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high HIV prevalence areas: a longitudinal
path analysis

Franziska Meinck%*"®, Mark Orkin* and Lucie Cluver™®

Abstract

Background: Adolescents experience a multitude of vulnerabilities which need to be addressed in order to achieve
the Sustainable Development Goals (SDGs). In sub-Saharan Africa, adolescents experience high burden of HIV,
violence exposure, poverty, and poor mental and physical health. This study aimed to identify interventions and
circumstances associated with three or more targets (“accelerators”) within multiple SDGs relating to HIV-affected
adolescents and examine cumulative effects on outcomes.

Methods: Prospective longitudinal data from 3401 adolescents from randomly selected census enumeration areas
in two provinces with >30% HIV prevalence carried out in 2010/11 and 2011/12 were used to examine six
hypothesized accelerators (positive parenting, parental monitoring, free schooling, teacher support, food sufficiency
and HIV-negative/asymptomatic caregiver) targeting twelve outcomes across four SDGs, using a multivariate
(multiple outcome) path model with correlated outcomes controlling for outcome at baseline and socio-
demographics. The study corrected for multiple-hypothesis testing and tested measurement invariance across sex.
Percentage predicted probabilities of occurrence of the outcome in the presence of the significant accelerators
were also calculated.

Results: Sample mean age was 13.7 years at baseline, 56.6% were female. Positive parenting, parental monitoring,
food sufficiency and AlDS-free caregiver were variously associated with reductions on ten outcomes. The model
was gender invariant. AIDS-free caregiver was associated with the largest reductions. Combinations of accelerators
resulted in a percentage reduction of risk of up to 40%.

Conclusion: Positive parenting, parental monitoring, food sufficiency and AIDS-free caregivers by themselves and in
combination improve adolescent outcomes across ten SDG targets. These could translate to the corresponding
real-world interventions parenting programmes, cash transfers and universal access to antiretroviral treatment,
which when provided together, may help governments in sub-Saharan Africa more economically to reach their
SDG targets.
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Background

Adolescents make up 23% of Africa’s population, and
Africa’s adolescents are the fastest growing population
group in the world [1]. However, they experience a
multitude of vulnerabilities which often go unaddressed.
These include increased risk for loss of a parent or ill-
ness of a parent due to AIDS and the associated vulner-
abilities [2], HIV infection among girls [3] as well as
exposure to violence [4], early child bearing [5], poor
mental health [6], and challenges in accessing and
remaining in education [7]. Urgent intervention at the
government and policy level is needed to attain the Sus-
tainable Development Goals (SDGs) in this region and
ensure adolescents reach their full potential.

Reaching all the SDG targets in the nine years that re-
main until 2030 is a major challenge for all governments.
Development accelerators, promoted by UNDP, are con-
sidered to be a new approach which could help govern-
ments deliver across targets and goals [8]. UNDP define
accelerators as “pragmatic actions”—in practice, inter-
ventions such as parenting programmes, or circum-
stances such as adequate food provision—that have a
beneficial association with multiple SDG outcomes [9].
Accelerators are therefore provisions, protective factors
or interventions which reduce poor outcomes for adoles-
cents on at least three sustainable SDG targets. For ex-
ample, a recent study from South Africa with HIV-
positive adolescents showed that supportive parenting
was associated with good mental health and no violence
perpetration, no high-risk sex, no community violence
exposure nor physical or emotional child abuse (SDGs
3.3,34,52,16.2, 16.1 and 16.2 respectively )[10]. There-
fore, supportive parenting was considered an accelerator
as it was associated with reductions across five SDG tar-
gets. In addition, this study showed substantial additive
effects where different accelerators together were associ-
ated with significant improvements on a particular out-
come. However, studies have been lacking that
investigate accelerators of adolescents in contexts with
high parental HIV prevalence, which has been shown to
be associated with poor child health outcomes and other
vulnerabilities [11].

The present study therefore has four aims: (1) to in-
vestigate the association of six pragmatic actions with
twelve SDG target outcomes and to identify any acceler-
ators among these pragmatic actions in a sample of
South African adolescents in areas with high HIV preva-
lence; (2) to take account of correlations among the out-
comes as necessary; (3) to check for moderation of

associations by respondents’ sex; and (4) to test additive
effects of combined accelerators on SDG target
outcomes.

Methods

Procedure

We consulted prior to baseline with local traditional
leaders, local provincial government, pre-piloted with
adolescents from these population groups, and intro-
duced the study at multiple community meetings. The
design of the study and questionnaire was carried out in
consultation with our South African Teen Advisory
Group [12].

Participants

Adolescents (n = 3516) aged 10-17 (56.7% female) were
recruited from urban and rural areas in two South Afri-
can provinces, interviewed at baseline (2010-2011) and
followed up 1 year later. Refusal rate at baseline was <
2.5%, and retention rate at one-year follow-up was
96.8%. Door-to-door sampling was used to recruit ado-
lescents in randomly selected census enumeration areas
across four health districts with antenatal HIV preva-
lence >30%. Areas were highly deprived and previously
disadvantaged homelands or townships. In 70-min face-
to-face interviews, one randomly selected adolescent was
interviewed per household, by interviewers trained in
working with vulnerable youth. No exclusion criteria
were applied unless the adolescent was deemed incap-
able of giving consent or understanding the question-
naire. Informed consent was sought from the primary
caregiver and assent from the adolescent. Consent forms
and questionnaires were translated into the six local lan-
guages and checked with back translation.

