
1 

 

 

 

 

 

 

 

 

 

 

 

 

HIV/AIDS and Educational Attainment Among South 

African Children and Adolescents 

 

 

Research Report (ECON7053A) 

submitted in partial fulfilment (50%) of the 

Degree of Master of Commerce (CCA01 – Health Economics) 

in the School of Economics and Finance, 

University of the Witwatersrand 

 

by 

 

Simon Halvey 

2029536 

simon.t.halvey@gmail.com 

 

 

 

Supervised by Professor Frikkie Booysen 

 

 

 

June 2023 

 

 

Word Count: 17,205 

 

  



2 

 

 

Abstract 

 

This study examines the effects of HIV-infection, antiretroviral treatment exposure and viral 

load suppression on indicators of educational attainment among children and adolescents of 

school-going age in South Africa using data from a nationally representative survey and linked 

biomedical information. This study employs propensity score matching-based approaches to 

examine the effects of HIV-related indicators on educational attainment overall and within each 

gender. This study also uses decomposition analyses to examine the contribution of HIV-

related indicators to gender gaps in educational attainment, and to identify factors contributing 

to differences in the impacts of HIV-related factors on educational attainment of females 

specifically. It is found that HIV-positive status has a significant impact on the likelihood of 

school attendance, absenteeism, and being old for one’s grade. This is the case for all children 

and adolescents of school-going age. These effects are statistically significant for girls but not 

for boys. The study also finds that HIV-related factors contribute to gender gaps in school 

attendance, and that these gaps are observed in all tiers of the HIV treatment cascade. These 

results indicate that HIV-related factors impact disproportionately and negatively on 

educational attainment for girls. Further research on the gendered nature of the impact of HIV 

on education in South Africa is encouraged, as is the design of health and education policies 

that specifically target improved education outcomes among HIV-positive girls.  



3 

 

 

Table of Contents 

 
Abstract ................................................................................................................................................... 2 

Table of Contents .................................................................................................................................... 3 

List of Figures ......................................................................................................................................... 4 

List of Tables .......................................................................................................................................... 4 

Table of Acronyms ................................................................................................................................. 5 

1 Introduction ..................................................................................................................................... 6 

1.1 Background ............................................................................................................................. 6 

1.2 The 90-90-90 strategy ............................................................................................................. 7 

2 Theoretical Framework ................................................................................................................... 9 

3 Literature Review .......................................................................................................................... 10 

4 Data ............................................................................................................................................... 13 

4.1 SABSSM Survey .................................................................................................................. 13 

4.2 Causal Inference with Observational Data ............................................................................ 14 

4.3 Estimating Gender Gaps in Educational Attainment ............................................................ 15 

5 Methodology ................................................................................................................................. 16 

5.1 Identifying Relevant Variables in the SABSSM Dataset ...................................................... 16 

5.2 Propensity Score Matching Analysis .................................................................................... 17 

5.3 Decomposition Analysis ....................................................................................................... 19 

6 Results ........................................................................................................................................... 20 

6.1 Performance against the 90-90-90 targets ............................................................................. 20 

6.2 Summary of the SABSSM data ............................................................................................ 24 

6.3 Logit regressions ................................................................................................................... 27 

6.4 Propensity score matching analysis ...................................................................................... 29 

6.5 Oaxaca-Blinder decomposition analysis ............................................................................... 36 

7 Discussion ..................................................................................................................................... 42 

8 Conclusion .................................................................................................................................... 49 

9 References ..................................................................................................................................... 51 

 

  



4 

 

 

List of Figures 
 

Figure 1: Total disability-adjusted life years (DALYs) among children and adolescents of school-

going age in South Africa, by cause, 2019 ............................................................................................. 7 

Figure 2: People living with HIV in South Africa, by gender and age cohort ...................................... 21 

Figure 3: ART exposure among people living with HIV in South Africa, by gender and age cohort .. 22 

Figure 4: Viral load suppression among ART-exposed people living with HIV in South Africa, by 

gender and age cohort ........................................................................................................................... 23 

  

 

List of Tables 

 

Table 1: Summary statistics of the SABSSM dataset for children and adolescents of school-going age 

in South Africa ...................................................................................................................................... 25 

Table 2: HIV/AIDS and educational attainment among children and adolescents of school-going age 

in South Africa ...................................................................................................................................... 28 

Table 3: Quality of matching in propensity score matching ................................................................. 30 

Table 4: Average treatment effect of HIV indicators on indicators of educational attainment, children 

and adolescents of school-going age ..................................................................................................... 32 

Table 5: Average treatment effect of HIV indicators on indicators of educational attainment, female 

children and adolescents of school-going age ....................................................................................... 34 

Table 6: Average treatment effect of HIV indicators on indicators of educational attainment, male 

children and adolescents of school-going age ....................................................................................... 35 

Table 7: Detailed Oaxaca-Blinder decomposition analyses results, by gender .................................... 37 

Table 8: Oaxaca-Blinder decomposition analysis results, within HIV-status, by gender ..................... 38 

Table 9: Summary of Oaxaca-Blinder decomposition analysis results, within females, by HIV status

 .............................................................................................................................................................. 40 

Table 10: Detailed unexplained coefficients for statistically significant Oaxaca-Blinder decomposition 

analysis results, within females, by HIV status .................................................................................... 41 

 

  



5 

 

 

Table of Acronyms 
 

AIDS acquired immunodeficiency syndrome 

ART antiretroviral treatment  

DALY disability-adjusted life year 

HIV human immunodeficiency virus 

HSRC Human Sciences Research Council 

RCT randomized controlled trial 

RNA ribonucleic acid 

SABSSM South African National HIV Prevalence, Incidence, Behaviour and Communication Survey  

STI sexually transmitted infections 

UNAIDS Joint United Nations Programme on HIV/AIDS  

 

 

  



6 

 

 

1 Introduction 

1.1 Background 

 

Despite the significant gains made in curbing the HIV/AIDS pandemic over the past two 

decades, the disease remains a significant public health concern in South Africa – HIV 

prevalence rates in South Africa are the fourth-highest globally, while the total population 

living with HIV in the country – an estimated 7.9 million individuals, representing nearly 20% 

of the global population living with HIV – is by far the highest globally. Indeed, most recent 

estimates from the Global Burden of Disease Study suggests that HIV/AIDS remains the single 

largest cause of premature mortality and morbidity in the country. Of chief concern is a trend 

of burgeoning HIV-related premature mortality and morbidity among children and adolescents 

of school-going age (aged 5-19 years) in South Africa. Indeed, as illustrated in Figure 1, below, 

HIV/AIDS represents the largest contributor to the accrual of disability-adjusted life years 

(DALYs) – a measure of overall disease burden – among children and adolescents of school-

going age in South Africa, accounting for nearly a third of total disease burden within this age 

cohort in 2019 (IHME, 2021). Moreover, HIV/AIDS is often a contributing comorbidity to 

many of the other significant contributors to morbidity among this age-group, most notably 

tuberculosis, which is the fifth-largest contributor, suggesting that HIV/AIDS is an even more 

significant cause of disease burden among children and adolescents of school-going age in 

South Africa (IHME, 2021). 
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Figure 1: Total disability-adjusted life years (DALYs) among children and adolescents of school-going age in 

South Africa, by cause, 2019

 

Source: IHME (2021) 

 

This substantial disease burden is associated with significant losses in human capital – losses 

which, among younger cohorts, are a direct function of the lower levels of educational 

attainment typically associated with HIV-positive status among children. Evidence in the 

literature (Zinyemba, Pavlova and Groot, 2020; Goldberg and Short, 2016; Guo, Li and Sherr, 

2012) suggests several mechanisms through which HIV can impact on a child’s educational 

attainment: (1) a child may miss school days due to HIV-related illness or treatment-related 

issues; (2) HIV-positive parents may not be able to facilitate their children’s schooling due to 

HIV-related morbidity; or (3) the well-documented HIV-poverty nexus may contribute to 

socio-economic barriers to educational enrolment and attainment.  

 

1.2 The 90-90-90 strategy 

The first of these mechanisms suggests that increased severity of HIV-related morbidities is 

associated with increased levels of school absenteeism and associated reductions in educational 

attainment. In terms of HIV-related morbidities, specifically, the rate and severity of said 

morbidities is a direct function of the HIV viral load – the number of HIV copies present in a 

millimetre sample of blood (CDC, 2022). Such high HIV viral load is a chief determinant of 

the severity of morbidity in a patient. As a result, achievement of viral load suppression – or 

the reduction of HIV viral load to the point (under 200 copies per millimetre) that the 

individual’s immune system remains uncompromised and the virus is no longer transmissible 
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– through strict adherence to an antiretroviral treatment (ART) regime – remains the foundation 

of HIV treatment and prevention interventions globally (CDC, 2022).  

 

To this end, in 2014, the Joint United Nations Programme on HIV/AIDS (UNAIDS) 

implemented the 90-90-90 targets: namely, that, by 2020, 90% of people living with HIV know 

their HIV status (the first 90); that 90% of all people with diagnosed HIV infection receive 

sustained antiretroviral therapy (the second 90); and that 90% of all patients receiving 

antiretroviral treatment are virally suppressed (the third 90). Achievement of this cascade of 

targets by 2020 would result in at least 73% of people living with HIV achieving viral load 

suppression, with modelling from UNAIDS suggesting this would sufficiently reduce the 

number of new infections so as to achieve HIV/AIDS epidemic control by 2030 (UNAIDS, 

2014). Granted the ubiquitous nature of the 90-90-90 targets in HIV treatment and prevention 

campaigns globally, and granted the fact that these targets specifically seek to achieve viral 

load suppression which manifests as reduced rates and severity of HIV-related morbidities in 

individual patients, thereby impacting on educational attainment and human capital 

development, the three targets of the 90-90-90 cascade – knowledge of HIV status, exposure 

to ART, and viral load suppression – therefore represent a logical set of independent variables 

to model the impact of HIV on educational attainment in South African children and 

adolescents of school-going age.  

 

Thus, there is ample theoretical basis for interrogation of the impact of antiretroviral treatment 

exposure and adherence, and associated viral load suppression status, among HIV-positive 

children of school-going age on educational attainment. Indeed, while there is an established 

literature on the human capital loss brought about by HIV in South Africa specifically, and in 

sub-Saharan Africa more generally, there is a dearth of literature on the impact of specific HIV-

related indicators – namely antiretroviral treatment (ART) access, ART exposure, and viral 

load suppression – on educational attainment rates specifically. Moreover, there is little 

evidence of how gender may contribute to the manifestation of these effects, and, specifically, 

whether HIV has a larger impact on educational attainment rates among girls than it does 

among boys.  

 

Given the aforementioned gap in the literature, this study, employing data with biomedical 

information on HIV for children and adolescents of school-going age in South Africa from the 
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5th South African National HIV Prevalence, Incidence, Behaviour and Communication Survey 

(SABSSM V), conducted in 2017/8 by the Human Sciences Research Council, uses propensity 

score matching-based analyses to examine the impact of HIV status, exposure to ART, and 

HIV viral load suppression on educational attainment among HIV children in South Africa and 

to examine how these impacts differ across genders. Further to this, the study also uses Oaxaca-

Blinder decomposition analysis to interrogate the extent to which these HIV indicators help 

explain gender gaps in educational attainment, and to assess the different contributions to HIV-

related educational attainment gaps within each gender.  

 

2 Theoretical Framework 

 

The relationship between health status and education is well established in the social science 

literature. Indeed, so prevalent and strong is this relationship, that Kolata (2007) notes there is 

near universal agreement among researchers that education, and educational attainment 

specifically, is the single most consistent and significant correlate of good health globally. 

