

    0.99
(0.96–
1.02)

    1.05
(0.97–
1.14)

 

Combined     0.98
(0.95–
1.01);
0.179

    0.94
(0.91–
0.97);
<.001

    0.96
(0.92–
0.99);
0.017

    1.00
(0.97–
1.02);
0.718

   

Caregiver supervision                          

Between 0.90
(0.86–
0.93)

< .001 0.90
(0.86–
0.93);
<.001

0.92
(0.89–
0.96)

0.224   0.94
(0.90–
0.98)

0.139   0.94
(0.91–
0.97)

< .001 0.94
(0.91–
0.97);
<.001

0.86
(0.81–
0.91)

0.0

Within 1.02
(0.99–
1.04)

  1.02
(0.99–
1.04);
0.170

0.95
(0.93–
0.98)

    0.98
(0.95–
1.01)

    1.01
(0.99–
1.03)

  1.01
(0.99–
1.03);
0.427

0.98
(0.93–
1.02)

 

Combined           0.94
(0.92–
0.96);
<.001

    0.97
(0.94–
0.99);
0.005

         

Adolescent-caregiver
communication

                       

Between 0.94
(0.85–
1.05)

0.378   1.11
(0.99–
1.24)

0.662   0.93
(0.83–
1.05)

0.343   1.01
(0.93–
1.09)

0.437   0.95
(0.82–
1.10)

0.6

Within 1.00
(0.94–
1.07)

    1.08
(0.99–
1.17)

    1.00
(0.92–
1.08)

    0.97
(0.92–
1.02)

    0.90
(0.78–
1.03)

 

Combined     0.98
(0.93–
1.04);
0.543

    1.09
(1.02–
1.16);
0.014

    0.98
(0.92–
1.04);
0.507

    0.98
(0.94–
1.02);
0.401

   

Coe�cients for additional covariates are available in Table S7. aSex on substances was only measured at wave two and wave three. bWe did not adjust for ed
enrolment and days with three meals as we expected them to lie on the causal pathway between receipt of social grants and study outcomes.cWald p-value f
across pairs of within-person and between-person coe�cients. A signi�cant p-value indicates that pairs of coe�cients are different from one another. dWald 
signi�cance. A signi�cant p-value indicates that a coe�cient is signi�cantly different from 1.00. Abbreviations: aOR, adjusted odds ratio; CI, con�dence interv
Under Curve.
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  Multiple sexual partners Transactional sex Age-disparate sex Condomless sex Sex on substa

Variance
components

                         

Intercept 2.52   2.52 1.10   1.11 2.10   2.05 1.59   1.59 3.43  

Goodness of �t                          

AUC 0.96   0.96 0.93   0.93 0.96   0.96 0.93   0.93 0.99  

Individual-level
factors

                         

Education enrolment                          

Between 1.34
(0.76–
2.37)

0.536   1.48
(0.85–
2.58)

0.293   0.40
(0.21–
0.77)

0.241   0.36
(0.23–
0.56)

< .001 0.40
(0.23–
0.69);
<.001

0.79
(0.31–
1.97)

0.9

Within 1.70
(1.05–
2.76)

    2.29
(1.21–
4.30)

    0.69
(0.37–
1.31)

    1.23
(0.81–
1.87)

  0.94
(0.57–
1.54);
0.797

0.83
(0.26–
2.68)

 

Combined     1.07
(0.68–
1.68);
0.763

    1.45
(0.85–
2.46);
0.168

    0.44
(0.26–
0.74);
0.002

         

Days with three
meals

                         

Between 0.90
(0.73–
1.10)

0.902   0.75
(0.62–
0.90)

0.479   1.09
(0.85–
1.39)

0.741   0.87
(0.75–
1.02)

0.067   0.98
(0.67–
1.45)

0.6

Within 0.91
(0.79–
1.05)

    0.82
(0.70–
0.96)

    1.14
(0.93–
1.40)

    1.04
(0.93–
1.17)

  1.10
(0.96–
1.26);
0.186

0.87
(0.60–
1.25)

 

Combined     0.84
(0.73–
0.96);
0.009

    0.78
(0.68–
0.90);
<.001

    1.15
(0.95–
1.38);
0.145

         

Variance
components

                         

Intercept 2.68   2.61 0.69   1.15 2.04   2.13 1.33   1.53 3.32  

Goodness of �t                          

AUC 0.96   0.96 0.94   0.94 0.96   0.96 0.93   0.93 0.98  

Male                            

Household factorsb                          

Number of social
grants

                         

Between 1.06
(0.87–
1.29)

0.939   1.04
(0.84–
1.29)

0.878   0.98
(0.75–
1.28)

0.719   1.07
(0.92–
1.23)

0.762   1.02
(0.80–
1.30)

0.6

Within 1.05
(0.89–
1.23)

    1.02
(0.81–
1.28)

    0.92
(0.70–
1.20)

    1.10
(0.95–
1.27)

    1.10
(0.84–
1.43)

 

Combined     1.05
(0.92–
1.20);
0.449

    1.03
(0.87–
1.22);
0.697

    0.95
(0.77–
1.16);
0.623

    1.08
(0.97–
1.21);
0.141

   

Positive caregiving                          

Coe�cients for additional covariates are available in Table S7. aSex on substances was only measured at wave two and wave three. bWe did not adjust for ed
enrolment and days with three meals as we expected them to lie on the causal pathway between receipt of social grants and study outcomes.cWald p-value f
across pairs of within-person and between-person coe�cients. A signi�cant p-value indicates that pairs of coe�cients are different from one another. dWald 
signi�cance. A signi�cant p-value indicates that a coe�cient is signi�cantly different from 1.00. Abbreviations: aOR, adjusted odds ratio; CI, con�dence interv
Under Curve.
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  Multiple sexual partners Transactional sex Age-disparate sex Condomless sex Sex on substa