Ethical clearance was provided by the provincial gov-
ernment departments of Health and Education, the Uni-
versities of Oxford (SSD/CUREC2/09-52), Cape Town
(389/209) and KwaZulu-Natal (HSS/0254/09). Partici-
pants were interviewed in private spaces such as gardens
to ensure privacy and confidentiality. Confidentiality was
maintained throughout the study except where partici-
pants requested help or were at risk of significant harm,
where referrals, in line with mandatory reporting re-
quirements, were made to health or statutory child pro-
tective services with follow-up support. We supported
children to disclose to their caregivers where these were
not the cause of harm. All participants received a certifi-
cate and refreshments.
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Measures

SDG outcomes

SDG outcomes were binary. SDG 16.2 Physical abuse in
the past year was measured using two items from the
UNICEEF Scales for National-Level Monitoring of Orphans
and Other Vulnerable Children [13]. SDG 16.2 Emotional
abuse in the past year was measured using three items
from the same measure. SDG 5.2 Sexual abuse was mea-
sured using two items from the Juvenile Victimization
Questionnaire [14]. Items were dichotomized into past-
year abuse experience vs none. SDG 4.A Bullying (a = .81)
was measured using the 8-item Social and Health Assess-
ment Peer Victimization Scale [15]. A cut-off of 9 was
used to define experience of bullying vs no bullying. SDG
5.2 Witnessing domestic violence was measured using one
item as one or more incidents in which adults were hitting
or shouting at each other violently in the home in the past
week [13]. SDG 16.1 Exposure to Community Violence in
the form of ever being robbed or assaulted was measured
using two items from the Child Exposure to Community
Violence (CECV) Checklist [16] and defined as one or
more incidents. SDG 16.1 Experience of Community Vio-
lence through ever witnessing a shooting or stabbing was
also measured using two binary items from the CECV and
defined as occurrence vs no occurrence. SDG 3.3 TB
symptomology was assessed using an 8-item TB symptom
checklist with two or more symptoms of chest pains,
coughing blood and cough for three weeks defined as TB
symptomatic taken from the KwaZulu-Natal Department
of Health TB symptom guidelines. SDG 3.4 Suicidal idea-
tion and attempts during the past month were measured
using the Mini International Psychiatric Interview for
Children and Adolescents (MINI-KID) [17] which has
been previously used in South Africa and showed accept-
able internal consistency in this sample (a = .73) and de-
fined as 1+ endorsements of five items. SDG 5.61 HIV risk
behaviour was measured using three binary items from
the National Survey of HIV and Sexual Behaviour among
Young South Africans [18] measuring sex before age 15,
having sex drunk or on drugs, and transactional sex and
one item from the South African Demographic and
Health Survey [19] on sex with partners 5+ years older,
and was defined as engaging in one or more of these be-
haviours. SDG 3.5 Alcohol and drug use in the past month
was measured using two items from the National Survey
of HIV and Risk Behaviours among Young South Africans
[18] measuring alcohol use and use of seven common sub-
stances and defined as using one or more of these sub-
stances. SDG 4.1 School Dropout was measured as child
no longer enrolled in school.

Hypothesized accelerators
All hypothesized accelerators were required to have been
provided at both baseline and follow-up and were binary.
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An accelerator was defined as an intervention or circum-
stance that has a beneficial association with three or
more SDG targets as calculated through the study ana-
lysis [9]. Positive Parenting was measured using the 4-
item subscale from the Alabama Parenting Question-
naire Short Form (APQ-SF )[20], and defined as children
reporting receipt of positive parenting always or mostly
on all items. Parental Monitoring was measured using
the 3-item subscale from the APQ-SF and defined as
children reporting receipt of good monitoring always or
mostly on all items. Food sufficiency was measured as
child reporting neither going to bed hungry nor being
hungry at school in the past 7 days. AIDS-free caregiver
was measured using Verbal Autopsy methods validated
in previous studies of adult mortality in South Africa
[21]. The Verbal Autopsy is an 18-item checklist of
current common health conditions and AIDS-defining
illnesses. Determination of caregiver HIV/AIDS-sympto-
mology required endorsement of three or more AIDS-
defining illnesses (i.e. tuberculosis, shingles or Kaposi’s
sarcoma). Teacher emotional support was measured
using the 2 items from the Social Support Scale and de-
fined as having a teacher who provides very good emo-
tional or instrumental support [22]. Free schooling was
defined as attending a no-fees school, receiving a free
school meal and free textbooks at the same time at both
baseline and follow-up. Attendance at no-fees schools
was almost universal but provision of free school meals
and free textbooks varied by school independent of par-
ental income. All measures have been previously used in
South Africa.

Pre-selected covariates

Hypothesized accelerators at baseline were measured
with the above items. Urban/rural location, province, in-
formal housing, sex and age were measured with categor-
ies from the South African census [23].

Analysis

Analyses were conducted in seven stages using Stata 15
and Mplus 8.3 (all syntax can be found in Additional File
2). First, descriptive statistics were calculated for all hy-
pothesized accelerators, SDG outcomes and covariates
(Table 1) in Stata 15.1. Second, associations between all
variables were checked in a correlation matrix (Add-
itional File 1: Supplement 1) to assess if correlation of
outcomes would be required [24]. Third, multivariate
(multiple-outcome) probit regressions were conducted
in MPlus 8.0 to identify potential accelerators, by enter-
ing all chosen SDG outcomes and hypothesized acceler-
ator variable and covariates (baseline exposure, age,
province, urban location, informal housing and sex) sim-
ultaneously as a path model (Table 2). The model in-
cluded the Mplus command for correlation among all
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Table 1 Sociodemographic characteristics of the study sample (N = 3401)
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Total n = 3401

Boys n = 1475 (43.4%)

Girls n = 1926 (56.6%)

Sex difference p value

Sociodemographic characteristics at baseline

Province
Western Cape
Mpumalanga

Age
Mean (SD)

Rural location
Yes

Informal housing

Yes

Hypothesized protective factors received at both T1 and T2

Positive parenting
Yes

Parental monitoring
Yes

Food sufficiency at home
Yes

HIV—/ asymptomatic caregiver
Yes

Teacher support

Yes

Free school meals, textbooks and no fees
Yes

SDG outcomes at T2

Physical abuse
Yes

Emotional abuse
Yes

Sexual abuse
Yes

Bullying
Yes

Domestic violence witnessing
Yes

Community violence exposure
Yes

Community violence witnessing
Yes

Suicidal ideation
Yes

HIV risk behaviour
Yes

TB symptomatic

Yes

1753 (51.5%)
1648 (48.5%)

1343 (2.14)

1681 (49.4%)

1068 (31.4%)

875 (25.7%)

2677 (78.7%)

2829 (83.2%)

3198 (94.0%)

569 (16.7%)

1329 (39.1%)

1289 (37.9%)

1076 (31.6%)

295 (8.7%)

2494 (73.3%)

535 (15.7%)

1312 (38.6%)

1338 (39.3%)

614 (18.1%)

443 (13.0%)

176 (5.2%)

729 (41.6%)
746 (45.3%)

134 (2.10)

712 (42.4%)

444 (41.6%)

371 (42.4%)

1105 (41.2%)

1230 (43.48)

1400 (43.8%)

237 (41.7%)