Attempts to interrogate and explain this long-identified relationship were formalized by 

Michael Grossman (1976) who sought – based on his seminal model of health demand, which 

posited health as a durable capital good – to develop a methodological framework under which 

various explanations of the correlation between health and schooling could be examined 

(Grossman, 1976). Broadly, Grossman acknowledges three chief explanations for the 

established positive correlation between health and education: one which posits that the causal 

relationship runs from increases in education to increases in health status; a second which posits 

that the causal relationship runs in the opposite direction, from improved health status to 

increases in educational attainment; and a third which holds that there is no causality between 

the two variables, but rather that differences in one or more external variables affect health and 

education in the same direction (Grossman, 1976). Under the second of these assumptions, the 

direct effects of poor health on education are patently obvious – a child in poor health is almost 

certain to be absent from school more frequently than a child in good health, and is also likely 

to learn less in the days when they are at school as a function of this absenteeism and established 

morbidity-related obstacles to learning.  

 

However, Grossman (1976) notes a further potential effect of poor health on educational 

attainment, based on a model of demand for schooling developed in the same vein as his health 
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demand model. Here, Grossman notes that demand for schooling – which, like health, is a 

human capital investment – is a positive function of the efficiency with which a child is able to 

transform education into a stock of knowledge. This efficiency in the production of human 

capital from education is a direct function of a child’s mental ability and, of key importance to 

this study, physical health status (Grossman 1976; Lillard, 1973). The poorer a child’s physical 

health, and by virtue thereof, the lower a child’s efficiency in the production of human capital 

from investment in education, the lower the demand for investment in their education will be. 

Moreover, since education is an investment in human capital, the investment decision is likely 

to be determined by the number of periods over which returns on the investment can be 

collected. In the case of education, this number of periods is directly determined by the number 

of years that a child is expected to work and earn a wage, using their knowledge stock to 

generate income; these number of years are, in turn, a function of the child’s future life 

expectancy and, by virtue thereof, their health status – the poorer a child’s health status, the 

lower the expected return on an investment in their education, and the lower the demand for 

such an investment (Grossman, 1976). Thus, in addition to the effect of a child’s health status 

on their educational attainment, as a function of enforced absenteeism and poorer learning 

while at school, poor health status may have a negative impact on the demand for education, 

thus further impacting on their potential educational attainment. It is both of these potential 

effects which form the theoretical basis for the empirical hypotheses investigated in this study. 

 

3 Literature Review 

 

A review of the literature suggests that several studies globally have interrogated the direct 

effects of HIV on children’s educational attainment. A key contribution to this literature is the 

systematic review of such studies by Zinyemba, Pavlova and Groot (2020), which identifies 62 

studies – covering quantitative, mixed methods and qualitative approaches – interrogating the 

impact of HIV on school attendance. Specifically, this systematic review distinguishes three 

main effects of HIV on educational attainment of children, namely, the effects on sick children 

and orphans, the effects on gender-gaps, and the effects on the intergenerational transmission 

of education. The former two relationships are of chief importance to this research.  

 

In terms of the first effect – of HIV on educational outcomes of children – the authors identify 

28 quantitative studies which interrogate this relationship specifically, 20 of which found that 
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HIV-affected children – that is children infected with HIV, children with HIV-positive parents, 

or children who have been orphaned due to HIV – attained less education than HIV-unaffected 

children (Zinyemba, Pavlova and Groot, 2020). A review of the individual studies that 

comprised this systematic review reveals that these lower levels of educational attainment 

among HIV-affected children were the manifestation of several direct health effects on 

children: namely higher rates of illness-related school absenteeism (Anabwani et al., 2017; 

Mayes et al., 1996); more frequent incidence of school dropout among HIV-affected children 

(Parchure et al, 2016; Bele et al., 2011); and poorer educational performance (Ellis, 2004) due 

to illness.  

 

Further systematic reviews have also contributed to the literature relevant to this discourse. A 

systematic review by Goldberg and Short (2016) summarizes research on children living with 

HIV-infected and AIDS-ill adults in sub-Saharan Africa, and on the impact thereof on child 

well-being specifically. Of the 45 empirical studies included in the systematic review, nine 

identify the effect of residing with an HIV-infected adult on childhood educational outcomes 

specifically. Across these studies, it was found that co-residing with HIV positive adults or 

parents is associated with lower school attendance – with a more significant impact at 

secondary school level (Floyd et al., 2009), higher rates of drop-out (Orkin et al., 2014), non-

enrolment (Cluver et al., 2013), and deficits in grade progression (Akbulut-Yuksel & Turan, 

2013). These findings speak to one of the key mechanisms through which HIV infection can 

contribute to lower educational attainment, namely, that HIV-positive parents may not be able 

to facilitate their children’s schooling due to HIV-related morbidity. Furthermore, several 

studies found that children of school-going age may miss school, drop out of school, or not be 

in the correct grade due to the need to provide care to parents infected with HIV (Pufall et al., 

2014, Cluver et al., 2012). Once again, it was found that improved coverage of antiretroviral 

treatment could mitigate these impacts. Zivin et al. (2009) found that providing HIV-positive 

parents of Kenyan children with antiretroviral drugs led to a significant increase in weekly 

hours of schooling, while Delva et al. (2009) found that the positive health impacts of increased 

ART coverage among HIV-infected parents led to increased labour market participation, and 

avoidance of delays to their children’s education.  

 

A systematic review by Guo, Li and Sherr (2012), meanwhile, identifies and reviews 23 studies 

in the global literature on the effects of HIV/AIDS on children’s schooling. This review reveals 
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significant educational disadvantages among children affected by HIV (those children being 

orphaned or made vulnerable by HIV/AIDS), relative to HIV-unaffected children. These 

educational disadvantages are manifested across a variety of educational outcomes, including 

school enrolment and attendance (Case & Ardington, 2006; Yang et al., 2006); inappropriate 

grade level for age (Kasirye & Hisali, 2010; Ainsworth et al., 2005); and poor school 

performance (Tu et al., 2009). Further studies have interrogated potential protective effects of 

education on HIV infection – that is the potential for schooling and the status of being in school 

to protect against the likelihood of HIV infection – with a number identifying such potential 

protective effects (Santelli et al., 2013; Pettifor et al., 2012; Bärnighausen et al., 2007).  

 

Within this broader literature, however, there is a significant lack of studies that specifically 

examine the effects of HIV serostatus among children on their educational attainment, largely 

due to a dearth of datasets that include sufficient biomedical information about children’s HIV 

serostatus (Zinyemba, Pavlova and Groot, 2021). In one study which does examine such 

effects, Parchure et al. (2016) interrogate the educational outcomes of family-based HIV-

infected children from Maharashtra, India, using data from a survey of 510 households in the 

region. The study found that HIV-infected children of school-going age were seven times more 

likely to be out of school than their HIV-negative counterparts, and were also three times more 

likely to be in an inappropriate grade for their age (Parchure et al., 2016). Another study by 

Anabwani et al. (2016) examines the schooling outcomes of HIV-infected children in 

Botswana, using data from a cross-sectional survey among HIV-infected and HIV-uninfected 

children aged 6-8 years. The authors find higher levels of school absenteeism among HIV-

infected children, than their HIV-uninfected counterparts, while inappropriate grade level for 

age was three times more prevalent among HIV-infected children (Anabwani, et al., 2016). 

While this literature does present an initial exposition of the effect of HIV on children’s 

educational attainment, what is apparent in the literature is a scarcity of studies that examine 

the effect of childhood HIV infection, specifically, due to a lack of datasets with appropriate 

information on children’s HIV serostatus. The availability of such data in the SABSSM dataset 

(which is discussed in further detail below), allows for a fairly significant contribution to this 

literature. 

 

In terms of the second main effect of HIV on educational attainment of children identified by 

Zinyemba, Pavlova and Groot (2020) – the effects on gender-gaps – the authors identify 10 
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papers in the literature which interrogate such effects, specifically, six of which find negative 

effects of HIV on gender differences in educational attainment (Zinyemba, Pavlova and Groot, 

2020). The direction and magnitude of these effects on gender gaps, however, do differ across 

these studies: while some studies found that the impact of HIV of educational attainment was 

pro-boy, realized as higher rates of school attendance (Delva et al., 2009) or better school 

performance (Harrison et al., 2017) among HIV-affected boys than HIV-affected girls, other 

studies found that the effect was pro-girl in nature, with higher rates of grade progression 

(Orkin et al., 2014), higher likelihood of appropriate grade level for age (Pufall et al., 2014), 

and higher levels of educational functioning (Hensels et al., 2016) among HIV-infected girls 

than HIV-infected boys. What is abundantly clear from this literature review, however, is that 

the extant literature on the direct impact of childhood HIV-infection on children’s educational 

attainment, and on the effects thereof on gender gaps in educational attainment specifically, at 

present is rather limited. 

 

4 Data 

4.1 SABSSM Survey 

 

This study uses data from the South African National HIV Prevalence, Incidence, Behaviour 

and Communication Survey (SABSSM) conducted by the HSRC in 2017, employing 

nationally and provincially representative samples. This cross-sectional, population-based 

household survey was conducted using a multistage stratified random cluster sampling 

approach. This survey included people of all ages living in South Africa. All members in the 

selected households were invited to participate. Data was collected from respondents using a 

set of four questionnaires – a household (or visiting point) questionnaire, and age-cohort 

specific questionnaires for parents and guardians of children aged 0-11 years, children aged 

12-14 years, and people aged 15 years and older. Granted the sensitive nature of the data being 

collected, informed consent was sought from all respondents. To link survey data with health 

status indicators of interest, questionnaires were linked with anonymous testing procedures, 

with testing conducted at accredited laboratories. 

 

The survey targeted an initial 15,000 visiting points, of which 11,776 were valid visiting points 

approached for participation, from which 9,656 agreed to participate in the survey. From these 

9,656 visiting points, 39,132 individuals were eligible for interview and to provide a blood 
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sample. Among these eligible individuals, 36,609 (93.6%) agreed to be interviewed, with the 

6.4% non-response attributable to individuals being absent from the household at the time of 

the interview (2.4%), or refusing to be interviewed altogether (4.1%). Blood specimens were 

provided by 23,923 (61.1%) of eligible individuals and anonymously linked to completed 

questionnaires. A total of 12,686 individuals who completed the questionnaire refused to 

provide a blood sample, accounting for 32.4% of the eligible study population. 

 

The resultant SABSSM dataset contains provincially and nationally representative data on a 

variety of HIV-related indicators. Of specific interest to this study, these include data from the 

blood specimens on HIV serostatus, exposure to antiretroviral treatment, viral load 

suppression, and HIV drug resistance. These data are linked with data from the various 

questionnaires covering demographics; orphan status; education; HIV knowledge, attitudes 

beliefs and values; sexual history; delivery and care details; male circumcision; HIV testing 

and risk perception; drug and alcohol use; health status; mental health; and intimate partner 

violence. This dataset, therefore, provides a large, robust and representative sample, using 

observational data, through which the causal effect of interest – namely of relevant HIV 

serostatus indicators on educational attainment – can be duly interrogated using appropriate 

econometric methods. 