Between 1.02
(0.93–
1.11)

0.752   0.99
(0.90–
1.08)

0.258   1.03
(0.91–
1.16)

0.711   1.05
(0.99–
1.12)

0.626   1.06
(0.96–
1.18)

0.8

Within 1.00
(0.95–
1.05)

    0.92
(0.86–
0.99)

    1.00
(0.93–
1.08)

    1.07
(1.02–
1.12)

    1.05
(0.97–
1.14)

 

Combined     1.00
(0.96–
1.05);
0.854

    0.95
(0.90-
1.00);
0.041

    1.01
(0.95–
1.08);
0.759

    1.06
(1.02–
1.10);
0.001

   

Caregiver supervision                          

Between 0.91
(0.87–
0.96)

0.439   0.92
(0.88–
0.97)

0.392   0.94
(0.88-
1.00)

0.882   0.97
(0.94–
1.01)

0.344   0.89
(0.83–
0.95)

0.2

Within 0.93
(0.91–
0.96)

    0.95
(0.91–
0.99)

    0.95
(0.90–
0.99)

    1.00
(0.97–
1.02)

    0.94
(0.89–
0.99)

 

Combined     0.93
(0.90–
0.95);
<.001

    0.94
(0.91–
0.97);
<.001

    0.94
(0.91–
0.98);
0.003

    0.99
(0.97–
1.01);
0.253

   

Adolescent-caregiver
communication

                       

Between 1.04
(0.91–
1.20)

0.987   1.06
(0.92–
1.22)

0.620   0.90
(0.74–
1.10)

0.348   0.96
(0.87–
1.06)

0.998   0.98
(0.83–
1.16)

0.5

Within 1.04
(0.96–
1.13)

    1.01
(0.90–
1.14)

    1.01
(0.88–
1.15)

    0.96
(0.89–
1.04)

    0.92
(0.79–
1.07)

 

Combined     1.04
(0.97–
1.12);
0.277

    1.04
(0.95–
1.14);
0.430

    0.98
(0.88–
1.09);
0.661

    0.96
(0.90–
1.02);
0.193

   

Variance
components

                         

Intercept 2.67   2.66 0.00   0.00 1.68   1.71 0.60   0.63 3.36  

Goodness of �t                          

AUC 0.97   0.97 0.86   0.86 0.96   0.96 0.87   0.88 0.98  

Individual factors                          

Education enrolment                          

Between 1.09
(0.32–
3.76)

0.395   6.24
(1.45–
26.89)

0.852   1.85
(0.33–
10.30)

0.784   0.68
(0.27–
1.73)

0.029 0.69
(0.28–
1.75);
0.438

2.46
(0.68–
8.82)

0.1

Within 2.12
(0.85–
5.29)

    5.24
(1.32–
20.78)

    1.34
(0.34–
5.22)

    2.78
(1.18–
6.59)

  2.78
(1.18–
6.58);
0.020

0.52
(0.12–
2.26)

 

Combined     1.68
(0.80–
3.53);
0.168

    5.56
(1.91–
16.24);
0.002

    1.52
(0.56–
4.12);
0.410

         

Days with three
meals

                         

Within 1.03
(0.71–
1.50)

0.987   0.71
(0.51–
0.98)

0.511   1.01
(0.61–
1.67)

0.790   1.11
(0.84–
1.47)

0.264   1.08
(0.68–
1.70)

0.8

Coe�cients for additional covariates are available in Table S7. aSex on substances was only measured at wave two and wave three. bWe did not adjust for ed
enrolment and days with three meals as we expected them to lie on the causal pathway between receipt of social grants and study outcomes.cWald p-value f
across pairs of within-person and between-person coe�cients. A signi�cant p-value indicates that pairs of coe�cients are different from one another. dWald 
signi�cance. A signi�cant p-value indicates that a coe�cient is signi�cantly different from 1.00. Abbreviations: aOR, adjusted odds ratio; CI, con�dence interv
Under Curve.
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  Multiple sexual partners Transactional sex Age-disparate sex Condomless sex Sex on substa

Between 1.03
(0.78–
1.35)

    0.83
(0.60–
1.15)

    1.10
(0.69–
1.76)

    0.90
(0.70–
1.15)

    1.01
(0.63–
1.63)

 

Combined     1.03
(0.82–
1.29);
0.823

    0.77
(0.62–
0.96);
0.019

    1.06
(0.75–
1.51);
0.738

    0.99
(0.82–
1.18);
0.897

   

Variance
components

                         

Intercept 2.69   2.69 0.00   0.00 1.75   1.70 0.66   0.66 3.27  

Goodness of �t                          

AUC 0.97   0.97 0.87   0.85 0.96   0.96 0.88   0.88 0.98  

Coe�cients for additional covariates are available in Table S7. aSex on substances was only measured at wave two and wave three. bWe did not adjust for ed
enrolment and days with three meals as we expected them to lie on the causal pathway between receipt of social grants and study outcomes.cWald p-value f
across pairs of within-person and between-person coe�cients. A signi�cant p-value indicates that pairs of coe�cients are different from one another. dWald 
signi�cance. A signi�cant p-value indicates that a coe�cient is signi�cantly different from 1.00. Abbreviations: aOR, adjusted odds ratio; CI, con�dence interv
Under Curve.