560 (42.1%)

576 (44.7%)

428 (39.8%)

101 (34.2%)

1111 (44.6%)

200 (37.4%)

574 (43.8%)

602 (45.0%)

213 (34.7%)

251 (56.7%)

66 (37.5%)

1024 (58.4%)
902 (54.7%)

1344 (2.18)

969 (57.6%)

624 (58.4)

504 (57.6%)

1572 (58.7%)

1599 (56.5%)

1798 (56.2%)

332 (58.4%)

769 (57.8%)

713 (55.31)

648 (60.2%)

194 (65.8%)

1383 (55.5%)

335 (62.6%)

738 (56.3%)

736 (55.0%)

401 (65.7%)

192 (43.3%)

110 (62.5%)

0.030

0615

0.238

0.502

<0.001

0.776

0.057

0.365

0.243

0.226

0.004

0.001

0.022

0.002

0.723

<0.001

<0.001
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Table 1 Sociodemographic characteristics of the study sample (N = 3401) (Continued)

Total n = 3401 Boys n = 1475 (43.4%) Girls n = 1926 (56.6%) Sex difference p value
Substance use < 0.001
Yes 249 (7.3%) 143 (57.4%) 106 (42.6%)
School dropout 0.046
Yes 147 (4.3%) 52 (35.4%) 95 (64.6%)

outcomes (Fig. 1). Standardized correlation coefficients
for SDG outcomes are reported in Supplement 2 (Add-
itional File 1). Fourth, to check for possible moderation of
paths by participant sex, path invariance was tested be-
tween the configural model and the model with all paths
constrained to equality across the two groups, using the
Mplus DIFFTEST command. Fifth, to account for
multiple-hypothesis testing and risk of type I error, the
Benjamini-Hochberg procedure was used with a specified
false discovery rate of 0.05 [25]. Sixth, all predictors which
were positively associated with at least three SDG out-
comes were defined as accelerators. Finally, predicted
probabilities were calculated for instances where two or
more accelerators were associated with a given outcome,
holding covariates at their mean value, and probabilities
were extracted for different summative combinations of
accelerators on SDG outcomes (Table 3). These analyses
in MPlus were conducted using weighted least squares
and variance adjusted (WLSMYV) estimation, due to cat-
egorical data for the SDG outcomes. Model fit was
assessed using x*/df, comparative fit index (CFI), Tucker-
Lewis Index (TLI), root mean square error of approxima-
tion (RMSEA) and weighted root mean square residual
(WRMR). By convention, the maximum acceptable value
for */df is 5. A value of > .95 indicates good fit for CFI
and TLI, < .05 for RMSEA and > 0.95 for WRMR [26].
Missing data were less than 1% on all variables and thus
no imputation was conducted; but pairwise deletion was
used as the standard with the WLSMYV estimator.

Results
Sociodemographic characteristics and prevalence of ac-
celerators and SDG outcomes are shown in Table 1.

Correlation matrix

Pairwise correlations between variables ranged from in-
significant to r = .338 for physical and emotional abuse
(Additional File 1: Supplement 1).

Path analysis (Table 2 and Supplement 2)

The path model simultaneously containing all chosen
SDG outcomes, hypothesized accelerator variables and
covariates with correlated outcomes showed good model
fit (y* = 258.387, df = 132, p < 001, CFI .967, TLI .914,
RMSEA .017, WRMR .878). Table 2 displays the

respective associations with the twelve outcomes. For ex-
ample, reductions in physical abuse were predicted by
positive parenting, food sufficiency, AIDS-free caregiver
and parental good monitoring but not by teacher sup-
port nor free schooling.

Gender invariance

Moderation of paths by sex was tested through path in-
variance analysis. The path invariance model, i.e. with
the respective paths in the models for males and females
set to equal each other, fit the data as well as the config-
ural model: The Mplus DIFFTEST yielded Ay*(df) =
115.887(132), p = 0.840, meaning that moderation of
paths by sex was not significant.

Accelerator analysis

The Benjamini-Hochberg [25] procedure did not elimin-
ate any predictors. Four development accelerators were
identified, each positively associated with three or more
SDG targets. Positive parenting was associated with less
physical abuse, emotional abuse, substance use and sui-
cidal ideation (SDGs 16.2, 3.4 and 3.5). High parental
monitoring was associated with less physical abuse, emo-
tional abuse, HIV risk behaviour, bullying, substance use
and experiencing community violence (SDGs, 16.2, 5.61,
4.A, 3.5, 16.1). Having an AIDS-free caregiver was asso-
ciated with less physical abuse, emotional abuse, experi-
encing community violence, suicidal ideation, bullying,
witnessing domestic violence, TB symptomology and
HIV risk behaviour (SDGs 16.2, 16.1, 3.4, 4.A, 5.2, 3.3,
5.61). Food sufficiency was associated with less physical
abuse, emotional abuse, witnessing domestic violence,
suicidal ideation, bullying, witnessing community vio-
lence, experiencing community violence and HIV risk
behaviour (SDGs 16.2, 5.2, 3.4, 4.A, 16.1, 5.61). Free
schooling and teacher support were not found to be ac-
celerators (Table 2).

Correlations among outcomes in the path model, as
compared with the pairwise correlations, proved to be
quite substantial for physical and emotional abuse (r =
0.52), school dropout and physical abuse (r = 0.52), HIV
risk behaviour and sexual abuse (r = 0.44) and substance
use and HIV risk behaviour (r = 0.41). Other correla-
tions were either weak or not statistically significant
(Additional File 1: Supplement 2).
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Table 2: Path model using multivariate probit regressions with correlated outcomes reporting standardized coefficients using the

WLSMV estimator (n = 3396)