 

4.2 Causal Inference with Observational Data 

 

While the SABSSM survey, as described above, clearly provides a large and variable-rich 

dataset, based on nationally and provincially representative samples, the fact remains that the 

data therein is observational in nature, which entails an important problem in the estimation of 

such treatment effects. Indeed, it is widely acknowledged that randomized controlled trials 

(RCTs) – an intervention study, as opposed to an observational study, in which the treatment 

of interest is randomly assigned to one of two groups, and the response thereto measured – 

represent the gold standard in research design for causal inference, by virtue of the elimination 

of various forms of bias that are inherent observational studies (Pan and Bai, 2018). However, 

the randomized controlled trial approach is not feasible in this instance, granted the clear ethical 

barriers to the systematic denial of life-saving antiretroviral treatment from one cohort of the 

population. In lieu of a feasible RCT-based research design, observational studies are often 

used to draw inferences from a sample to a population on the possible effect of a treatment on 

a treatment group versus a control group, where assignment of the independent treatment 
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variable is beyond the control of the researcher. Naturally, since assignment of subjects to the 

treatment and control groups is not random in observational studies, the estimation of treatment 

effects under such studies are at increased risk of bias, due to the likelihood of systematic non-

random selection of individuals into treatment or control groups, and, similarly, due to the 

potential existence of confounding factors (Nichols, 2007; Becker and Ichino, 2002).  

 

A prerequisite for the robust estimation of treatment effects in observational studies, therefore, 

is the use of quasi-experimental research designs, which employ approaches to causal inference 

that, by their design, serve to reduce the bias inherent in observational studies. One such 

approach to reducing bias inherent in the estimation of treatment effects with observational 

datasets that has gained increasing traction in the health economics literature is propensity score 

matching. First espoused in the seminal paper by Rosenbaum and Rubin (1983), propensity 

score matching, as the name suggests essentially aims to mimic the properties of a randomized 

controlled trial by creating control and treatment groups that are comparable on all relevant 

observed covariates – measured as the conditional probability of assignment to a particular 

treatment given observed covariates – and then by estimating the average treatment effect as 

per typical experimental designs (Pan and Bai, 2018). As Caliendo and Kopeinig (2008) note, 

propensity score matching can be, and indeed has been, applied in a variety of fields of study 

in which causal treatment effects are being interrogated, including health economics. 

Furthermore, Caliendo and Kopeinig (2008) note that propensity score matching is applicable 

in all situations in which a study, akin to this one, has an identified treatment, an identifiable 

group of treated individuals, and an identifiable group of untreated individuals. Given the 

applicability of this approach to observational studies, to health economics specifically, and to 

datasets such as that being used for this study, propensity score matching clearly represents a 

feasible approach to interrogating the effect of HIV viral load suppression on educational 

attainment using the SABSSM dataset. 

 

4.3 Examining Gender Gaps in Educational Attainment 

 

Multivariate decomposition – first posited by Blinder (1973) and Oaxaca (1973) – is an 

approach which is widely used in economics to “quantify the contributions to group differences 

in average predictions from multivariate models” (Powers, Yoshioka and Yun, 2011). 

Specifically, this approach uses the outputs of a regression model to explain the difference in 
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the means of a dependent variable between two groups by, as the name clearly suggests, 

decomposing such differences into two distinct parts in a counterfactual manner – one part that 

is due to differences in characteristics, and another part that is due to effects of these 

characteristics. This approach has been widely used to explore the determinants of gender gaps 

in educational attainment – Duryea et al. (2007) use decomposition analysis to examine the 

evolution of the educational gender gap in Latin America and the Caribbean over a forty-year 

period; Kingdon (2002) uses decomposition analysis to interrogate the reasons underpinning 

the education gender gap in Uttar Pradesh, India; and, most relevant to this study, Fotso, Banjo 

and Akinyemi (2018) use multivariate decomposition to interrogate the effect of the presence 

of HIV infection in the household on adolescents’ educational attainment in South Africa. The 

use of multivariate decomposition in the estimation of gender gaps in educational attainment 

is, thus, well established, and the prerequisites for its implementation – a regression output with 

distinct outcomes by gender – are well supported by the SABSSM dataset. 

 

5 Methodology 

5.1 Identifying Relevant Variables in the SABSSM Dataset 

 

Across the various analyses, the dependent variables of interest relate to school non-attendance 

(for children of school-going age), and overall educational attainment (for adolescents that are 

at an age where they ought to have completed schooling). As per the theoretical framework 

presented above, HIV infection could affect educational attainment through children being out 

of school altogether, children being in an inappropriate grade for their age, or through illness-

enforced absenteeism. Thus, the dependent variables of interest, for all children and adolescents 

of school-going age (aged 5-19 years), are based on the following survey questions: “Are you 

currently attending school?”; “In the last month, have you missed school?”; “What grade are 

you attending this year?”. The former two variables are already binary in nature, while the latter 

was combined with the child’s age data to generate a binary variable to represent appropriate 

grade for age, with an age that is two years older than the typical age-for-grade level being 

deemed “inappropriate for grade level”. For adolescents of possible matriculation age (17-19 

years), meanwhile, the dependent variable of interest is based on the survey question: “What 

is the highest educational level that you obtained?”, with a binary variable generated from this 

question to identify adolescents that had completed matric or higher. These binary variables, 

thus, represent the treatment variables employed in the propensity score matching analysis and 
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as the determinants of gender gaps in educational attainment explored in the decomposition 

analysis. The chief independent variables include HIV status, ART status, viral load status, 

gender, age and relevant parental and household characteristics. The biomedical data are drawn 

from the biomedical testing results, while the remaining dependent variables are drawn from 

relevant survey responses. 

  

5.2 Propensity Score Matching Analysis 

 

As mentioned above, analysis of the causal effect of interest – namely of HIV infection and 

related indicators on educational attainment – is conducted using a propensity score matching-

based approach. Inference about the causal effect of a treatment (e.g., HIV viral load 

suppression) on the outcome (e.g., school attendance) of an individual essentially involves 

speculation as to the potential outcome for said individual had they not received the specified 

treatment (e.g., what would the school attendance of an HIV-positive child without viral load 

suppression been had they been virally-suppressed?). Thus, under a binary treatment, such as 

that in this study, the treatment effect can be noted by the below equation: 

 

Equation 1: Treatment effect for individual i 

𝜏𝑖 =  𝑌𝑖(1) −  𝑌𝑖(0) 

 

where τ is the treatment effect for individual i, Yi(1) is the outcome when individual i receives 

treatment (e.g., has not achieved HIV viral load suppression), and Yi(0) is the outcome when 

individual i receives no treatment (e.g., has achieved viral load suppression) (Caliendo and 

Kopeinig, 2008). Naturally, the above situation presents an impossibility, namely that it is 

impossible for an individual to simultaneously both receive and not receive a treatment – a 

child cannot be simultaneously HIV positive and negative, or be simultaneously viral load 

suppressed and non-suppressed. This encompasses the fundamental evaluation problem of the 

missing counterfactual – that for any individual only one of the two possible treatment 

scenarios and associated outcomes is observable – and necessitates the use of average treatment 

effects on the treated within a population, rather than an individual treatment effect, for 

interrogating the impact of a treatment of interest (Caliendo and Kopeinig, 2008). This average 

treatment effect on the treated is expressed thusly: 
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Equation 2: Average treatment effect on the treated 

𝜏𝐴𝑇𝑇 ≡ 𝐸{𝑌1 −  𝑌0 | 𝐷 = 1} 

 

This equation essentially reflects the difference between expected outcome values with and 

without treatment for those individuals within the population who are exposed to the treatment 

of interest. Naturally, this leaves the same problem as the individual treatment effect, as 

described above, namely, that the counterfactual outcome for those being treated – represented 

by E[Y0 | D = 1] in Equation 2 – is unobserved. This requires the development of a suitable 

substitute for this counterfactual outcome, such that the average treatment effect on the treated 

can be accurately estimated (Caliendo and Kopeinig, 2008). Propensity score matching seeks 

to substitute this missing counterfactual by identifying, within the population which did not 

receive the treatment, a group – hereafter known as the control group – which is as similar as 

possible to the group within the population which did receive the treatment – hereafter known 

as the treatment group – based on a selection of pre-treatment characteristics (Becker and 

Ichino, 2002). This approach essentially seeks to create separate control and treatment groups 

which are equivalent in their respective conditional probabilities of receiving treatment. This 

probability of receiving treatment is known as the propensity score and is represented by the 

below equation: 

 

Equation 3: The propensity score 

𝑝(𝑋) ≡  Pr(D =  1|X)  =  E(D|X)  

 

where X is the multidimensional vector of pre-treatment characteristics (Becker and Ichino, 

2002). Substituting the propensity score from Equation 3 into the average treatment effect on 

the treated equation in Equation 2, allows for generation of an equation for the estimation of 

average treatment effects under a propensity score matching-based approach: 

 

Equation 4: Average treatment effect on the treated under propensity score matching 

𝜏𝐴𝑇𝑇
𝑃𝑆𝑀  = 𝐸[𝐸{𝑌1|𝐷 = 1, 𝑝(𝑋)} −  𝐸{𝑌0|𝐷 = 0, 𝑝(𝑋)}|𝐷 = 1] 

 

The above equation, as a standalone, remains insufficient for the estimation of the average 

treatment effect on the treated, due to the continuous nature of the propensity score variable 

p(X), which means that it would be impossible to find two observations with identical 
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propensity scores (Becker and Ichino, 2002). In lieu of exact matching of propensity scores, a 

number of matching algorithms have been employed in the literature, so as to most accurately 

match observations in the treatment and control groups. The most commonly employed of these 

matching algorithms are: nearest-neighbour matching, the most straightforward matching 

estimator, in which a single individual from the control group is chosen as a match for a single 

treated individual by virtue of having the closest propensity score to said treated individual; 

kernel matching, a non-parametric matching approach, which uses the weighted average of all 

individuals in the control group to construct a counterfactual outcome; and stratification 

matching, in which the common support of the propensity score is partitioned into a set of strata 

and the mean difference in outcomes between treated and control observations are estimated 

within said strata. All three of these matching algorithms are applied in this study in order to 

interrogate the veracity and sensitivity of the results. 

 

The propensity score matching approach, as outlined above, is implemented in this study using 

the pscore Stata package, as developed by Becker and Ichino (2002). This package is applied 

to the SABSSM dataset to generate an initial propensity score-based estimation of the average 

treatment effect on the treated for the whole population, which is used to interrogate the impact 

of HIV-related indicators (e.g., HIV viral load suppression) on indicators of educational 

attainment (e.g., school attendance) for the population as a whole; thereafter, separate PSM-

based regressions for boys and girls are run in order to interrogate whether these impacts differ 

by gender, or specifically, whether HIV/ART/viral load-status affect educational outcomes 

differently for boys and girls. As a robustness check, these propensity score matching 

approaches are repeated in this study using two additional Stata packages: the psmatch2 

package, developed by Leuven and Sianesi (2003); and the teffects package, which is standard 

with Stata.  

 

5.3 Decomposition Analysis 

 

Also as mentioned above, analysis of the gender gaps in the educational attainment outcomes 

of interest and the extent to which these HIV indicators help explain gender gaps in educational 

attainment is conducted using the multivariate decomposition approach as espoused by Blinder 

(1973) and Oaxaca (1973). Jann (2008) has developed a Stata command, oaxaca, for such 

nonlinear multivariate decomposition, and it is this approach, and this Stata routine, which is 
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employed in this section of the analysis. Specifically, the multivariate decomposition method 

developed by Jann (2008) is used to decompose the mean differences in the educational 

attainment variables as described above into differences in characteristics, which are described 

in the model as endowments, and differences in the effects of these characteristics, which are 

described in the model as coefficients. In order to fully analyse whether there are gender 

differences (HIV-positive boys vs. HIV-positive girls) in how the HIV indicators relevant to 

this study impact on gender gaps educational attainment, the following process is followed: an 

initial decomposition of the various measures of educational attainment by gender is conducted 

in the overall sample, with all three HIV treatment cascade indicators included as covariates in 

order to interrogate the potential contribution of these indicators to observed gender gaps in 

educational attainment; thereafter further decompositions of the various measures of 

educational attainment by gender are conducted within the various HIV status group sub-

samples in order to interrogate whether, within the HIV-positive, ART exposed and virally 

suppressed sub-populations, respectively, there are any gender-based differences in the various 

educational attainment outcomes and the nature of these differences; thereafter, separate 

decompositions of educational attainment by HIV status, within each specific gender, are 

conducted in order to examine whether the impacts of these various HIV status indicators differ 

across gender and to interrogate the factors that contribute to these HIV status-based 

differences within each gender. 