In model 2, recombining between- and within-person coe�cients where there was no evidence of a signi�cant difference, among females, higher positive
caregiving scores were associated with lower odds of transactional sex (aORcombined=0.94; 95%CI = 0.91, 0.97) and age-disparate sex (aORcombined=0.96;
95%CI = 0.92, 0.99); higher caregiver supervision scores were associated with lower odds of multiple sexual partners between-persons (aORbetween=0.90;
95%CI = 0.86, 0.93), transactional sex (aORcombined=0.94; 95%CI = 0.92, 0.96), age disparate sex (aORcombined=0.97; 95%CI = 0.94, 0.99), condomless sex
between-persons (aORbetween=0.94; 95%CI = 0.91, 0.97), and sex on substances between-persons (aORbetween=0.86; 95%CI = 0.80, 0.91); higher adolescent-
caregiver communication scores were associated with higher odds of transactional sex (aORcombined=1.09; 95%CI = 1.02, 1.16); education enrolment was
associated with lower odds of age disparate sex (aORcombined=0.44; 95%CI = 0.26, 0.74) and condomless sex between-persons (aORbetween=0.40; 95%CI = 0.23,
0.69); more days with enough food last week was associated with lower odds of multiple sexual partners (aORcombined=0.84; 95%CI = 0.73, 0.96) and
transactional sex (aORcombined=0.78; 95%CI = 0.68, 0.90), Table 2.

Among males, higher positive caregiving scores were associated with lower odds of transactional sex (aORcombined=0.95; 95%CI = 0.90-1.00) and higher odds
of condomless sex (aORcombined=1.06; 95%CI = 1.02–1.10); higher caregiver supervision scores were associated with lower odds of multiple sexual partners
(aORcombined=0.93; 95%CI = 0.90, 0.95), transactional sex (aORcombined=0.94; 95%CI = 0.91, 0.97), age-disparate sex (aORcombined=0.94; 95%CI = 0.91, 0.98), and
sex on substances (aORcombined=0.92; 95%CI = 0.88, 0.96); education enrolment was associated with higher odds of transactional sex (aORcombined=5.56;
95%CI = 1.91, 16.24) and condomless sex within-persons (aORwithin=2.78; 95%CI = 1.18, 6.58); and days with enough food last week was associated with lower
odds of transactional sex (aORcombined=0.77; 95%CI = 0.62, 0.96), Table 2. Adjusted odds ratios for the covariates HIV status, rural location, informal housing,
household size, maternal orphan, paternal orphan, age, and study wave are summarised in Table S9.

Predicted probabilities of HIV risk practices at selected values of ‘accelerator’ structural factors. We summarise predicted probabilities for each of our HIV risk
practices at selected values of statistically signi�cant structural factors, and probability differences comparing adjusted probabilities among females in Fig. 2
and males in Fig. 3.

Multivariable associations between lagged hypothesised structural factors and HIV risk practices. Recombining between- and within-person coe�cients where
there was no evidence of a signi�cant difference, among females, higher prior number of social grants was associated with higher odds of subsequent
transactional sex within-persons (aORwithin=1.43; 95%CI = 1.06, 1.92); higher prior caregiver supervision scores were associated with lower odds of subsequent
multiple sexual partners (aORcombined=0.94; 95%CI = 0.93, 0.98); transactional sex between-persons (aORbetween=0.94; 95%CI = 0.89, 0.98), age-disparate sex
between-persons (aORbetween=0.95; 95%CI = 0.90, 0.99), condomless sex (aORcombined=0.96; 95%CI = 0.94, 0.98), and sex on substances between-persons
(aORcombined=0.90; 95%CI = 0.85, 0.96); higher prior number of days with enough food was associated with lower odds of subsequent multiple sexual partners
(aORcombined=0.81; 95%CI = 0.69, 0.96) and subsequent condomless sex between-persons (aORbetween=0.82; 95%CI = 0.72, 0.93), Table S10.

Among males, higher prior caregiver supervision and associated with lower odds of subsequent multiple sexual partners between persons (aORbetween=0.94;
95%CI = 0.89, 0.99), transactional sex between-persons (aORbetween=0.94; 95%CI = 0.90, 1.00), and sex on substances between-persons (aORbetween=0.92;
95%CI = 0.86, 0.98). Higher prior caregiver supervision was also associated with higher odds of subsequent transactional sex within-persons (aORwithin=1.08;
95%CI = 1.02, 1.14), and higher prior adolescent caregiver communication was associated with higher odds of subsequent sex on substances
(aORcombined=1.14; 95%CI = 1.01, 1.28). Higher prior number of days with enough food was associated with lower odds of subsequent transactional sex within-
persons (aORwithin=0.71; 95%CI = 0.51, 0.97), Table S10.

[Table 2 about here]

[Figure 2 about here]
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[Figure 3 about here]

Discussion
This study found a high prevalence of �ve HIV risk practices in a large cohort of adolescents in South Africa. Rates of condomless sex were much higher than
the UNAIDS target of no more than 5% for priority groups [42, 43], and young men reported high rates of multiple sexual partners [44]. Compared to their
uninfected peers, females living with HIV were signi�cantly less likely to engage in condomless sex, and males living with HIV were less likely to engage in
both condomless sex and sex on substances. In gender-strati�ed analyses, we found that among females, education enrolment, days with enough food at
home, positive caregiving, and caregiver supervision were each associated lower probability of multiple HIV risk practices. Among males, caregiver supervision
was associated with lower probability of multiple HIV risk practices, and in addition, positive parenting and days with enough food were associated with lower
probability of single HIV risk practices. Education enrolment was associated with higher probability of transactional sex and condomless sex, but wide
con�dence intervals indicate a high level of uncertainty around these estimates. Finally, in lagged analyses we found that in both females and males, prior
higher caregiver monitoring and number of days with enough food were associated with lower odds of subsequent HIV risk practices, suggesting that their
protective in�uence may be sustained.