Coefficient 95% Cl S.E. p value
Physical abuse
Positive parenting - 0.066 - 0.11 to — 0.022 0.022 0.003
Food sufficiency - 0.056 —0.098 to — 0.013 0.022 0.010
AIDS-free caregiver —-0.107 — 0.147 to — 0.067 0.020 0.000
Parental monitoring -0.083 —0.126 to — 0.039 0.022 0.000
Teacher support -0013 —0.057-0.03 0.022 0.546
Free schooling 0.048 0.002-0.093 0.023 0.043
Baseline physical abuse 0.079 0.033-0.125 0.023 0.001
Age - 0.154 - 02to—-0.108 0.023 0.000
Province 0.230 0.168-0.292 0.032 0.000
Urban location 0.057 0.011-0.103 0.023 0.015
Informal housing —0.008 — 0.061-0.044 0.027 0.758
Sex - 001 —0.053-0.032 0.022 0.625
Emotional abuse
Positive parenting - 0.074 - 0.12to — 0.027 0.024 0.002
Food sufficiency —0.095 —0.138 to — 0.052 0.022 0.000
AIDS-free caregiver - 0127 —0.168 to — 0.085 0.021 0.000
Parental monitoring - 0.085 - 0.129to - 004 0.023 0.000
Teacher support 0.038 — 0.006-0.082 0.023 0.091
Free schooling 0.020 — 0.027-0.068 0.024 0405
Baseline emotional abuse 0.092 0.044-0.141 0.025 0.000
Age 0.008 - 0.041-0.056 0.025 0.758
Province - 0.007 - 0.072-0.059 0.033 0.844
Urban location 0.028 - 0.019-0.076 0.024 0.247
Informal housing —0.050 — 0.103-0.003 0.027 0.066
Sex 0.059 0.014-0.103 0.023 0.010
Sexual abuse
Positive parenting - 0.064 - 0.131-0.002 0.034 0.058
Food sufficiency - 0.046 —0.108-0.015 0.031 0.141
AlIDS-free caregiver — 0.045 - 0.101-0.012 0.029 0.122
Parental monitoring —0.040 - 0.101-0.02 0.031 0.190
Teacher support 0.009 — 0.054-0.072 0.032 0.772
Free schooling —0.002 — 0.068-0.065 0.034 0.961
Baseline sexual abuse 0.135 0.091-0.179 0.023 0.000
Age 0.138 0.07-0.206 0.035 0.000
Province 0.211 0.122-0.299 0.045 0.000
Urban location 0.028 — 0.039-0.096 0.034 0411
Informal housing - 0.097 - 0.177 to = 0.017 0.041 0.018
Sex 0.105 0.042-0.167 0.032 0.001
Witnessing domestic violence
Positive parenting - 0.027 - 0.081-0.028 0.028 0.335
Food sufficiency - 0112 —0.16 to — 0.064 0.025 0.000
AIDS-free caregiver - 0.067 —0.114 to — 0.021 0.024 0.004
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Table 2: Path model using multivariate probit regressions with correlated outcomes reporting standardized coefficients using the
WLSMV estimator (n = 3396) (Continued)

Coefficient 95% Cl S.E. p value
Parental monitoring 0.000 — 0.054-0.055 0.028 0.993
Teacher support - 0.032 — 0.086-0.022 0.028 0.244
Free schooling - 0.025 — 0.083-0.032 0.029 0.392
Baseline domestic violence 0.112 0.059-0.165 0.027 0.000
Age - 0043 —0.098-0.011 0.028 0.121
Province -0.114 —0.189 to — 0.039 0.038 0.003
Urban location -0.113 —0.167 to — 0.058 0.028 0.000
Informal housing - 0022 — 0.081-0.038 0.030 0472
Sex 0.067 0.015-0.12 0.027 0012
Bullying
Positive parenting 0.030 - 0.017-0.078 0.024 0213
Food sufficiency - 0077 —0.124 to — 0.031 0.024 0.001
AIDS-free caregiver - 0072 —0.121 to — 0.023 0.025 0.004
Parental monitoring - 0.069 - 0.116 to — 0.022 0.024 0.004
Teacher support - 0043 — 0.087-0.002 0.023 0.062
Free schooling 0.042 — 0.007-0.092 0.025 0.091
Baseline bullying 0.128 0.083-0.173 0.023 0.000
Age —-0.109 —0.156 to — 0.061 0.024 0.000
Province - 0013 - 0.081-0.055 0.035 0.711
Urban location —0.158 —0.206to — 0.111 0.024 0.000
Informal housing 0.034 —0.021-0.09 0.028 0224
Sex - 0.045 - 0.091-0.001 0.023 0.053
Witnessing community violence
Positive parenting - 0.030 - 0.071-0.01 0.021 0.145
Food sufficiency - 0.059 - 0.095 to - 0.023 0.018 0.001
AIDS-free caregiver - 0021 - 0.061-0.019 0.020 0.299
Parental monitoring - 0035 - 0.073-0.003 0.020 0.073
Teacher support 0.038 — 0.002-0.077 0.020 0.063
Free schooling 0.001 — 0.039-0.041 0.021 0.954
Baseline wit. community violence 0.148 0.11-0.186 0.020 0.000
Age 0.108 0.068-0.148 0.021 0.000
Province - 0539 — 0.584 to — 0493 0.023 0.000
Urban location — 0054 — 0094 to - 0013 0.021 0.009
Informal housing —0.025 — 0.068-0.018 0.022 0.261
Sex - 0.051 - 0.09 to - 0013 0.020 0.009
Experiencing community violence
Positive parenting - 0.030 —0.072-0.013 0.022 0.172
Food sufficiency —0.065 —0.104 to — 0.026 0.020 0.001
AlIDS-free caregiver - 0.084 —0.126 to — 0.043 0.021 0.000
Parental monitoring - 0.046 — 0.087 to — 0.005 0.021 0.029
Teacher support 0.040 - 0.001-0.08 0.021 0.055
Free schooling 0.024 — 0.02-0.068 0.023 0.288

Baseline Exp Comm Viol 0.057 0.015-0.1 0.022 0.008
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Table 2: Path model using multivariate probit regressions with correlated outcomes reporting standardized coefficients using the
WLSMV estimator (n = 3396) (Continued)