 

6 Results 

6.1 Performance against the 90-90-90 targets 

 

Figure 2, below, provides estimates from SABSSM of the proportion of people living with HIV 

in South Africa, disaggregated by gender and age cohort. As is evident in Figure 2, rates of 

HIV infection are highest among the 20-49 year-old age cohort (16.6%), and lowest among the 

0-4 year-old age cohort (1.5%). HIV infection rates among children and adolescents of school-

going age (5-19 years) are 2.7%. In terms of gender-based differences in rates of HIV infection 

it is notable that across all age cohorts, with the exception of the younger child cohort (0-4 

years), rates of infection are significantly higher among females than among males – with 3.0% 

of females aged 5-19 years testing HIV positive, relative to 2.3% of males. Rates of infection 

among working age adults (20-49 years) are similarly higher among females (21.6%) than 
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among males (9.8%); as are rates among older adults (50 years and older), where 10.1% of 

females are HIV-positive, relative to 6.8% of males. 

 

Figure 2: People living with HIV in South Africa, by gender and age cohort 

 

Source:  Own calculations from SABSSM 2017 dataset 

 

Figure 3 presents an overview of the proportion of people living with HIV in South Africa who 

were on ART at the time of the SABSSM survey, disaggregated by gender and age cohort. As 

is evident in Figure 3, ART exposure is lowest among children and adolescents, with only 

29.3% all children living with HIV aged 4 years and younger being exposed to ART. ART 

coverage rates among children and adolescents of school-going age living with HIV – those 

aged 5 to 19 years – are somewhat higher, at 36.7%, but still suggest that only slightly more 

than a third of all children and adolescents of school-going age in South Africa living with HIV 

are receiving ART. In terms of gender-based differences in rates ART exposure it is notable 

that across all age cohorts, mean rates of ART exposure are higher among females than among 

their male counterparts, although this gender difference is only statistically significant for 

working age adults (20-49 years). The low rates of ART coverage among the youth and 
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adolescent cohorts in South Africa are an ominous harbinger for the rates of viral load 

suppression among the HIV-positive, and for the potential impact thereof on the health status 

of South African youth living with HIV, and, by extension, on their potential educational 

attainment. 

 

Figure 3: ART exposure among people living with HIV in South Africa, by gender and age cohort 

 

Source:  Own calculations from SABSSM 2017 dataset 

 

Indeed, this impact on viral load suppression is patently evident in the SABSSM data. Figure 

4, below, provides estimates from SABSSM on the proportion of people living with HIV and 

exposed to ART who were virally suppressed – defined as a viral load threshold of <1 000 

copies HIV RNA/mL – at the time of the survey, disaggregated by age cohort. As is evident in 

Figure 4, rates of viral load suppression are akin to the aforementioned rates of ART exposure, 

with rates of viral load suppression highest among the oldest cohort (aged 50 years and over), 

and lowest among the younger child (aged 0-4 years) and children of school-going age and 

adolescent (aged 5 – 19 years) cohorts. Specifically, rates of viral load suppression are lowest 

within the younger child, and children of school-going age and adolescent cohorts, with only 
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36.8% and 53.5% of individuals living with HIV, respectively, being virally suppressed at the 

time of the survey. Again, the only statistically significant gender-based difference in rates of 

viral load suppression occurs in the working age adult (20-49 years) cohort where, again, rates 

of viral load suppression are higher among females than males. 

 

Figure 4: Viral load suppression among ART-exposed people living with HIV in South Africa, by gender and age 

cohort 

 

Source:  Own calculations from SABSSM 2017 dataset 

 

These data suggest particularly low rates of viral load suppression among children and 

adolescents of school-going age currently living with HIV in South Africa. Given the evidence 

in the literature of the negative impact of HIV on educational attainment in a broader sense, 

and given the hypothesised negative effect of reduced rates of viral load suppression 

specifically on educational attainment, these data potentially highlight a concerning trend in 

the potential future human capital development among youth living with HIV in South Africa. 

Interrogation of this relationship, and of the potential impact of extant reduced rates of ART 
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exposure on educational attainment among the HIV-infected youth in South Africa is, thus, a 

critically important contribution to the literature. 

 

6.2 Summary of the SABSSM data 

 

Table 1, below, provides summary statistics of the SABSSM data employed in the analyses 

reported in this paper, covering the chief HIV indicators relevant to this study – HIV status, 

ART exposure and viral load suppression; the educational attainment indicators relevant to this 

study – school attendance, absenteeism, age-for-grade status and rates of matriculation; as well 

as various explanatory covariates, including variables relating to the individual – age, gender, 

and race; and variables relating to the household – location, cohabitation with parents, single 

and double orphanhood, household size, and age of household head. Given the focus of the 

study, specifically the impacts of HIV-related indicators on educational attainment and the 

potentially gendered nature thereof, these summary statistics are disaggregated by both gender 

and by HIV status.  
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Table 1: Summary statistics of the SABSSM dataset for children and adolescents of school-going age in South Africa 

 
Source:  Own calculations from SABSSM 2017 dataset 
a Restricted to children and adolescents that are in school 
b Restricted to adolescents of possible matriculation age (17-19 years) 
# Statistically significant difference between means for males and females 
+ Statistically significant difference between means for sample population and HIV-positive population 

 

Both Males Females Both Males Females

N=20,675 N=10,145 N=10,530 N=551 N=233 N=318
Mean Mean Mean Mean Mean Mean

(Std Error) (Std Error) (Std Error) (Std Error) (Std Error) (Std Error)

0.0266 0.0229 0.0301#

(0.0011) (0.0014) (0.0016)

0.3666 0.3304 0.3930
(0.0205) (0.0308) (0.0274)

0.5353 0.5364 0.5345
(0.0212) (0.0327) (0.0280)

0.7953 0.7930 0.7998 0.7622 0.8369 0.7075#+

(0.0028) (0.0040) (0.0038) (0.0181) (0.0252) (0.0255)

0.1974 0.2266 0.1702# 0.2617+ 0.2352 0.2834
(0.0037) (0.0054) (0.0052) (0.0239) (0.0351) (0.0327)

0.1709 0.1742 0.1678 0.2182+ 0.2094 0.2266
(0.0028) (0.0041) (0.0040) (0.0197) (0.0289) (0.0269)

0.1345 0.1155 0.1526# 0.1333 0.1458 0.1282
(0.0077) (0.0107)  (0.0112) (0.0350) (0.0808) (0.0384)

11.6608 11.5781 11.7401 13.0871+ 12.3133+ 13.6540#+

(0.0298) (0.0426) (0.0418) (0.1866) (0.2661) (0.2536)

0.5093 0.5771+

(0.0034) (0.0210)

0.7838 0.7848 0.7829 0.9347+ 0.9305+ 0.9379+

(0.0029) (0.0042) (0.0041) (0.0109) (0.0173) (0.0141)

0.1143 0.1142 0.1143 0.0415+ 0.0277+ 0.0517+

(0.0023) (0.0032)  (0.0032) (0.0088) (0.0112) (0.0130)

0.0470 0.0468 0.0471 0.0039+ 0.0046+ 0.0034+

(0.0015) (0.0021) (0.0021) (0.0027) (0.0046) (0.0034)

0.0547 0.0540 0.0554 0.0197+ 0.0370+ 0.0068+

(0.0016) (0.0023) (0.0023) (0.0045) (0.0100) (0.0046)

0.4807 0.4801 0.4811 0.3593+ 0.3218+ 0.3867+

(0.0034) (0.0049) (0.0048) (0.0204) (0.0306) (0.0273)

0.1501 0.1436 0.1567 0.3139+ 0.3004+ 0.3238+

(0.0024) (0.0034) (0.0035) (0.0197) (0.0300) (0.0262)

0.0245 0.0243 0.0248 0.0834+ 0.0643+ 0.0974+

(0.0010) (0.0015) (0.0015) (0.0117) (0.0161) (0.0166)

 6.8116 6.7599 6.8615 7.3206 7.7488  7.0065
(0.0310) (0.0457) (0.0420)  (0.2156) (0.4116) (0.2194)

51.4814 51.4883  51.4767 52.4307 54.1928  51.1381
(0.1180) (0.1698) (0.1642) (0.7038) (1.0760)  (0.9248)

0.2513 0.2516 0.2495 0.2704 0.2188 0.3081
(0.0030) (0.0043) (0.0042) (0.0189) (0.0271) (0.0259)

0.1924 0.1940 0.1914 0.2141 0.2145 0.2138
(0.0027)  (0.0039) (0.0038) (0.0174) (0.0269) (0.0230)

0.1843 0.1823 0.1866 0.1960 0.2060 0.1886
(0.0026) (0.0038) (0.0037) (0.0169) (0.0265) (0.0219)

0.2023 0.1992 0.2057 0.2014 0.2060 0.1981
(0.0027) (0.0039) (0.0039) (0.0171) (0.0265) (0.0223)

0.1694 0.1726 0.1665 0.1179+ 0.1545 0.0911+

(0.0026) (0.0037) (0.0036)  (0.0137) (0.0237) (0.0161)

Individual characteristics

Total HIV+

HIV positive

ART exposure

Viral load suppression

Education characteristics

At school

Old for gradea

Enforced absenteeisma

Matriculatedb 

Household size

Age

Female

African

Coloured

Indian

White

Household characteristics

Urban

Maternal/Paternal Orphan

Double Orphan

Richest

Age of household head

Household wealth quintile

Poorest

Second

Middle

Fourth
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Approximately 2.7% of the sample of children and adolescents of school-going age (5-19 

years) are HIV-positive, with higher rates among females (3.0%) than among males (2.3%), as 

highlighted above. The rate of ART exposure among the HIV-positive cohort in the sample is 

36.7%, with 33.0% of HIV-positive boys and 39.3% of HIV-positive girls in the sample being 

exposed to ART. The rates of viral load suppression, meanwhile, are more or less equal across 

gender, with 53.6% of ART-exposed HIV-positive boys being virally suppressed, relative to 

53.5% of ART-exposed HIV-positive girls. The four educational attainment indicators that are 

used in this study are, for all children and adolescents of school-going age (aged 5-19 years), 

school attendance, absenteeism and age-for-grade status, and, for adolescents of possible 

matriculation age (17-19 years), matriculation status. All four of these variables are represented 

by a generated dummy variable. Approximately 79.5% of children and adolescents of school-

going age in the sample are attending school, with boys (79.3%) and girls (80.0%) having 

almost identical attendance rates. The school attendance rate of HIV-positive boys, at 83.74%, 

is, interestingly, higher than among girls, at 70.8%. Notably, this latter difference in means is 

statistically significant, both by HIV-positive status (mean attendance rates are lower among 

HIV-positive girls than among the overall population of girls), and between genders (mean 

attendance rates are lower among HIV-positive girls than among HIV-positive boys) which 

already implies a gendered effect of HIV status on school attendance.  