Our analysis applies rigorous statistical methods to three waves of data to investigate relationships between six structural factors and �ve HIV risk practices
simultaneously, further unpacking differential associations for males and females. In females, associations between education enrolment and age-disparate
sex and condomless sex, respectively, are consistent with previous analyses and theories supporting this factor’s promotion of safer sexual networks and
adolescent girl’s negotiating power [45–50]. The observed association between days with enough food at home and transactional sex is supported by the ‘sex
for basic needs’ paradigm of transactional sex [51], and the concurrent relationship between this factor and both multiple sexual partnership and transactional
sex is supported by qualitative reports of the in�uence of poverty on sexual practices among adolescent girls [52]. Associations between caregiver supervision
and transactional sex and age-disparate sex are in line with theories suggesting that setting rules and monitoring peer-relationships can act as a ‘protective
shield’, promoting the internalization of norms that foster healthy practices, mitigating sensation-seeking and impulsive decision-making, and deterring
a�liation with deviant peers [53–56]. Among males, the relationship between caregiver supervision and all �ve study outcomes can be linked to masculine
norms of independence and sexuality driving HIV risk in this population, and caregivers’ gendered perceptions that independence should be encouraged
among adolescent boys, while adolescent girls should remain restricted and protected [57, 58].

Our �ndings support continued emphasis on structural interventions for enhancing the effectiveness of core prevention programmes in HIV prevention [59].
Among females, the range of structural factors associated with HIV risk practices suggests a complex of motivations for engaging in HIV risk practices, and
validates the need for comprehensive multi-component prevention approaches in contexts with su�cient resources [19, 60]. Comparing across structural
factors, the strong association between education enrolment and age-disparate sex and condomless sex suggests that, in settings with limited resources,
interventions should be designed around a core focus to support adolescent girls’ education [61]. There is evidence that such approaches should target both
school- and individual-level characteristics, including unaffordable fees [62], poor-quality education and associated learning backlogs [63, 64], early
motherhood [65], and low morale for future employment [66]. The �nding that caregiver supervision and number of days with enough food may only be
associated with small reductions in HIV risk practices indicate that there should be careful consideration of cost-effective approaches for layering
multicomponent interventions. Among males, our �ndings point to a more singular paradigm for engaging in HIV risk practices and a possible role of
parenting programmes for encouraging more sustained supervision either by caregivers or other community members such as ‘social fathers’, particularly
considering the observed declines in this structural factor by age [67, 68]. Such interventions should be sensitive to local norms around masculinity and
transitions to manhood [69]. Finally, �ndings that HIV risk practices remain high in both adolescents living with HIV and their uninfected peers supports the
continued need for population-wide interventions aimed at preventing both new infections and onwards transmission.

This study’s use of three waves of data spanning an average of two and a half years for each participant enabled us to use advanced statistical models to
unpack within- and between-person associations between structural factors and HIV risk practices. Nevertheless, there is still a risk of confounding from
unmeasured time-varying factors for both between- and within-person associations, and estimated associations should not be interpreted causally. The
study’s exhaustive sampling strategy and small loss to follow-up minimises risk of selection bias among participants living with HIV. Although participants not
living with HIV were recruited through invitation, the large number of respondents should also minimise selection bias in this group. Self-reported items may be
subject to social desirability and recall bias, particularly those relating to sensitive topics [70], and participant subjectivity may also have been a source of
measurement error. Because in our study almost all participants reported receipt of at least one social grant (~ 91%) we were unable to robustly evaluate the
association between this structural factor and HIV risk practices. Similarly, because so few male participants left education during the study, observed
associations between this risk factor and risk practices may not be robust, and should be investigated in future studies.

Building on this study, future mediation analysis could valuably inform the mechanisms via which structural factors act on HIV risk practices and provide
stronger causal claim for associations identi�ed in this study. Plausible pathways could include stronger a�liation with a positive peer group, safer sexual
networks, and greater negotiating strength. Little research has focused on the in�uence of peers on sexual practices in South Africa or how peer a�liation is
shaped by structural factors [72, 73]. Our �nding that even when enrolled in education adolescent girls may still experience a high probability of condomless
sex, highlights an urgent needed to identify other structural factors able to address this key sexual practice [74]. Further, evidence indicates that community
disorder, caregiver stress, and young men's social inclusion could be candidates for structural ‘accelerators’ of HIV prevention [75].

Conclusion
Adolescent girls enrolled in education with greater food security, and adolescent girls and boys experiencing positive and supervisory caregiving are less likely
to engage in multiple HIV risk practices. Investments in structural interventions to enhance these factors among young people are likely to translate into
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crucial progress in reducing HIV incidence.

Declarations
Funding. This study was supported by: The Claude Leon Foundation [F08 559/C]; The Regional Inter-Agency Task Team for Children Affected by AIDS -
Eastern and Southern Africa (RIATT-ESA); The International AIDS Society through the CIPHER grant [155-Hod; 2018 & 625-TOS]; Evidence for HIV Prevention in
Southern Africa (EHPSA), a UK aid programme managed by Mott MacDonald; Janssen Pharmaceutica N.V., part of the Janssen Pharmaceutical Companies of
Johnson & Johnson; the Nu�eld Foundation, but the views expressed are those of the authors and not necessarily the Foundation; the John Fell Fund
[161/033]; the Philip Leverhulme Trust [PLP-2014-095]; the University of Oxford’s ESRC Impact Acceleration Account [1602-KEA-189 & K1311-KEA-004]; UNFPA
South Africa; UNICEF Eastern and Southern Africa O�ce (UNICEF-ESARO); UKRI GCRF Accelerating Achievement for Africa's Adolescents (Accelerate) Hub
[Grant Ref: ES/S008101/1]; Wellspring Philanthropic Fund [Grant no. 16204]; Oak Foundation/GCRF "Accelerating Violence Prevention in Africa"
[R46194/AA001 & OFIL-20-057]; the European Research Council (ERC) under the European Union’s Horizon 2020 research and innovation programme (grant
agreement No 771468); the Fogarty International Center, National Institute on Mental Health, National Institutes of Health under Award Number
K43TW011434. The content is solely the responsibility of the authors and does not represent the o�cial views of the National Institutes of Health; United
States Agency for International Development (USAID) Cooperative Agreement No. AID-OAA-LA-13-00001 and was made possible by the generous support of
the American people through USAID and the United States President’s Emergency Plan for AIDS Relief. The contents are the responsibility of FHI 360 and
Oxford University and do not necessarily re�ect the views of USAID or the United States Government.