Coefficient 95% Cl S.E. p value
Age 0.039 — 0.005-0.083 0.022 0.080
Province - 0414 — 0467 to — 0362 0.027 0.000
Urban location - 0291 -0332t0 - 025 0.021 0.000
Informal housing - 0.063 —-0.111to - 0016 0.024 0.008
Sex - 0.022 - 0.063-0.018 0.021 0.282
School dropout
Positive parenting - 0.046 — 4.538-4.446 2.292 0.984
Food sufficiency —0.080 — 7.944-7.784 4.012 0.984
AIDS-free caregiver 0.008 — 0.827-0.844 0426 0.984
Parental monitoring - 0.020 — 1.941-1.902 0.980 0.984
Teacher support - 0378 — 37417-36.661 18.897 0.984
Free schooling - 0026 — 2745612-2745.559 1400.809 1.000
Baseline school dropout 0.146 — 14.144-14435 7.291 0.984
Age 0.307 — 29.8-30415 15361 0.984
Province 0.001 —-0.188-0.191 0.097 0.989
Urban location 0.091 — 8.844-9.026 4.559 0.984
Informal housing 0.049 — 4.74-4.838 2443 0.984
Sex 0.066 — 6426-6.559 3312 0.984
Substance use
Positive parenting =011 —0.192 to - 0.029 0.042 0.008
Food sufficiency - 0023 — 0.084-0.037 0.031 0450
AIDS-free caregiver - 0031 — 0.093-0.032 0.032 0.339
Parental monitoring - 0.088 —0.147 to — 0.028 0.030 0.004
Teacher support —0.003 — 0.071-0.065 0.035 0.930
Free schooling —0.056 —0.127-0.016 0.037 0.129
Baseline substance use 0.044 — 0.02-0.108 0.033 0.180
Age 0321 0.257-0.384 0.032 0.000
Province - 0.258 - 0353 t0 - 0.164 0.048 0.000
Urban location - 0.009 - 0.075-0.057 0.034 0.790
Informal housing —0.080 —0.147 to — 0.012 0.034 0.020
Sex - 0.135 —0.201 to — 0.069 0.034 0.000
Suicidal ideation
Positive parenting - 0.059 - 0.114 to — 0.005 0.028 0.033
Food sufficiency - 0.097 —0.143 to — 0.051 0.023 0.000
AIDS-free caregiver —0.104 —0.148 to — 0.061 0.022 0.000
Parental monitoring 0.002 — 0.047-0.052 0.025 0.923
Teacher support —0.048 — 0.101-0.005 0.027 0.075
Free schooling - 0024 - 0.078-0.03 0.028 0.387
Baseline suicidal ideation 0.140 0.095-0.186 0.023 0.000
Age 0.121 0.07-0.173 0.026 0.000
Province - 0.102 - 0.175 to — 0.029 0.037 0.006
Urban location -0.139 - 0.19 to — 0.087 0.026 0.000

Informal housing - 0032 — 0.09-0.026 0.030 0.283
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Table 2: Path model using multivariate probit regressions with correlated outcomes reporting standardized coefficients using the

WLSMV estimator (n = 3396) (Continued)

Coefficient 95% Cl S.E. p value
Sex 0.095 0.044-0.146 0.026 0.000
HIV risk behaviour
Positive parenting - 0.006 — 0.065-0.054 0.030 0.854
Food sufficiency - 0.060 - 0.11 to — 0.011 0.025 0.017
AIDS-free caregiver — 0.068 - 0.116 to — 0.02 0.025 0.006
Parental monitoring - 0072 - 0.121t0 - 0024 0.025 0.003
Teacher support 0.008 — 0.047-0.063 0.028 0.776
Free schooling —0.087 —0.144 to — 0.03 0.029 0.003
Baseline HIV risk behaviour 0.193 0.155-0.232 0.020 0.000
Age 0.326 0.27-0.383 0.029 0.000
Province -0.162 —0.235 to — 0.088 0.038 0.000
Urban location 0.026 — 0.029-0.081 0.028 0.360
Informal housing 0.004 — 0.054-0.062 0.029 0.891
Sex - 0.166 -0219t0 - 0114 0.027 0.000
TB symptomatic
Positive parenting - 0.029 — 0.107-0.049 0.040 0465
Food sufficiency 0.065 - 0.017-0.148 0.042 0.122
AIDS-free caregiver - 0088 —0.149 to - 0.026 0.031 0.005
Parental monitoring - 0013 — 0.096-0.07 0.042 0.763
Teacher support 0.009 — 0.066-0.083 0.038 0.821
Free schooling 0.040 — 0.044-0.123 0.043 0.352
Baseline TB symptomology 0.135 0.075-0.196 0.031 0.000
Age - 0012 - 0.097-0.073 0.043 0.780
Province 0.224 0.115-0.333 0.056 0.000
Urban location - 0.067 — 0.154-0.02 0.044 0.129
Informal housing 0.016 —0.085-0.116 0.051 0.760
Sex 0.057 - 0019-0.132 0.038 0.140

Model fit: x> = 258.387, df = 132, p < 001, CFI .967, TLI .914, RMSEA .017, WRMR .878

Predicted percentage probabilities of accelerator impacts
on SDG outcomes

The predicted probability of physical abuse in this
sample of South African adolescents was 57.2% (CI
47.2-67.1) with none of the accelerators present
(Table 3, Fig. 2). This reduced to 50.9% (40.2-61.5)
when in receipt of positive parenting, 50.9% (41.6—
60.3) when food secure, 38.4% (31.3—-45.5) when living
with an AIDS-free caregiver and 48.7% (39.4—58.0)
when experiencing good parental monitoring. Further
reductions were observed for different combinations
of two accelerators and greater for different combina-
tions of three accelerators (see Table 3). Where all
four accelerators were present, physical abuse expos-
ure reduced to 25.2% (19.7-30.7). This is a
percentage-point reduction of 33.2 (29.0-37.4) from
no accelerators present.

The predicted probability of emotional abuse in this
sample was 53.0% (CI 42.8—-63.1) with none of the accel-
erators present (Table 3, Fig. 2). This reduced to 46.1%
(35.4—56.7) when in receipt of positive parenting, 42.6%
(33.2-51.9) when food secure, 31.7% (25.2—38.2) when
living with an AIDS-free caregiver and 44.5% (35.2-53.7)
when experiencing good parental monitoring. Further
reductions were observed for different combinations of
two accelerators and decreased further for different
combinations of three accelerators (see Table 3). Where
all four accelerators were present, physical abuse expos-
ure reduced to 13.0% (10.0-16.1). This is a percentage-
point reduction of 40.0% (35.9-44.1).

The predicted probability of bullying victimization in
this sample was 85.7% (CI 79.4-91.9) with none of the
accelerators present (Additional File 1: Table 3). This re-
duced to 80.2% (72.9-87.5) when food secure, 77.4%
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Fig. 1 Hypothesized accelerator model for adolescent SDG outcomes with correlated outcomes

ity violence exposure, x — school dropout, d — domestic violence exposure, t ~ TB

(72.1-82.6) when living with an AIDS-free caregiver and
81.3% (74.4-88.2) when experiencing good parental
monitoring. Further reductions were observed for differ-
ent combinations of two accelerators (Table 3, Fig. 2).
Where all three accelerators were present, bullying
victimization reduced to 64.0% (59.8—-68.3). This is a
percentage-point reduction of 21.7 (18.7-24.7).