 

Potential evidence of similar gendered impacts is also observable across the other educational 

attainment dummies under observation: while boys (22.7%) are more likely than girls (17.0%) 

to be old for their grade, with a statistically significant difference existing between these means, 

among HIV-positive cohorts specifically, there is no statistically significant difference between 

these means, implying that HIV-positive status may contribute to an increased likelihood of 

being old for ones grade among girls specifically. Further evidence of a potentially statistically 

significant impact of HIV-status on age-for-grade status lies in the statistically significant 

difference between the mean likelihood of being old for grade among the entire sample 

(19.7%), relative to among HIV-positive children and adolescents of school-going age 

specifically (26.2%).  

 

Finally, rates of absenteeism from school are 17.1%, with a fairly even split between males 

(17.4%) and females (16.8%). Rates of absenteeism are higher among the HIV-positive cohort, 

at 21.8%, and statistically significant, with these higher rates attributable to higher rates of 
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absenteeism among both HIV-positive boys and HIV-positive girls relative to the overall 

sample, albeit these differences are not statistically significant by gender.  

 

In terms of the matriculation status of adolescents of possible matriculation age, approximately 

13.5% of all such adolescents reported having completed matric or higher, with higher rates 

among female adolescents of possible matriculation age (15.3%) than among their male 

counterparts (11.6%), with these differences in means being statistically significant. Among 

HIV-positive adolescents of possible matriculation age, meanwhile, the overall matriculation 

rate is lower, albeit not significantly so, with only 13.3% of HIV-positive adolescents of 

possible matriculation age reporting having completed matric or higher. Notably, among HIV-

positive adolescents, the rate of matriculation is higher among HIV-positive males (14.6%) 

than among HIV-positive females (12.8%), despite the inverse situation across the entire 

sample of adolescents. Moreover, akin to age-for-grade status, the statistically significant 

difference between the means along gender lines that exists among the entire sample falls away 

when the sample is restricted to HIV-positive adolescents of possible matriculation age only, 

implying that HIV-positive status may contribute to a statistically significant decreased 

likelihood of having matriculated among girls specifically.  

 

These data imply that there is an overall impact of HIV-status on educational attainment, and 

that this impact may well be gendered in nature. This calls for further interrogation of these 

impacts using appropriate statistical and econometric methods. 

 

6.3 Logit regressions 

 

As an initial interrogation of these potential impacts, the association between the relevant 

educational attainment and HIV-related indicators were estimated using a series of logit 

regressions and, subsequently, through the measurement of the marginal effects of the latter on 

the former. For each of the 12 potential relationships (one each between the four indicators of 

educational attainment and three indicators along the HIV treatment cascade), a set of four logit 

models were estimated: the first model interrogates the relationship between the relevant HIV 

indicator and the relevant educational attainment indicator in the absence of any individual or 

household covariates; the second model introduces these covariates (as presented in Table 1 

above); the third model removes these covariates, but introduces an HIV-gender interaction 
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term; and the final model includes both the HIV-gender interaction term and the individual and 

household covariates. Subsequent to these logit estimations, the marginal effects of the HIV 

indicators on the educational attainment indicators were estimated using post-estimation 

techniques. A summary of the logit marginal effects results is presented in Table 2. 

 

Table 2: HIV/AIDS and educational attainment among children and adolescents of school-going age in South Africa 

 

Source:  Own calculations from SABSSM 2017 dataset. Marginal effects of logit regression models. Children and 

adolescents represent respondents between the age of 5 and 19 years old. 

** p<0.05  

Marginal effects in square brackets 

Absenteeism and age-for-grade estimations restricted to children of school-going age and adolescents in school 

Matriculation estimations restricted to adolescents of possible matriculation age (17-19 years) 

HIV-positive
HIV-positive 

*Female

ART 

exposure

ART 

exposure 

*Female

VL 

suppression

VL 

suppression

*Female

-.1982 -.0419 .1661

[-.0340] [-.0076] [.0301]

-.2715** .0429 .1487

[-.0414**] [.0058] [.0204]

.2652 -.7519** .6112 -.9634** .7710**  -.9449**

[.0397] [-.1471**] [.1047] [-.1943**] [.1389**] [-.1830**]

.3627 -1.0098** .3970 -.4924 .2607 -.1590

[.0453] [-.1879**] [.0524] [-.0734] [.0358] [-.0222]

.3764** .0011 -.2295

[.0660**] [.0002] [-.0445]

.2613** -.1294 -.1974

 [.0419**] [-.0247] [-.0382]

.2346 .2511 -.0866 .1493 -.3876 .2747

[.0396] [.0427] [-.0166] [.0294] [-.0754] [.0542]

-.0173 .5044 -.0822 -.0796 -.1343 -.1085

[-.0025] [.0866] [-.0157] [-.0151] [-.0259] [-.0207]

.2881** .7472** .1378

[.0447**] [.1321**] [.0234]

.3179** .6967** .2844

[.0487**] [.1184**] [.0463]

.2310 .1072 .7189** .0512 -.1066 .4564

[.0352] [.0158] [.1269**] [.0086] [-.0181] [.0819]

.2470 .1334 .6216 .1404 -.2136 .9396

[.0370] [.0193] [.1051] [.0232] [-.0349] [.1721]

-.0105  -.1288  .2516

[-.0012] [-.0147] [.0539]

-.4659 .5693 .2017

[-.0351] [.0375] [.0435]

.0910 .0109 -.3801 .3364 .2231 .0358

[-.1492] [-.0165] [-.0430] [.0405] [.0478] [.0077]

.2852 -1.008 .0593  .7291  -.0353 .3011

[.0282] [-.0621**] [.0037] [.0519] [-.0076] [.0656]
Yes Yes

No No

No Yes

Yes No

No Yes

Yes No

Yes Yes

Yes No

Yes Yes

No No

Yes Yes

No No

No Yes

No No

No Yes

Yes No

At school

Old for grade

Absenteeism

Matriculated

Interaction 

term 

included

Covariates 

included

HIV positive ART exposure Viral load suppression
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As is evident in Table 2, there is a clear statistically significant relationship between HIV-

positive status and three chief educational outcome indicators, namely: school attendance, 

absenteeism, and age-for-grade status, when controlling for the impact of the relevant 

individual and household covariates. Specifically, the HIV-positive coefficient is negative and 

statistically significant at the 5% level in the school attendance model, which includes the 

individual and household covariates, which indicates that being HIV-positive is statistically 

significantly associated with a decreased likelihood of being at school among children and 

adolescents of school-going age in South Africa. Similarly, the HIV-positive coefficient is 

positive and statistically significant at the 5% level in both the age-for-grade status and 

absenteeism models when the individual and household covariates are included. This suggests 

that being HIV-positive is statistically significantly associated with an increased likelihood of 

being absent from school, and being old for one’s grade, among children and adolescents of 

school-going age in South Africa that are currently in school. Finally, the ART-exposure 

coefficient is positive and statistically significant at the 5% level in the school absenteeism 

model with included covariates, which suggests that ART exposure is positively associated 

with rates of absenteeism among children and adolescents of school-going age in South Africa, 

suggesting that ART exposure is statistically significantly associated with an increased 

likelihood of being absent from school.  

 

Under the fourth set of models, which introduce an HIV indicator-gender interaction term, to 

interrogate the potential contribution of gender to the modelled impacts, the coefficient of the 

HIV-related indicators are no longer statistically significant in any of the models. Instead, the 

coefficient of the interaction term is statistically significant in two of the modelled relationships 

– between HIV-positive status and school attendance, and between HIV-positive status and 

matriculation status. This implies that gender, specifically, may contribute to the impacts of 

HIV-status on indicators of educational attainment, and warrants further interrogation. 

 

6.4 Propensity score matching analysis 

 

The effect of the various HIV indicators on the aforementioned indicators of educational 

attainment are further interrogated using propensity score matching-based approaches. 
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Propensity scores were generated using indicators of HIV status and the individual and 

household characteristics (as outlined in Table 1).  

 

Table 3: Quality of matching in propensity score matching 

 

Source:  Own calculations from SABSSM 2017 dataset 

 

Three commonly used matching algorithms – nearest neighbour, stratification and kernel 

matching – were employed to identify the nearness between control and treated cases in each 

instance, and, subsequently, to interrogate the average treatment effect on the treated. In order 

LR chi2 p>chi2 MeanBias B

Unmatched 207.44 0.000 24.9 65.8*

Matched 0.00 1.000 0.0 0.0

Unmatched 166.91 0.000 23.5 69.0*

Matched 0.00 1.000 0.0 0.0

Unmatched 142.20 0.000  25.1  69.8*

Matched 0.00 1.000 0.0 0.0

Unmatched 207.44 0.000  24.9 65.8*

Matched 0.00 1.000 0.0 0.0

Unmatched  7.40 0.388 8.1 25.1*

Matched 0.13 1.000 0.7 3.7

Unmatched 6.24 0.512 9.0 26.5*

Matched 0.02 1.000 0.2 1.5

Unmatched  7.79 0.352  11.4   32.7*

Matched  0.06  1.000 0.7 3.3

Unmatched 7.40 0.388 8.1 25.1*

Matched 0.13 1.000  0.7  3.7

Unmatched 8.23 0.313  7.6  25.2*

Matched 0.18 1.000 1.0 3.7

Unmatched 10.01 0.188 12.2 31.4*

Matched 0.17  1.000  2.9 4.1

Unmatched  9.79  0.201 10.2 32.8*

Matched 0.78  0.998 2.3 9.4

Unmatched 8.23 0.313 7.6 25.2*

Matched 0.18 1.000  1.0  3.7

HIV variable: ART exposure; outcome: school attendance

HIV variable: ART exposure; outcome: absenteeism

HIV variable: ART exposure; outcome: old for grade

HIV variable: ART exposure; outcome: matriculation

HIV variable: viral load suppression; outcome: school attendance

HIV variable: viral load suppression; outcome: absenteeism

HIV variable: viral load suppression; outcome: old for grade

HIV variable: viral load suppression; outcome: matriculation

HIV variable: HIV-positive; outcome: school attendance

HIV variable: HIV-positive; outcome: absenteeism

HIV variable: HIV-positive; outcome: old for grade

HIV variable: HIV-positive; outcome: matriculation
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to ensure the veracity and robustness of the propensity score matching approaches used and the 

subsequent results, a series of tests were run pre- and post-matching for each of the propensity 

score matching models used in the study. For all matching algorithms, tests were used to ensure 

that all covariates were balanced, and that differences between all covariates were insignificant 

subsequent to matching. Moreover, for each matching algorithm, the chi2 and a Rubin’s B 

statistics were used to ensure statistical insignificance of the overall model and overall balance 

respectively. Finally, for each matching algorithm employed, large reductions in both the 

likelihood ratio (LR) chi2 statistic and the means-standardized bias were observed post-

matching, indicative of a robust matching algorithm. A summary of these pre- and post-

matching tests is provided in Table 3 above. Further to the above, all observations for the 

propensity score matching models used in the analyses below have common support. 

 

Table 4, below, presents the summary results of the 36 propensity score matching models (three 

HIV indicators, by four educational attainment indicators, by three matching algorithms) as 

applied to children and adolescents of school-going age, for impacts on school attendance, 

absenteeism and age-for-grade status; and to adolescents of possible matriculation age, for 

impacts on matriculation status.  
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Table 4: Average treatment effect of HIV indicators on indicators of educational attainment, children and adolescents of 

school-going age 

 

Source:  Own calculations from SABSSM 2017 dataset. 