Con�icts of interest. No con�ict of interest to declare.

Ethics approval. Ethical approvals were obtained from the University of Oxford [SSD/CUREC2/12–21; R43892/RE003], University of Cape Town [CSSR 2013/4;
CSSR 2019/01], Provincial Departments of Health and Basic Education, health facilities and schools.

Consent for publication. All adolescents and primary caregivers (where adolescents were under 18 years) gave voluntary informed consent, read aloud in
cases of low literacy. No �nancial incentives were given for participation, but adolescents received a certi�cate and small gift pack with snacks and toiletries.

Availability of data and material. The data that support the �ndings of this study are available from the corresponding author upon reasonable request.

Code availability. The Stata syntax used for this study are available from the corresponding author upon request.

Authors contributions. William E. Rudgard: Conceptualisation, data curation, formal analysis, methodology, project administration, writing – original draft,
review & editing; Maria Granvik Saminathen: Conceptualisation, data curation, formal analysis, methodology, project administration, writing – original draft,
review & editing; Boladé Hamed Banougnin: Conceptualisation, methodology, writing – review & editing; Yulia Shenderovich: Conceptualisation, methodology,
writing – review & editing; Elona Toska: Conceptualisation, funding acquisition, methodology, writing – review & editing.

Acknowledgements

Special thanks to Professor Lucie Cluver for providing access to the data, all her previous research that inspired this analysis, and thoughtful feedback on all
areas of the manuscript; to Professor Mark Orkin for sharing readings for the quantitative analysis, reviewing of the applied methods, and providing feedback
on the manuscript; to Dr. Lesley Gittings for insightful comments on sexual practices and the in�uence of caregiving practices among adolescent boys.
Utmost thanks also to the adolescent participants, health-care facilities, �eld teams, and University of Oxford and University of Cape Town support teams for
sharing and collecting this data.

References
1. Birdthistle I, Tanton C, Tomita A, Graaf K de, Schaffnit SB, Tanser F, et al. Recent levels and trends in HIV incidence rates among adolescent girls and

young women in ten high-prevalence African countries: a systematic review and meta-analysis. Lancet Glob Health. Elsevier; 2019;7:e1470–1.

2. UNAIDS, UNICEF, and WHO. Epidemic & Response, New HIV infections − Young People (15-24), Africa − Eastern and Southern, 2021 [Internet]. AIDSinfo.
[cited 2022 Jul 27]. Available from: https://aidsinfo.unaids.org/#

3. Global Burden of Disease Collaborative Network. GBD Results Tool [Internet]. Seattle U. S. Am. Inst. Health Metr. Eval. IHME. 2019. Available from:
http://ghdx.healthdata.org/gbd-results-tool

4. Pettifor A, Stoner M, Pike C, Bekker L-G. Adolescent lives matter: preventing HIV in adolescents. Curr Opin HIV AIDS. 2018;13:265–73.

5. Morales A, Espada JP, Orgilés M, Escribano S, Johnson BT, Lightfoot M. Interventions to reduce risk for sexually transmitted infections in adolescents: A
meta-analysis of trials, 2008-2016. PloS One. 2018;13:e0199421.

�. Gregson S, Nyamukapa CA, Garnett GP, Mason PR, Zhuwau T, Caraël M, et al. Sexual mixing patterns and sex-differentials in teenage exposure to HIV
infection in rural Zimbabwe. The Lancet. 2002;359:1896–903.

7. Sam-Agudu NA, Folayan MO, Ezeanolue EE. Seeking wider access to HIV testing for adolescents in sub-Saharan Africa. Pediatr Res. 2016;79:838–45.

�. Britto C, Mehta K, Thomas R, Shet A. Prevalence and Correlates of HIV Disclosure Among Children and Adolescents in Low- and Middle-Income Countries:
A Systematic Review. J Dev Behav Pediatr. 2016;37:496–505.

9. Stöckl H, Kalra N, Jacobi J, Watts C. Is Early Sexual Debut a Risk Factor for HIV Infection Among Women in Sub-Saharan Africa? A Systematic Review.
Am J Reprod Immunol. 2013;69:27–40.



Page 13/17

10. Wamoyi J, Stobeanau K, Bobrova N, Abramsky T, Watts C. Transactional sex and risk for HIV infection in sub-Saharan Africa: a systematic review and
meta-analysis. J Int AIDS Soc. 2016;19:20992.

11. Bajunirwe F, Semakula D, Izudi J. Risk of HIV infection among adolescent girls and young women in age-disparate relationships in sub-Saharan Africa.
AIDS Lond Engl. 2020;34:1539–48.

12. 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;8:141.

13. Woollett N. Adolescents Living with HIV: Emerging Issues in Public Health in South Africa. In: Liamputtong P, editor. Child Young People Living HIVAIDS
Cross-Cult Perspect. Springer, Cham; 2016. p. 65–88.