The predicted probability of HIV risk behaviour in this
sample was 22.0% (CI 11.8-32.2) with none of the accel-
erators present (Table 3). This reduced to 16.7% (8.8—
24.7) when food secure, 13.3% (8.0-18.6) when living
with an AIDS-free caregiver and 16.3% (8.2-24.4) when
experiencing good parental monitoring. Further reduc-
tions were observed for different combinations of two
accelerators (Table 3, Fig. 2). Where all three accelera-
tors were present, HIV risk behaviour reduced to 6.5%
(4.1-8.9). This is a percentage-point reduction of 15.5
(13.3-17.7).

The predicted probability of being TB symptomatic in
this sample was 5.8% (CI 1.2-10.4) when no accelerators
were present (Table 3). This reduced to 2.5% (0.6—4.4)
when living with an AIDS-free caregiver. This is a
percentage-point reduction of 3.3 (2.68-3.92) in TB
symptomatic adolescents.

The predicted probability of witnessing domestic vio-
lence was 27.1% (17.6—36.6) in this sample. Exposure re-
duced to 17.9% (10.7-25.1) when food secure and 18.3%
(12.6-24.1) when living with an AIDS-free caregiver.
When both accelerators were present, witnessing

domestic violence reduced to 11.3% (7.5-15.0). This is a
percentage-point reduction of 15.8 (13.0-18.6) in do-
mestic violence exposure.

The predicted probability of experiencing community
violence was 55.7% (CI 45.0—66.4) when no accelerators
were present (Table 3). This reduced to 47.6% (37.4—
57.8) when food secure, 39.3% (32.2-46.4) when living
with an AIDS-free caregiver and 50.5% (40.5—60.5) when
experiencing good parental monitoring. This further re-
duced when combinations of two accelerators occurred
(Table 3, Fig. 2). When all three accelerators were
present, experience of community violence reduced to
27.2% (22.7-31.7). This is a percentage-point reduction
of 28.5 (25.3-31.7) in community violence experience.

The predicted probability of witnessing community
violence was 43.3% (CI 31.9-54.7) when no accelerators
were present. This reduced to 35.3% (25.0-45.5) when
food secure. This is a percentage-point reduction of 8.0
(3.7-12.3) in community violence exposure.

The predicted probability of engaging in substance use
was 7.5% (CI 1.5-13.6) when no accelerators were
present. This reduced to 4.2% (0.2—8.1) when in receipt
of positive parenting and 4.6% (0.8—8.4) when experien-
cing parental monitoring. When both accelerators were
present, substance use reduced to 2.4% (0.0-4.7). This is
a percentage-point reduction of 5.1 (3.1-7.1) in sub-
stance use.

The predicted probability of suffering from suicidal
ideation was 32.4% (CI 22.6—42.3) when no accelerators
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Table 3. Adjusted predicted percentage probabilities for experiencing SDG outcomes and no, one, and all significant accelerators

Percentage Confidence Difference in % probability compared to
probability interval no accelerator

Physical abuse
No accelerator 57.2 47.2-67.1
Positive parenting 509 40.2-61.5 6.1 (23-9.9)
Food sufficiency 50.9 416-60.3 6.1 (1.6-10.6)
AIDS-free caregiver 384 31.3-455 186 (11.6-25.6)
Parental monitoring 487 39.4-580 83 (4.2-124)
Positive parenting & food sufficiency 446 34.8-54.3 126 (86-16.6)
Positive parenting & AlDS-free caregiver 325 25.2-398 24.7 (20.9-285)
Positive parenting & parental monitoring 424 328-519 14.8 (10.8-18.8)
Food sufficiency & AlDS-free caregiver 326 26.8-383 24.6 (20.7-28.5)
Food sufficiency & parental monitoring 424 34-50.8 14.8 (10.8-18.8)
AIDS-free caregiver & parental monitoring 306 25.0-36.1 212 (175-24.9)
Positive parenting, food sufficiency & AIDS-free caregiver 270 212-328 30.2 (26.2-34.2)
Positive parenting, food sufficiency & parental monitoring 363 279-447 212 (17.0-254)
Positive parenting, AIDS-free caregiver & parental 252 19.7-30.7 32.0 (28.0-36.0)
monitoring
Food sufficiency, AIDS-free caregiver & parental monitoring  25.3 21.1-294 31.9 (28.7-35.1)
Positive parenting, food sufficiency, AIDS-free caregiver & 204 16.4-24.5 322 (29.0-374)
parental monitoring

Emotional abuse
No accelerator 530 42.8-63.1
Positive parenting 46.1 35.4-56.7 6.9 (3.1-10.7)
Food sufficiency 426 33.2-519 104 (59-14.9)
AlIDS-free caregiver 317 25.2-38.2 213 (14.2-284)
Parental monitoring 445 35.2-53.7 85 (44-126)
Positive parenting & food sufficiency 359 26.6-453 17.1 (13.1-21.1)
Positive parenting & AIDS-free caregiver 258 194-32.2 27.2 (234-31.0)
Positive parenting & parental monitoring 377 28.4-47.1 153 (11.3-19.3)
Food sufficiency & AlDS-free caregiver 230 18.2-27.9 30.0 (26.4-33.6)
Food sufficiency & parental monitoring 345 264-42.5 185 (15.1-21.9)
AIDS-free caregiver & parental monitoring 245 19.7-294 285 (25.1-31.9)
Positive parenting, food sufficiency & AIDS-free caregiver 18.1 13.5-22.7 349 (31.0-38.9)
Positive parenting, food sufficiency &parental monitoring 283 20.6-36.1 247 (20.6-28.8)
Positive parenting, AIDS-free caregiver & parental 194 14.8-24.1 33.6 (29.7-37.5)
monitoring
Food sufficiency, AIDS-free caregiver & parental monitoring  17.1 13.8-204 359 (32.9-389)
Positive parenting, food sufficiency, AIDS-free caregiver & 130 10.0-16.1 40.0 (35.9-44.1)
parental monitoring