** p<0.05  

Absenteeism and age-for-grade estimations restricted to children of school-going age and adolescents in school 

Matriculation estimations restricted to adolescents of possible matriculation age (17-19 years) 

 

The results in Table 4 suggest three clear statistically significant treatment effects of HIV-

related indicators on indicators of educational attainment among children and adolescents of 

school-going age – namely, of HIV-positive status on school attendance; of HIV-positive status 

on age-for-grade status; and of HIV-positive status on absenteeism – with the coefficients for 

these effects being statistically significant across all three matching algorithms employed. The 

coefficient for HIV-positive status on school attendance is negative and statistically significant 

across nearest neighbour (-0.051), stratification (-0.048) and kernel (-0.028) matching 

approaches, which indicates that, among children and adolescents of school-going age, being 

HIV-positive is negatively associated with school attendance, and that this association is 

Nearest 

neighbour
Stratification Kernel

At school -.0509** -.0484** -.0280**

Old for grade .0713** .0613** .0805**

Absenteeism .0517** .0533** .0416**

Matriculated -.0269 -.0223 -.0253

At school .0094 -.0014 -.0071

Old for grade .0018 -.0121 -.0159

Absenteeism .1028** .0958** .1006**

Matriculated .0210 .0090 .0169

At school .0116  .0008 .0026

Old for grade -.0302 -.0378 -.0448

Absenteeism .0240 .0200 .0272

Matriculated .0195 -.0120 -.0345

Matching algorithm

HIV-positive

ART exposure

Viral load suppression
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statistically significant. The coefficient for HIV-positive status on age-for-grade, meanwhile, 

is positive and statistically significant across nearest neighbour (0.071), stratification (0.061) 

and kernel (0.081) matching approaches, which indicates that, among children and adolescents 

of school-going age that are in school, being HIV-positive is positively associated with being 

old for one’s grade, and that this association is statistically significant. The coefficient for HIV-

positive status on absenteeism, meanwhile, is positive and statistically significant across 

nearest neighbour (0.052), stratification (0.053) and kernel (0.042) matching approaches which 

indicates that, among children and adolescents of school-going age that are in school, being 

HIV-positive is positively associated with the likelihood of being absent from school, and that 

this association is statistically significant. The lack of statistically significant results across the 

other interrogated relationships between HIV-positive status and educational attainment 

suggests that the status of being HIV-positive is not statistically significantly associated with 

the likelihood of having matriculated. 

 

When interrogating the average treatment effect of the subsequent HIV indicators on the 90-

90-90 treatment cascade – specifically ART exposure and viral load suppression – on the 

aforementioned indicators of educational attainment, none of the models predicted a 

statistically significant treatment effect, with the lone exception of the impact of ART exposure 

on absenteeism under the stratification matching approach. This lone statistically significant 

result suggests that ART exposure is positively associated with rates of absenteeism among 

school-going aged children, and supports the seemingly contradictory positive relationship 

between ART exposure and absenteeism identified in the initial logit estimations. 

 

Subsequent to a propensity score matching-based analysis of the average treatment effect of 

these HIV indicators on indicators of educational attainment across the entire population using 

the aforementioned models and matching algorithms, the approach was repeated twice – once 

with the population restricted to females, and again with the population restricted to males – 

using the same approach to the generation propensity scores and the same matching algorithms, 

in order to interrogate the average treatment effect on the treated for each gender separately. 

Table 5 presents the results of the female-only models, while Table 6 presents the results of the 

male-only models. The results of the female-only propensity score models closely mirror those 

of the overall models as summarized in Table 4, previously, with the average treatment effect 

of HIV status on school attendance, age-for-grade status, and absenteeism status similarly 
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identified as being statistically significant. Again, these effects are identified in the same 

direction as in the overall models – a positive effect of HIV-positive status on being old for 

one’s grade and the likelihood of absenteeism, and a negative effect of HIV-positive status on 

the likelihood of being in school – but the size of the coefficient is larger in all three instances, 

suggesting a larger effect. Unlike in the overall model, in the female-only models there exists 

a statistically significant negative average treatment effect of HIV-positive status on 

matriculation status, but only under two of the three matching algorithms – nearest neighbour 

and stratification matching. Both of these statistically significant results are negative, implying 

a negative effect of HIV-positive status on the likelihood of matriculation among female 

adolescents of possible matriculation age. 

 

Table 5: Average treatment effect of HIV indicators on indicators of educational attainment, female children and adolescents 

of school-going age 

 

Source:  Own calculations from SABSSM 2017 dataset 

** p<0.05  

Nearest 

neighbour
Stratification Kernel

At school -.1140** -.1108** -.0921**

Old for grade .1209**  .1218** .1326**

Absenteeism .0637** .0675** .0610**

Matriculated -.0447** -.0473** .0079

At school -.0032 .0051 -.0098

Old for grade -.0020 -.0028 -.0229

Absenteeism .0997** .0833 .1090**

Matriculated .0266 .0191 .0262

At school -.0248 -.0355 -.0366

Old for grade -.0280 -  -.0296

Absenteeism .1019 .0921 .0997

Matriculated .0423 .0454 .0181

Matching algorithm

HIV-positive

ART exposure

Viral load suppression
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Absenteeism and age-for-grade estimations restricted to children of school-going age and adolescents in school 

Matriculation estimations restricted to adolescents of possible matriculation age (17-19 years) 

 

Table 6: Average treatment effect of HIV indicators on indicators of educational attainment, male children and adolescents of 

school-going age 

 

Source:  Own calculations from SABSSM 2017 dataset 

** p<0.05  

Absenteeism and age-for-grade estimations restricted to children of school-going age and adolescents in school 

Matriculation estimations restricted to adolescents of possible matriculation age (17-19 years) 

 

The results of the male-only propensity score models, meanwhile, suggest that there is no 

statistically significant effect of any of the HIV-related indicators on any of the indicators of 

educational attainment. As is illustrated in Table 6, this lack of any statistically significant 

average treatment effects suggests that, among male children and adolescents of school-going 

age in South Africa, HIV status, ART exposure, and viral load suppression have no effect on 

the likelihood of being out of school, being absent from school, being old for one’s grade or 

having completed matric. The results of these gender-specific propensity score models suggests 

Nearest 

neighbour
Stratification Kernel

At school .0338 .0338 .0515

Old for grade .0081 -.0128 .0181

Absenteeism .0389 .0361 .0242

Matriculated .0172 .0181 .0182

At school .0296 .0221 .0236

Old for grade .0055 -.0292 -.0091

Absenteeism .1033 .0792 .0867

Matriculated .0069 -.0170 -.0096

At school .0602 .0510 .0546

Old for grade -.0292 -.0499 -.0650

Absenteeism -.0633 -.0425 -.0497

Matriculated -.0649 -.1190 -.1724

Viral load suppression

Matching algorithm

HIV-positive

ART exposure
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a gendered impact of HIV-related indicators on indicators of educational attainment among 

children and adolescents of school-going age in South Africa, specifically that HIV-related 

factors have an impact on educational attainment for girls that does not exist for boys. The 

gendered nature of this impact warrants further investigation. 

 

6.5 Oaxaca-Blinder decomposition analysis 

 

Subsequent to the interrogation of the average treatment effects of various HIV-related 

indicators on educational attainment through logit and propensity score-based estimations, and 

an identification of the gendered nature of these effects, it is important to understand the extent 

to which gender contributes to gender gaps in educational attainment by decomposing the 

identified gaps in educational attainment. Decomposition analyses were conducted to 

interrogate how the various HIV-related factors influence the gender gap in overall educational 

attainment outcomes among all children and adolescents of school-going age in South Africa. 

The results of these decompositions are presented in Table 7, below. 
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Table 7: Detailed Oaxaca-Blinder decomposition analyses results, by gender 

 

Source:  Own calculations from SABSSM 2017 dataset 

** p<0.05  

Absenteeism and age-for-grade estimations restricted to children of school-going age and adolescents in school 

Matriculation estimations restricted to adolescents of possible matriculation age (17-19 years) 

 

As is evident in Table 7, and was discussed in the summary analyses earlier, among the entire 

sample of children and adolescents of school-going age, there are statistically significant 

gender gaps for age-for-grade status and rates of matriculation – with girls being less likely to 

be old for their grade and more likely to have matriculated. Decomposition of these gender 

gaps suggests that none of the HIV-related factors contribute significantly to the observed 

gender gaps. Indeed, of the included observed characteristics in both decompositions, only one 

is a statistically significant contributor to the observed gender gap – namely age, which 

contributes in a statistically significant manner to the age-for-grade gender gap. What is notable 

in the overall decompositions summarized in Table 7, however, is the fact that, despite there 

not being a statistically significant gender gap in school attendance among children and 

adolescents of school-going age, under decomposition, the unexplained impact of HIV-positive 

Male

Female

Difference (Male - Female)

Of which
Explained

Differential

Unexplained 

Differential

Explained

Differential

Unexplained 

Differential

Explained

Differential

Unexplained 

Differential

Explained

Differential

Unexplained 

Differential

HIV cascade indicators

HIV-positive .0003 .0030** .0000 .0014 -.0002 -.0029 .0011 .0055

ART exposure .0001 .0000 -.0001 .0001 -.0000 -.0000 -.0013 .0009

Viral load suppression -.0001 .0005 .0000 -.0019 .0000 .0002 .0024  -.0034

Individual characteristics

Age -.0000 .0258 -.0002 -.0209 .0005  .1392** -.0040 -.1793

African .0000 -.0158 -.0000 -.0104 -.0000 .0414 -.0000 .0194

Coloured  .0000 .0004 -.0000 -.0011 -.0000 .0071 -.0001 .0057

Indian  -.0000 .0021 .0003 -.0031 -.0003 .0014 .0006 .0030

Household characteristics

Urban  .0000 -.0104 -.0003 .0014 .0000 -.0041 .0003 -.0158

Both parents in household .0006 -.0039 -.0000 .0023 .0012 .0074 -.0003 .0100

Maternal/Paternal Orphan -.0007  .0001 -.0002 -.0006 -.0006 -.0017 .0000 -.0026

Double Orphan .0000  -.0001 .0000  -.0005 .0000 .0032 .0000 .0000

Household size .0001 -.0169 .0001 .0181  -.0001 -.0202 -.0000 -.0306

Age of household head  .0000 -.0015 .0000 .0044 .0000 .0303 -.0000 -.0302

Household wealth quintile

Poorest -.0001 -.0079 .0000 -.0009 -.0002 .0023 -.0002 -.0005

Second -.0000 .0003 -.0000  .0006 -.0000 .0056 -.0004 -.0046

Middle .0000  -.0030 .0000 -.0047 -.0002 .0036 .0003 .0012

Fourth .0000 .0002 .0000  -.0024 .0000 -.0023 .0000 -.0055

Total .0003 -.0065 -.0007 .0072 -.0000 .0557** -.0017 -.0379**

.1515

Outcome Variables

.8298

.1742

.1677

.2294

.1737

At school Absenteeism Old for grade Matriculated

.8236 .1118

-.0396**-.0062 .0065 .0556**
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status on gender gaps in school attendance is statistically significant, and positive. This 

suggests that there is an unexplained pro-boy gender gap in the impact of HIV-positive status 

on school attendance, meaning that the status of being HIV-positive has a statistically 

significant impact on the likelihood of girls not being in school. 