14. Shung-King M, Lake L, Sanders D, Hendricks M. South African Child Gauge 2019 [Internet]. Cape Town Child. Inst. Univ. Cape Town. 2019. Available from:
http://www.ci.uct.ac.za/cg-2019-child-and-adolescent-health

15. Kariminia A, Law M, Davies M, Vinikoor M, Wools‐Kaloustian K, Leroy V, et al. Mortality and losses to follow‐up among adolescents living with HIV in the
IeDEA global cohort collaboration. J Int AIDS Soc. 2018;21:e25215.

1�. Baird S, Chirwa E, McIntosh C, Ozler B. The short-term impacts of a schooling conditional cash transfer program on the sexual behavior of young women.
Health Econ. 2010;19 Suppl:55–68.

17. Seeley J, Watts CH, Kippax S, Russell S, Heise L, Whiteside A. Addressing the structural drivers of HIV: a luxury or necessity for programmes? J Int AIDS
Soc. 2012;15:17397.

1�. UNAIDS. HIV prevention among adolescent girls and young women [Internet]. 2016 [cited 2022 Jun 20]. Available from:
https://www.unaids.org/sites/default/�les/media_asset/UNAIDS_HIV_prevention_among_adolescent_girls_and_young_women.pdf

19. Cluver LD, Orkin FM, Boyes ME, Sherr L. Cash plus care: social protection cumulatively mitigates HIV-risk behaviour among adolescents in South Africa.
AIDS. 2014;28:S389.

20. Saul J, Bachman G, Allen S, Toiv NF, Cooney C, Beamon T. The DREAMS core package of interventions: A comprehensive approach to preventing HIV
among adolescent girls and young women. PLOS ONE. Public Library of Science; 2018;13:e0208167.

21. Birdthistle I, Schaffnit SB, Kwaro D, Shahmanesh M, Ziraba A, Kabiru CW, et al. Evaluating the impact of the DREAMS partnership to reduce HIV incidence
among adolescent girls and young women in four settings: a study protocol. BMC Public Health [Internet]. 2018 [cited 2021 Oct 26];18. Available from:
https://doi.org/10.1186/s12889-018-5789-7

22. Clark S, Paul M, Aryeetey R, Marquis G. An assets-based approach to promoting girls’ �nancial literacy, savings, and education. J Adolesc. 2018;68:94–
104.

23. Rosenberg NE, Pettifor AE, Myers L, Phanga T, Marcus R, Bhushan NL, et al. Comparing four service delivery models for adolescent girls and young
women through the ‘Girl Power’ study: protocol for a multisite quasi-experimental cohort study. BMJ Open. British Medical Journal Publishing Group;
2017;7:e018480.

24. Ssewamala FM, Bermudez LG, Neilands TB, Mellins CA, McKay MM, Gar�nkel I, et al. Suubi4Her: a study protocol to examine the impact and cost
associated with a combination intervention to prevent HIV risk behavior and improve mental health functioning among adolescent girls in Uganda. BMC
Public Health. 2018;18:693.

25. Kajula L, Gilbert U, Palermo T. CashPlus: adolescent health, livelihood and well-being intervention as part of Tanzania’s productive social safety network.
Madrid; 2018. Available from: https://doi.org/10.1089/aid.2018.5000.abstracts

2�. Zulaika G, Kwaro D, Nyothach E, Wang D, Zielinski-Gutierrez E, Mason L, et al. Menstrual cups and cash transfer to reduce sexual and reproductive harm
and school dropout in adolescent schoolgirls: study protocol of a cluster-randomised controlled trial in western Kenya. BMC Public Health. 2019;19:1317.

27. Young Carers, SA. Projects, Mzantsi Wakho, Methodology [Internet]. 2015. Available from: http://www.youngcarers.org.za/youthpulse/

2�. Radboud University. Sub-national HDI [Internet]. 2013-2021 Glob. Data Lab. [cited 2021 Nov 30]. Available from: https://globaldatalab.org/shdi/shdi/ZAF/

29. Statistics South Africa. Statistical Release, South Africa General Household Survey 2019 [Internet]. Gen. Househ. Surv. 2019. 2019. Available from:
https://www.statssa.gov.za/publications/P0318/P03182019.pdf

30. Simbayi L, Zuma K, Moyo S, Marinda E, Jooste S, Mabaso M, et al. South Africa National HIV Prevalence, Incidence, Behavior and Communication Survey
2017 [Internet]. Cape Town HSRC Press. 2019 [cited 2022 Jul 27]. Available from: https://ghdx.healthdata.org/record/south-africa-national-hiv-prevalence-
incidence-behavior-and-communication-survey-2017

31. Elm E von, Altman DG, Egger M, Pocock SJ, Gøtzsche PC, Vandenbroucke JP. Strengthening the reporting of observational studies in epidemiology
(STROBE) statement: guidelines for reporting observational studies. BMJ. British Medical Journal Publishing Group; 2007;335:806–8.

32. Achenbach, T, Dumenci, Levent. Advances in Empirically Based Assessment: Revised Cross-Informant Syndromes and New DSM-Oriented Scales for the
CBCL, YSR, and TRF: Comment on Lengua, Sadowksi, Friedrich, and Fisher (2001). J Consult Clin Psychol. 2001;69:699–702.

33. PREPARE. SATZ Instruments, SATZ Questionnaires - Females [Internet]. 2010. Available from: https://prepare.w.uib.no/publications/

34. Elgar, Frank, Waschbusch, Daniel, Dadds, Mark, Sigvaldason, Nadine. Development and Validation of a Short Form of the Alabama Parenting
Questionnaire. J Child Fam Stud. 2007;16:243–59.

35. Lucchetti AE, Powers WG, Love DE. The Empirical Development of the Child-Parent Communication Apprehension Scale for Use With Young Adults. J Fam
Commun. Routledge; 2002;2:109–31.