Bullying
No accelerator 85.7 79.4-919
Food sufficiency 80.2 72.9-87.5 55 (23-87)
AIDS-free caregiver 774 72.1-826 83 (3.3-13.3)
Parental monitoring 813 744-88.2 44 (13-7.5)
Food sufficiency & AlDS-free caregiver 704 65.2-75.5 153 (11.8-18.8)
Food sufficiency & parental monitoring 75.0 674-82.6 10.7 (7.8-13.6)
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Table 3. Adjusted predicted percentage probabilities for experiencing SDG outcomes and no, one, and all significant accelerators

(Continued)
Percentage Confidence Difference in % probability compared to
probability interval no accelerator

AlIDS-free caregiver & parental monitoring aws 66.8-76.6 14.0 (10.7-17.3)

Food sufficiency, AIDS-free caregiver & parental monitoring  64.0 59.8-68.3 21.7 (18.7-24.7)
HIV risk behaviour

No accelerator 220 11.8-322

Food sufficiency 16.7 8.8-24.7 53(1.9-87)

AIDS-free caregiver 133 8.0-186 8.7 (3.8-13.6)

Parental monitoring 16.3 8.2-244 5.7 (26-838)

Food sufficiency & AlDS-free caregiver 96 58-133 124 (9.8-15.0)

Food sufficiency & parental monitoring 120 6.1-179 10.0 (7.5-12.5)

AIDS-free caregiver & parental monitoring 93 56-129 12.7 (10.2-15.2)

Food sufficiency, AIDS-free caregiver & parental monitoring 6.5 4.1-89 155 (13.3-17.7)
TB symptomatic

No accelerator 58 1.2-104

AIDS-free caregiver 25 06-44 33 (2.7-39)
Witnessing domestic violence

No accelerators 27.1 17.6-36.6

Food sufficiency 179 10.7-25.1 92 (5.7-12.7)

AIDS-free caregiver 183 12.6-24.1 8.8 (3.3-14.3)

Food sufficiency & AlDS-free caregiver 1.3 75-15.0 15.8 (13.0-18.6)
Experiencing community violence

No accelerators 55.7 45.0-664

Food sufficiency 476 374-578 8.1 (3.6-126)

AlIDS-free caregiver 393 32.2-464 16.4 (9.5-23.3)

Parental monitoring 50.5 40.5-60.5 52 (1.1-93)

Food sufficiency & AlDS-free caregiver 317 259-375 24.0 (20.2-27.8)

Food sufficiency & parental monitoring 424 33.1-51.7 13.3 (9.8-16.8)

AIDS-free caregiver & parental monitoring 344 28.5-40.2 3 (176 -25.0)

Food sufficiency, AIDS-free caregiver & parental monitoring  27.2 22.7-31.7 285 (25.3-31.7)
Witnessing community violence

No accelerators 433 31.9-54.7

Food sufficiency 353 25-455 80 (3.7-12.3)
Substance use

No accelerators 75 1.5-136

Positive parenting 42 0.2-8.1 33(14-52)

Parental monitoring 46 0.8-84 29 (1.1-47)

Positive parenting & parental monitoring 24 0.0-4.7 5.1 (3.1-7.1)
Suicide ideation

No accelerators 324 226-42.3

Positive parenting 274 17.9-37 5.0 (14-8.6)

Food sufficiency 232 152-313 9.2 (53-13.1)

AIDS-free caregiver 178 12.3-23.2 146 (9.1-20.1)

Positive parenting & food sufficiency 19.1 11.6-26.6 133 (96-17.0)

Positive parenting & AlDS-free caregivers 143 92-194 18.1 (14.6-21.6)
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Table 3. Adjusted predicted percentage probabilities for experiencing SDG outcomes and no, one, and all significant accelerators

(Continued)
Percentage Confidence Difference in % probability compared to
probability interval no accelerator
Food sufficiency & AlDS-free caregivers 11.5 7.8-153 209 (18.0-23.8)
Positive parenting, food sufficiency & AIDS-free caregivers 9.0 56-124 234 (19.8-27.0)

were present. This reduced to 27.4% (17.9-37.0) when
receiving positive parenting, 23.2% (15.2-31.3) when
food secure and 17.8% (12.3-23.2) when living with an
AIDS-free caregiver. Further reductions were observed
for different combinations of two accelerators (Table 3,
Fig. 2). Suicide ideation reduced to 9% (5.6—12.4) when
all three accelerators were present. This is a percentage-
point reduction of 23.4 (19.9-27.0) in suicide ideation.

Across all outcomes where it was a significant acceler-
ator, living with an AIDS-free caregiver was the acceler-
ator contributing to the largest reduction in poor
outcomes.

Discussion

Aiming to achieve even a prioritized subset of the SDGs
poses great challenges for lower- and middle-income
countries and is even more challenging in countries with
the highest HIV prevalence. Compared to upper-income
countries, their governments have less tax revenue, and
their populations include higher proportions of young
people suffering a greater range of deprivations. Acceler-
ators provide an essential opportunity, by identifying
how particular interventions that might be undertaken,
or particular circumstances that might be improved, can
offer significant improvements on three or more SDG
targets. Additionally, two or more accelerators may
achieve enhanced additive impact on a particular
outcome.

This study tested for accelerators among adolescents
in especially highly HIV-prevalent and notably deprived
communities in South Africa, and identified four accel-
erators which may aid government in reaching its SDGs
in this population: living with an AIDS-free caregiver,
food sulfficiency, positive parenting, good parental moni-
toring. Each of these accelerators showed positive associ-
ations across at least three out of twelve SDG targets.
Firstly, living with a caregiver who was not HIV-
symptomatic was the accelerator with the most substan-
tial association across SDG targets. This expands on evi-
dence from South Africa which finds that living with an
AIDS-unwell caregiver is associated with a large array of
negative outcomes in adolescents [11] and puts children
at heightened risk of violence exposure [27, 28]. Con-
versely, provision of universal access to treatment and
testing and early initiation to antiretroviral medication
in health systems, such as the 90-90-90 strategy, reduces
the number of people with HIV symptomology [29]. It is

poignant that the fundamental and essential need of
keeping parents alive and healthy appears to be the most
impactful accelerator tested in this research.