 

In order to interrogate the nature of gender gaps in educational attainment outcomes among 

children and adolescents of school-going age on the HIV treatment cascade, specifically, a 

further set of decomposition analyses were conducted in order to decompose gaps in 

educational attainment by gender along the HIV treatment cascade, by conducting separate 

gender-based decompositions within sub-samples along this cascade. Such decomposition 

allows for an examination of the explained and unexplained differential in educational 

attainment among HIV status cohorts across genders. These decompositions separate the 

identified gender gaps in educational attainment into an explained differential – attributable to 

the characteristics covered by the covariates included in the model; and an unexplained 

differential – attributable to factors that are not observed in the data, and which are typically 

assumed to be indicative of a gender gap. Table 8, below, summarizes the results of these 

decompositions, showing the difference in coefficients between males and females for each of 

the relevant educational attainment outcomes, and, subsequently, the contribution to said 

differences in coefficients that are the effects of differences in endowments (explained 

differential), and the effects of differences in coefficients (unexplained differential). 

 
Table 8: Oaxaca-Blinder decomposition analysis results, within HIV-status, by gender 

 

Source:  Own calculations from SABSSM 2017 dataset 

** p<0.05  

HIV-positive ART exposure Viral load suppression

Difference (Male - Female) .1316** .1462** .1457**

Explained .0123 -.0082 .0325

Unexplained .1192** .1545** .1131**

Difference (Male - Female) -.0598 -.0498 -.0737

Explained -.0520 -.0493 -.0409

Unexplained -.0078 -.0005 -.0327

Difference (Male - Female) -.0246 -.0485 -.1012

Explained -.0129 -.0501 -.0213

Unexplained -.0116  .0016 -.0799

Difference (Male - Female) .0248 -.0014 -

Explained -.0686 .0146 -

Unexplained .0934 -.0160 -

At school

Old for grade

Absenteeism

Matriculated
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Absenteeism and age-for-grade estimations restricted to children of school-going age and adolescents in school 

Matriculation estimations restricted to adolescents of possible matriculation age (17-19 years) 

 

As is evident in Table 8, there is a statistically significant difference in rates of school 

attendance between males and female children and adolescents of school-going age across all 

three of the HIV treatment cascade indicators, which is indicative of a notable gender gap in 

school attendance along the HIV treatment cascade. For all three of the indicators on this 

cascade, the unexplained differential represents the sole statistically significant contributor to 

these gender gaps, which suggests that the identified gender gaps are attributable to gender 

itself, rather than to other individual and household characteristics related to gender. Given the 

statistically significant positive differential between coefficients, which implies higher rates of 

school attendance among HIV-positive, ART-exposed and virally suppressed boys than their 

girl counterparts, the statistical significance of the unexplained differential in all three instances 

suggests that HIV-positive status, ART exposure, and viral load suppression has a pro-female 

impact on school non-attendance that is unexplained by factors beyond gender. 

 

An additional set of decomposition analyses were conducted to interrogate the impact of 

various indicators to gaps in educational attainment among female children and adolescents of 

school-going age specifically, in order to identify the factors that contribute to gaps in 

educational attainment among females along the HIV treatment cascade. An initial set of 

decompositions were run to identify statistically significant unexplained differences within the 

various relationships. Subsequently, a detailed decomposition was run for each statistically 

significant unexplained difference in order to examine the factors that contribute to the 

identified unexplained statistically significant gaps. Table 9 presents the summary results of 

the initial full set of decompositions, while presents the results of the subsequent detailed 

decompositions. 
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Table 9: Summary of Oaxaca-Blinder decomposition analysis results, within females, by HIV status 

 

Source:  Own calculations from SABSSM 2017 dataset 

** p<0.05  

Absenteeism and age-for-grade estimations restricted to children of school-going age and adolescents in school 

Matriculation estimations restricted to adolescents of possible matriculation age (17-19 years) 

 

Table 9 identifies, for females, similar statistically significant impacts of HIV indicators on 

educational attainment as identified in the propensity score matching- and logit-based 

approaches – namely a statistically significant impact of HIV-positive status on school 

attendance and age-for-grade status – evidenced by the statistically significant differences in 

both in Table 9. Further, it is notable that the unexplained difference – which would be the 

difference assumed to be attributable to the relevant HIV indicator, rather than to some other 

factors – is statistically significant for the effect of HIV-positive status on all four indicators of 

educational attainment, suggesting that HIV-positive status has a significant unexplained 

impact on the likelihood of female children and adolescents of school-going age being out of 

school, old for their grade, absent from school, and having matriculated. A final statistically 

significant impact within the female decomposition is of ART exposure on absenteeism, which 

mirrors the finding under the propensity score matching model as summarized in Table 5. 

At school Old for grade Absenteeism Matriculation

Difference (HIV negative - HIV positive) 0.0841** -0.0695 -0.0417 0.0812**

Endowments -0.0084 0.0395 0.0020 0.0420

Coefficients 0.1023**  -0.1294** -0.0480 0.0903

Interaction -0.0097 0.0204 0.0042 -0.0512

Difference (ART naïve - ART exposed) 0.0119 0.0223  -0.1251** -0.0088

Endowments 0.0005 0.0223 -0.0314 -0.0017

Coefficients 0.0104 -0.0061 -0.1160 -0.0018

Interaction 0.0009 0.0061 0.0223 -0.0052

Difference (VL unsuppressed - ART suppressed) -0.0181 0.0986 -0.0961 -0.0602

Endowments  -0.0061 0.0130 0.0073 0.0063

Coefficients -0.0095 0.0630 -0.1129 -0.0609

Interaction -0.0024 0.0225 0.0094 -0.0056

HIV-positive

ART exposure

Viral load 

suppression
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Table 10: Detailed unexplained coefficients for statistically significant Oaxaca-Blinder decomposition analysis results, within 

females, by HIV status 

 

Source:  Own calculations from SABSSM 2017 dataset 

** p<0.05  

Absenteeism and age-for-grade estimations restricted to children of school-going age and adolescents in school 

Matriculation estimations restricted to adolescents of possible matriculation age (17-19 years) 

 

Table 10 shows that, across the various unexplained statistically significant differences in 

educational attainment outcomes among female children and adolescents of school-going age 

specifically along the HIV treatment cascade, age and race are the two categories of variable 

that make a statistically significant contribution to these observed differences, suggesting that 

there may be unexplained race- and age-based gaps in the impact of HIV-related factors on 

educational attainment among female children and adolescents of school-going age in South 

Africa. 

 

Akin to the above female-specific decomposition, a final set of decomposition analyses were 

conducted to interrogate the impact of various indicators to gaps in educational attainment 

among male children and adolescents of school-going age specifically, in order to identify the 

factors that contribute to gaps in educational attainment among males along the HIV treatment 

cascade. These decompositions found no statistically significant differences within the various 

relationships, suggesting that HIV-related indicators have no statistically significant impact on 

indicators of educational attainment for male children and adolescents of school-going age in 

Outcome At school Absenteeism Old for grade Matriculated Absenteeism

By HIV-positive HIV-positive HIV-positive HIV-positive ART exposure

Unexplained Difference .1009** -.0619** -.0968**  .0724** -.1270**

Individual characteristics

Age .2262** -.1644 -.1558 .7632 -.7918**

African .4638** .1345 .1131 -.3561** .2124

Coloured .0263** -.0150** .0228 -.0202 .0243

Indian .0039 -.0076** .0050 -.0018 .0026

Household characteristics

Urban -.0027 .0047 -.0404 -.0277 -.0596

Both parents in household .0126 .0042 -.0117 -.0314 .0495

Maternal/Paternal Orphan -.0506**  .0390 .0164  .0058 .0405

Double Orphan  -.0001 -.0031 -.0189  -.0228 .0207

Household size .0694 .0254 -.1089 .0062 -.0679

Age of household head -.2114 -.2530  .0894 .0969 .1263

Household wealth quintile

Poorest -.0076 -.0133 -.0179 -.0268 -.0031

Second .0185 -.0047  .0156 -.0375 .0317

Middle  -.0042 -.0206 .0028 -.0191 .0078

Fourth  -.0156 -.0107 -.0053 .0088 -.0226
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South Africa. Consequently, the results of these decompositions are not presented here, but 

may be provided upon request. 

 

7 Discussion 

 

Recent contributions to the literature on the relationship between HIV and education in children 

has suggested that HIV contributes to detrimental education outcomes, realized as increased 

rates of school dropout, increased rates of absenteeism, and poor educational performance and 

throughput rates (Zinyemba, Pavlova and Groot, 2020). However, there has been scant research 

to quantify the extent to which HIV might impact on each of these outcomes, and even less 

research on the potential gendered nature of these impacts, the associated gender gaps in 

education outcomes, and potential differences in HIV-related gaps in educational outcomes 

within each gender. Moreover, extant literature on relationship between HIV and education in 

children has focussed explicitly on HIV-status and has ignored the impact of HIV-related 

factors further down the HIV treatment cascade – ART exposure and viral load suppression – 

which are more typically associated with the hypothesized mechanism through which HIV 

impacts on education outcomes, namely increased rates of illness and morbidity, than mere 

HIV-positive status. This study has sought to address this gap in the literature by estimating 

the effects of three chief indicators along the HIV treatment cascade – HIV status, ART 

exposure and viral load suppression, on four indicators of educational attainment – school 

attendance, absenteeism, age-for-grade status and matriculation status, among children and 

adolescents of school-going age (aged 5-19 years) in South Africa. The study has employed 

data with biomedical information on HIV for children and adolescents in South Africa from 

the 5th South African National HIV Prevalence, Incidence, Behaviour and Communication 

Survey (SABSSM V), conducted in 2017/8 by the Human Sciences Research Council, to 

examine the impact of the aforementioned HIV indicators on educational attainment among 

HIV children in South Africa. Further to this, the study has also interrogated whether there are 

gender differences in how these HIV indicators impact on educational attainment, and assessed 

the different contributions to HIV-related educational attainment gaps within each gender. 

 

The initial analyses find that HIV-positive status specifically has a statistically significant 

negative impact on the likelihood of being in school among all children and adolescents of 

school-going age in South Africa. This finding is in line with prior research on the impact of 
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HIV-status on school attendance which has found that being HIV-positive has a negative 

impact on school attendance, notably by Parchure et al. (2016) which found that, among 

children aged 6-16 years in Maharashtra, India, HIV-infected children were seven times more 

likely to be out of school; and Kembo (2010), which found HIV-affected children aged 10-18 

years in Zimbabwe to be out of school at a significantly higher rate than HIV-unaffected 

children. The initial analyses, similarly, find that HIV-positive status has a statistically 

significant positive impact on the likelihood of absenteeism among all children and adolescents 

of school-going age in South Africa. Again, this result is in concurrence with studies on the 

relationship between HIV-status and absenteeism, including Anabwani et al. (2016) which 

found a significant impact of HIV-positive status on absenteeism among children aged 6–18 

years in Botswana; and Cohen et al. (1997) which found significantly increased rates of 

absenteeism among HIV-positive children in Massachusetts, USA. Finally, these initial 

analyses find that HIV-positive status has a statistically significant positive impact on the 

likelihood of being old for one’s grade among all children and adolescents of school-going age 

in South Africa, in line with studies by Bandason et al. (2013), Fotso et al. (2018), and Henning 

et al. (2018) which find a similar statistically significant impact of HIV-status on age-for-grade 

status among children in Zimbabwe, South Africa and Rwanda, respectively.  