3�. Cluver L, Boyes M, Orkin M, Pantelic M, Molwena T, Sherr L. Child-focused state cash transfers and adolescent risk of HIV infection in South Africa: a
propensity-score-matched case-control study. Lancet Glob Health. Elsevier; 2013;1:e362–70.

37. Bell A, Fairbrother M, Jones K. Fixed and random effects models: making an informed choice. Qual Quant. 2019;53:1051–74.



Page 14/17

3�. Allison PD. Chapter 3. Fixed Effects Logistic Models. Fixed Eff Regres Models Chapter 3. SAGE Publications; 2009.

39. Westreich D, Greenland S. The Table 2 Fallacy: Presenting and Interpreting Confounder and Modi�er Coe�cients. Am J Epidemiol. 2013;177:292–8.

40. UNDP. SDG Accelerator and Bottleneck Assessment [Internet]. New York: United Nations Development Program; 2017. Available from:
https://www.undp.org/content/undp/en/home/librarypage/sustainable-development-goals/sdg-accelerator-and-bottleneck-assessment.html

41. Cluver LD, Orkin FM, Campeau L, Toska E, Webb D, Carlqvist A, et al. Improving lives by accelerating progress towards the UN Sustainable Development
Goals for adolescents living with HIV: a prospective cohort study. Lancet Child Adolesc Health. Elsevier; 2019;3:245–54.

42. UNAIDS. 2025 AIDS Targets [Internet]. Available from: https://www.unaids.org/sites/default/�les/2025-AIDS-Targets_en.pdf

43. Zgambo M, Kalembo FW, Mbakaya BC. Risky behaviours and their correlates among adolescents living with HIV in sub-Saharan Africa: a systematic
review. Reprod Health. 2018;15:180.

44. Gibbs A, Sikweyiya Y, Jewkes R. ‘Men value their dignity’: securing respect and identity construction in urban informal settlements in South Africa. Glob
Health Action. 2014;7:23676.

45. Toska E, Cluver LD, Boyes ME, Isaacsohn M, Hodes R, Sherr L. School, Supervision and Adolescent-Sensitive Clinic Care: Combination Social Protection
and Reduced Unprotected Sex Among HIV-Positive Adolescents in South Africa. AIDS Behav. 2017;21:2746–59.

4�. Hargreaves JR, Morison LA, Kim JC, Bonell CP, Porter JDH, Watts C, et al. The association between school attendance, HIV infection and sexual behaviour
among young people in rural South Africa. J Epidemiol Community Health. BMJ Publishing Group Ltd; 2008;62:113–9.

47. Doyle AM, Changalucha J, Weiss HA, Watson-Jones D, Hayes RJ, Zaba B, et al. OP35 Sexual Risk Behaviour Among Young People in Rural Tanzania: Do
those in Full-Time Education Practise Safer Sex? J Epidemiol Community Health. BMJ Publishing Group Ltd; 2013;67:A18–9.

4�. Stoner MCD, Edwards JK, Miller WC, Aiello AE, Halpern CT, Julien A, et al. Effect of Schooling on Age-Disparate Relationships and Number of Sexual
Partners Among Young Women in Rural South Africa Enrolled in HPTN 068. J Acquir Immune De�c Syndr. 2017;76:e107–14.

49. Stoner MC, Pettifor A, Edwards JK, Aiello AE, Halpern CT, JULIEN A, et al. The effect of school attendance and school dropout on incident HIV and HSV-2
among young women in rural South Africa enrolled in HPTN 068. AIDS Lond Engl. 2017;31:2127–34.

50. Toska E, Zhou S, Laurenzi CA, Haghighat R, Saal W, Gulaid L, et al. Predictors of secondary HIV transmission risk in a cohort of adolescents living with HIV
in South Africa. AIDS. 2022;36:267–76.

51. Stoebenau K, Heise L, Wamoyi J, Bobrova N. Revisiting the understanding of “transactional sex” in sub-Saharan Africa: A review and synthesis of the
literature. Soc Sci Med. 2016;168:186–97.

52. Onoya D, Zuma K, Zungu N, Shisana O, Mehlomakhulu V. Determinants of multiple sexual partnerships in South Africa. J Public Health. 2015;37:97–106.

53. Gottfredson MR, Hirschi T. A general theory of crime. Stanford, CA: Stanford University Press; 1990. p. xvi, 297.

54. Hirschi T. Causes of Delinquency. 1st ed. New York, NY: Routledge; 2001.

55. McBride DF, Bell CC. Human Immunode�ciency Virus Prevention with Youth. Psychiatr Clin North Am. 2011;34:217–29.

5�. Simons RL, Simons LG, Chen Y-F, Brody GH, Lin K-H. Identifying the Psychological Factors That Mediate the Association Between Parenting Practices and
Delinquency. Criminology. 2007;45:481–517.

57. Dishion TJ, McMahon RJ. Parental Monitoring and the Prevention of Child and Adolescent Problem Behavior: A Conceptual and Empirical Formulation.
Clin Child Fam Psychol Rev. 1998;1:61–75.

5�. Mmari K, Moreau C, Gibbs SE, De Meyer S, Michielsen K, Kabiru CW, et al. ‘Yeah, I’ve grown; I can’t go out anymore’: differences in perceived risks between
girls and boys entering adolescence. Cult Health Sex. Taylor & Francis; 2018;20:787–98.

59. Bell CC, Bhana A, Petersen I, McKay MM, Gibbons R, Bannon W, et al. Building Protective Factors to Offset Sexually Risky Behaviors among Black Youths.
J Natl Med Assoc. 2008;100:936–44.

�0. Cluver LD, Orkin MF, Yakubovich AR, Sherr L. Combination social protection for reducing HIV-risk behavior amongst adolescents in South Africa. J Acquir
Immune De�c Syndr. 2016;72:96–104.