Secondly, food sufficiency was the accelerator with the
next most substantial association across SDG targets.
This amplifies a wide array of evidence from sub-
Saharan Africa demonstrating that food sufficiency not
only affects nutritional status, growth and weight, but is
also strongly correlated with improved educational out-
comes [30], improved mental health [31], reduced vio-
lence exposure and perpetration [32, 33] and reduced
risk behaviours [33, 34]. Cash transfers and feeding pro-
grammes that reduce food insufficiency [35] will likely
help governments achieve a number of SDG targets
across multiple SDGs, and evidence from randomized
trials [36] and other studies investigating accelerators
seems to support this [10].

Thirdly, parenting in the form of very positive parent-
ing and very good monitoring showed appreciable asso-
ciations predominantly across SDG targets related to
violence and mental health. This is in line with a grow-
ing body of evidence from small-scale evaluations on
parenting programmes in sub-Saharan Africa, demon-
strating their importance in child and adolescent devel-
opment. In South Africa, they have been shown to
increase positive parenting and parental monitoring
which in turn reduce physical and emotional abuse [37],
and show reductions in poor mental health expressed
through behaviour problems and substance use [38, 39].
Thus far, parenting interventions have shown limited
reach and are resource intense which can make their
scale-up challenging in places where families experience
structural issues. Evidence for the effectiveness of par-
enting interventions at scale is emerging through the
COVID-19 parenting emergency response [40] which
has to date reached 193 million people globally and
which demonstrates some capacity for scale, with an
evaluation in 11 countries showing increased parental
engagement and play, more confidence in having posi-
tive relationships with their child, less physical abuse
and less emotional abuse [41]. In addition, an evaluation
of parenting programmes at scale in LMICs is under
way [42] as are advances made in a new generation of
digital parenting programmes which are yet to be de-
ployed and evaluated but have scope for scale-up
through their mechanism of delivery. It is important to
note that poor parenting is rarely a choice, but rather an
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expression of structural issues faced by families such as
financial stress, poor health and education systems or
unsafe neighbourhoods [43]. Improvements in parenting
will likely be seen when these structural issues, over
which parents have limited control, are resolved [44].

In addition, this study identified additive effects on
SDG targets, of accelerators in combination with each
other. For example, food sufficiency was associated with
improvements on seven SDG targets, but in combination
with one or more of the other three accelerators, im-
provements on SDQG targets were more substantial. This
evidence supports that for adolescents to do well, they
need to have three fundamental needs met: a parent
who is alive and well, enough to eat and receive good
parenting. In the context of very high HIV prevalence,
none of these can be assumed and as such, these may
need to be planned for to be provided together in order
to achieve best possible outcomes for adolescents across
multiple SDGs and their targets.

Fourthly, free schooling and teacher support were not
considered accelerators as they each were not associated
with three or more SDG outcomes. Each of these were
individually associated with the SDG outcomes but those
relationships were not sustained over and above the
other pragmatic actions in the full model. These are im-
portant interventions in their own right, but in this con-
text, for the purposes of this analysis, good parenting,
AIDS-free caregiver and food sufficiency by themselves
and in combination were found to be more important
and future analyses should investigate this more. A fu-
ture key area of investigation should focus on determi-
nants of access to each accelerator and combinations of
accelerators to allow governments to target populations
lacking the presence of these accelerators in order to im-
prove outcomes at the population level.

The path model also tested for moderation effects by
sex, using the by-group analysis capability of Mplus.
There was no significant difference. This is in contrast
to other research from the area, using pooled cohorts,
which finds significant differences in accelerators for
boys and girls [45].

This study is subject to several limitations. First, the
data in this study stem from black African adolescents
in deprived settings within two provinces in South Af-
rica. They are therefore not representative of South Af-
rica as a whole. However, the study benefitted from in-
sample variation with regard to location, sociodemo-
graphic characteristics, access to accelerators and SDG
target outcomes. Second, the data from this study are
now 10 years old which may limit the usefulness of the
result. While the number of adolescents receiving school
meals/free schooling and government cash transfers and
access to antiretroviral has significantly increased in the
years since the data were collected, the data serve as an
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important reminder of the importance of universal ac-
cess to these types of interventions. In addition, there is
evidence from recent accelerator studies in South Africa
that receipt of cash transfers in areas with 95% coverage
reduces risk for physical and emotional abuse and in-
creases HIV care retention and school progression [10].
Further where state cash transfer coverage is near uni-
versal, randomized experiments have shown that impacts
of cash transfers increase with the size of the transfer
[46] and that additional payments on top of the govern-
ment grant consistently reduce deprivation among girls
in relation to violence, relationships as well as economic-
ally [47]. Third, accelerator provision was not based on
receipt of interventions except for the free-school
provision, but rather on real-world conditions existing in
adolescent’s lives. Since the provision had to be received
across both data collection points, it was not possible to
determine whether the positive association of these pro-
visions was due to more sustained or lifelong receipt,
and whether provision of specific interventions could
achieve the same outcomes. However, hypothesized ac-
celerators were selected on the basis that they address
behaviours or shortcomings which could be directly pro-
vided through real-world interventions, potentially
underpinned by rigorous evidence from randomized ex-
periments. Additionally, the findings do not establish
causation. However, they do provide real-world evidence
of provisions in which governments can invest, to help
them achieve their SDG targets. Fourth, all measures
employed in this study use self-report and are as such
susceptible to social desirability bias. To mitigate meas-
urement error, the study used validated and piloted mea-
sures which had been previously used with adolescents
in South Africa and made use of specialist training for
interviewers to encourage disclosure and trust in the re-
search project. High retention rates at follow-up speak
to the fact that adolescents were comfortable with par-
ticipation. Fifth, while the study controlled for several
potential sociodemographic confounders, the use of ado-
lescent self-report precluded the collection of reliable
data on parental income, mental health and educational
status and future studies should make use of parent re-
port to address this. Finally, the study conducted
multiple-hypothesis testing which can result in errone-
ous inferences. However, this study corrected for
multiple-hypothesis testing and also accounted for cor-
relations among the multiple outcomes reducing the risk
of such errors.

Conclusion

This study demonstrates the potential of four accelera-
tors, positive parenting and parental monitoring, food
sufficiency and AIDS-free caregivers. These could trans-
late to three real-world interventions: parenting
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programmes, cash transfers and early HIV treatment ini-
tiation and retention. With government commitment,
these have shown high acceptability and cost-
effectiveness. By combining them and expanding reach,
governments in sub-Saharan Africa have the potential to
assist their rapidly expanding adolescent populations to
reach ten targets across four SDGs.
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