�1. Sampa M, Musukuma M, Fisa R, Musonda P, Young T. Interventions for Keeping Adolescent Girls in School in Low- and Middle-Income Countries: A
Scoping Review. Front Educ [Internet]. 2021;5. Available from: https://www.frontiersin.org/article/10.3389/feduc.2020.614297

�2. Iritani BJ, Cho H, Rusakaniko S, Mapfumo J, Hartman S, Hallfors DD. Educational Outcomes for Orphan Girls in Rural Zimbabwe: Effects of a School
Support Intervention. Health Care Women Int. 2016;37:301–22.

�3. Spaull N. Schooling in South Africa: How low-quality education becomes a poverty trap. South Afr Child Gauge. Children’s Institute, University of Cape
Town; 2015. p. 34–41.

�4. Moeletsi M, Mlachila T. Struggling to Make the Grade: A Review of the Causes and Consequences of the Weak Outcomes of South Africa’s Education
System [Internet]. IMF. [cited 2022 Jun 20]. Available from: https://www.imf.org/en/Publications/WP/Issues/2019/03/01/Struggling-to-Make-the-Grade-A-
Review-of-the-Causes-and-Consequences-of-the-Weak-Outcomes-of-46644

�5. Stoner MCD, Rucinski KB, Edwards JK, Selin A, Hughes JP, Wang J, et al. The Relationship Between School Dropout and Pregnancy Among Adolescent
Girls and Young Women in South Africa: A HPTN 068 Analysis. Health Educ Behav. SAGE Publications Inc; 2019;46:559–68.

��. De Lannoy A, Graham L, Patel L, Leibbrandt M. Why Is Youth Unemployment So Intractable in South Africa? A Synthesis of Evidence at the Micro-Level. J
Appl Youth Stud. 2020;3:115–31.

�7. Richter L, Chikovore J, Makusha T. The status of fatherhood and fathering in South Africa. Child Educ. 2010;86:360–5.

��. Cluver LD, Meinck F, Steinert JI, Shenderovich Y, Doubt J, Romero RH, et al. Parenting for Lifelong Health: a pragmatic cluster randomised controlled trial
of a non-commercialised parenting programme for adolescents and their families in South Africa. BMJ Glob Health. BMJ Specialist Journals;



Page 15/17

2018;3:e000539.

�9. Vincent L. “Boys will be boys”: traditional Xhosa male circumcision, HIV and sexual socialisation in contemporary South Africa. Cult Health Sex.
2008;10:431–46.

70. Buvé A, Lagarde E, Caraël M, Rutenberg N, Ferry B, Glynn JR, et al. Interpreting sexual behaviour data: validity issues in the multicentre study on factors
determining the differential spread of HIV in four African cities. AIDS. 2001;15:S117–26.

71. Stoner MCD, Kilburn K, Godfrey-Faussett P, Ghys P, Pettifor AE. Cash transfers for HIV prevention: A systematic review. PLOS Med. Public Library of
Science; 2021;18:e1003866.

72. Bingenheimer JB, Asante E, Ahiadeke C. Peer In�uences on Sexual Activity among Adolescents in Ghana. Stud Fam Plann. 2015;46:1–19.

73. Fearon E, Wiggins RD, Pettifor AE, Hargreaves JR. Is the sexual behaviour of young people in sub-Saharan Africa in�uenced by their peers? A systematic
review. Soc Sci Med. 2015;146:62–74.

74. Toska E, Cluver LD, Hodes R, Kidia KK. Sex and secrecy: How HIV-status disclosure affects safe sex among HIV-positive adolescents. AIDS Care.
2015;27:47–58.

75. Taliep N, Ismail G, Titi N. Re�ections on parenting practices that impact child-rearing in a low-income community. Child Abuse Res South Afr. 19:1–13.

Figures

Figure 1

Risk of sexual debut and �ve HIV risk practices by sex, age, and HIV status over three waves of data collection. N=1563, Observations=4402. a42 observations
missing data. b56 observations missing data. c120 observations missing data. d1561 observations missing data upon entry into the study as sex on
substances was only measured at waves two and three. Abbreviations: HIV, human immunode�ciency virus.
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Figure 2

Predicted probabilities of HIV risk practices and probability differences comparing two scenarios among females: (i) in the absence of education enrolment, or
at the mean of number of days with enough food, positive caregiving, and caregiver supervision scores; and (ii) in the presence of education enrolment, or at
the maximum of number of days with enough food, positive caregiving, and caregiver supervision. Lines connecting bars summarise the calculated difference
between two predicted probabilities with 95% con�dence intervals in brackets. We only calculated adjusted probabilities where there was evidence of
signi�cant associations between structural factors and lower odds of multiple HIV risk practices. Predicted probabilities were also calculated �xing HIV status
covariate to “0. Not living with HIV” and “1. Living with HIV”. Values used to build Figure 2 are summarised in Table S11. aSex on substances was only
measured at wave two and wave three. bPredictions are based on between-person effects rather than combined effects. Abbreviations: ppts, percentage
points.
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Figure 3

Predicted probabilities of HIV risk practices and probability differences comparing two scenarios among males: (i) at the mean of caregiver supervision; and
(ii) at the maximum of caregiver supervision. Lines connecting bars summarise the calculated difference between two predicted probabilities with 95%
con�dence intervals in brackets. We only calculated predicted probabilities where there was evidence of signi�cant associations between structural factors
and lower odds of multiple HIV risk practices. Adjusted probabilities were also calculated �xing HIV status to “0. Not living with HIV” and “1. Living with HIV”.
Values used to build Figure 3 are summarised in Table S11. aSex on substances was only measured at wave two and wave three. Abbreviations: ppts,
percentage points.
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