 

Analyses of the second HIV treatment cascade indicator – ART exposure – on indicators of 

educational attainment found one statistically significant impact, namely a positive impact of 

ART exposure on the likelihood of absenteeism among children and adolescents of school-

going age in South Africa. This is a seemingly contradictory finding, as ART exposure is 

typically associated with HIV viral load suppression and subsequent reductions in HIV-related 

morbidity, which is the hypothesized mechanism through which HIV-positive status would 

impact on the likelihood of absenteeism. However, this finding does support findings from 

other studies in the literature which have found similar positive relationships between ART 

exposure and absenteeism, albeit for work absenteeism among working-age adults. 

Specifically, studies by Habyarimana et al. (2010), on the impact of antiretroviral treatment on 

worker absenteeism in Botswana, and Jockers et al. (2021), on the impact of ART on worker 

absenteeism in South Africa, both found robust evidence of an inverted-V-shaped pattern in 

worker absenteeism around the time of ART inception. This pattern suggests that absenteeism 

peaks significantly in the 6-12 month period prior to ART inception, and then declines 

significantly, albeit at a slightly slower rate than the aforementioned increase, before returning 
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to normal levels after a period of around 18 months (Jockers et al., 2021; Habyarimana et al., 

2010). This suggests that ART initiation may be driven by HIV-related morbidity, with HIV-

positive individuals that are suffering from morbidity specifically seeking antiretroviral 

treatment. Moreover, the right-tailed nature of the identified inverted-V-shaped relationship 

between ART exposure and absenteeism would mean that, averaged over the course of ART 

initiation, absenteeism rates would be higher during the ART-exposed period. These two 

factors may explain the apparently contradictory positive relationship between ART exposure 

and school absenteeism which has been identified here. A further contributing factor may be 

the impact of ART-related side-effects – with several studies finding that a significant 

proportion of patients on antiretroviral treatment suffer adverse side-effects, most notably 

anaemia (Zhou et al., 2012), gastrointestinal disorders (Hill and Balkin, 2009), and metabolic 

and renal morbidities (Fortuny et al., 2015) – which may contribute to increased rates of 

absenteeism.  

 

Finally, the analysis of the final downstream HIV treatment cascade indicator – viral load 

suppression – on educational attainment found no negative impact of viral non-suppression on 

any of the indicators of educational attainment among children and adolescents of school-going 

age in South Africa. This is akin to a study by Souza et al. (2010) in Brazil, which, despite 

finding higher rates of school failure and dropout among HIV-positive children aged 10-19 

years, found no relationship between HIV viral load and said education outcomes. This 

suggests that the previously identified negative impact of HIV-positive status on educational 

attainment among South African children and adolescents of school-going age may not 

manifest through the hypothesized mechanism of increased rates of morbidity and illness-

related underperformance, absenteeism and dropout among HIV-positive children, as HIV-

related morbidity is typically associated with viral non-suppression and it would thus be 

expected that this downstream indicator would also be statistically significantly associated with 

the detrimental education outcomes identified in the HIV-status models. Instead, this finding 

suggests that the status of being HIV-positive may impact on educational attainment through 

other mechanisms. One potential mechanism is the reduced demand for investment in 

education among HIV-positive children and adolescents of school-going age, as per the 

Grossman model of health demand which posits that the poorer a child’s health status, the 

lower the expected return on an investment in their education, and the lower the demand for 

such an investment. A study by Kitara et al. (2013) finds that HIV-affected girls aged 12-15 in 
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Uganda had a less positive attitude to school, relative to HIV-unaffected girls, which may be 

the result of the above mechanism. Further mechanisms may include internal and external 

stigma associated with HIV-status, as identified by Henning et al. (2018) in an analysis of age-

for-grade status among HIV-positive and HIV-affected children in Rwanda; affective and 

social impacts of being HIV-positive, as noted by Ellis (2004) in a study of the grade 

performance of perinatally-infected HIV-positive children in North Carolina; or the negative 

effects on the cognitive functioning of children and adolescents associated with perinatal HIV 

infection, as identified by Phillips et al. (2016). 

 

The subsequent gender-disaggregated propensity score matching-based analyses interrogated 

the gendered nature of the impacts of HIV-related factors on educational attainment among 

children and adolescents of school-going age in South Africa. This initial gender analysis 

identified several gendered differences in the impact of HIV-related factors on educational 

attainment – with HIV-positive status having a statistically significant impact on all four 

indicators of educational attainment under observation for female children and adolescents of 

school-going age, while having no statistically significant impact for their male counterparts. 

An initial set of decompositions further interrogated the gender-HIV-education nexus by 

examining the contribution of HIV-related indicators to observed gender gaps in education 

overall, and a subsequent set of decompositions examined the nature of gender gaps in 

educational attainment within each cohort of the HIV treatment cascade. The initial 

decompositions found only one statistically significant contribution of an HIV-related indicator 

to gender gaps in educational attainment among the entire sample of children and adolescents 

of school-going age – namely an unexplained pro-boy gender gap in the impact of HIV-positive 

status on school attendance. This lack of statistically significant impacts when observing the 

entire sample is to be expected – there are minimal gender gaps in educational attainment 

overall, attributable to gender parity in primary and secondary school enrolment in South 

Africa (World Bank, 2023), and attributable to the small size of the HIV-positive sub-sample 

– but the aforementioned pro-boy gender gap in the impact of HIV-positive status on school 

attendance does add further credence to the disproportionate negative impact of being HIV-

positive on school attendance on female children and adolescents of school-going age, as 

identified in the propensity score matching-based analyses. This is further evidenced in the 

subsequent decompositions, conducted within sub-samples along the HIV treatment cascade. 

These decompositions found unexplained statistically significant gender gaps in school 
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attendance within all three sub-samples along the HIV treatment cascade, suggesting that 

observed statistically significant gender gaps in school attendance along the cascade are 

directly attributable to gender, rather than to the effects of differences in endowments. 

Together, these findings suggest a female-specific negative impact of HIV-status on 

educational attainment, similar to Delva et al. (2009), who found that, among HIV-affected 

children aged 10-18 in Guinea, HIV-affected boys were more likely to attend school than their 

HIV-affected female counterparts; Bhargava (2005), who found that HIV-affected girls in 

Ethiopia were less likely to participate in school than HIV-affected boys; and Harrison et al. 

(2017), who found that HIV-affected girls aged 6-17 in China reported lower grades and less 

interest in school than their male counterparts; but distinct from studies by Curley et al. (2010), 

Hensels et al. (2016), and Pufall et al. (2014), which all found negative impacts of HIV-status 

on education outcomes that are specific to males. Granted the lack of consensus from extant 

studies regarding the gendered impact of HIV-related factors on education outcomes, and 

granted the dearth of such studies in general, there has been little contribution to the literature 

regarding the potential reasons for a female-specific negative impact of HIV on educational 

attainment. Regardless, some potential factors are explored here. Firstly, HIV-related stigma, 

both external and internal, may be more acute for female children and adolescents of school-

going age than it is for their male counterparts. A study on HIV stigma among women and 

adolescent girls in South Africa by Armstrong-Mensah et al. (2019) found that women and 

adolescent girls living with HIV in South Africa experience disproportionate stigma, 

discrimination, and marginalization as a result of their HIV-positive status. Of particular 

relevance to this study, the authors find that this stigma extended to gender-compounded 

discrimination and hostility in educational settings, specifically (Armstrong-Mensah et al., 

2019). Secondly, familial investment in child health and education may, in the face of HIV 

diagnosis, be prioritized for male children, given the higher expected returns to investment in 

education. Armstrong-Mensah et al. (2019) note that, in South Africa, women and adolescent 

girls living with HIV are disproportionately ostracized by their family and peers, specifically 

due to their reduced eligibility in the marriage market, and their perceived compromised ability 

to bear children. This reduction in potential marriageability may either result in parents 

deprioritizing investment in HIV-positive girls’ education, or may result in HIV-positive girls 

dropping out of school in order to seek work granted their familial ostracization. Regardless, 

this would have a negative impact on educational attainment for HIV-positive female 

adolescents specifically. Thirdly, the increased likelihood of new HIV infections among 
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adolescent females, relative to adolescent males, may point to a specific impact of new HIV 

infections on educational attainment, relative to the impact of extant infections. As was noted 

in the summary statistics in Table 1, the mean age of HIV-positive female children and 

adolescents of school-going age in South Africa (13.65 years) is significantly higher than for 

their HIV-positive male counterparts (12.31 years), despite their being no statistically 

significant difference between the mean age of HIV-negative female and male children and 

adolescents of school-going age. This is likely attributable to a disproportionate number of new 

HIV infections among older female adolescents, relative to their male counterparts. Indeed, 

studies have found that earlier sexual debut among South African women is associated with 

increased HIV seroprevalence and risk of HIV infection (Wand and Ramjee, 2012; Zuma et 

al., 2010; Harrison et al., 2005), while participation in age-disparate relationships, which 

typically involve younger female partners with older male partners, are also associated with an 

increased likelihood, among young adults, of contracting STIs, including HIV (Beauclair et al., 

2012). In a study of the impact of HIV on South African adolescents’ educational attainment, 

Fotso et al. (2018) find that HIV contracted in childhood and adolescence specifically 

significantly reduced adolescents’ educational attainment; thus, the aforementioned over-

representation of females among individuals who contracted HIV in adolescence may explain 

the female-specific nature of the observed impacts of HIV-related factors on educational 

attainment. Further and more in-depth interrogation of these, and other potential factors 

underlying the identified gendered impacts of HIV-related factors on education, using 

qualitative, quantitative or mixed methods research is encouraged. 

 

The final analyses decomposed the identified statistically significant impacts of HIV-related 

factors on education outcomes separately for female and male children and adolescents of 

school-going age, specifically.  While the male decomposition reported no statistically 

significant relationships, decomposition of these impacts within female children and 

adolescents of school-going age specifically suggests that age and being African are the two 

major contributors to these impacts for HIV-positive girls. The contribution of race to reduced 

rates of educational attainment may point to an intersectional effect of race and gender on HIV-

related contributions to reductions in educational attainment as identified by Sangaramoorthy 

et al. (2017). Alternatively, the contribution of age to reduced rates of educational attainment 

among females specifically may be attributable to earlier marriage or cohabitation among older 

adolescent girls, relative to their male counterparts, which may contribute to both lower 
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educational attainment (as married girls are likely to drop out of school) and higher risk of HIV 

infection (as earlier sexual debut and age-disparate relationships contribute to higher risk of 

HIV infection). Moreover, this impact may be compounded by lower average age at sexual 

debut among African adolescent females specifically (Jorgensen-Wells and James, 2020). 

Once more, further analyses of these potential impacts are encouraged.  

 

This study does have some notable limitations, which must be acknowledged. Firstly, the study 

uses cross-sectional data from a single iteration of the SABSSM study, since the most recent 

iteration of the SABSSM survey was the first to assess viral load suppression among those 

respondents who tested positive, and thus the only iteration in which assessment along the 

entire HIV treatment cascade could be conducted. Given the cross-sectional nature of the 

dataset used in this study, any causal inferences made between HIV indicators and educational 

attainment are naturally weak. Indeed, a study by Durevall, Lindskog and George (2019), 

which examined the relationship between school attendance and HIV incidence among young 

women in KwaZulu-Natal using population-based longitudinal data identified the same 

negative association between education and HIV-incidence as identified here, but subsequently 

found no causal relationship between the two. Further studies using similar longitudinal data 

from a cohort study that includes information on HIV indicators and educational attainment – 

such as the Birth to 30 study, the largest and longest running study of child and adolescent 

health and development in Africa, could allow for further interrogation of the possible causality 

between HIV-related factors and educational attainment to be made, and is a recommended 

avenue for further research.  

Secondly, there is a strong likelihood of selection bias in the study, stemming from the high 

rates of biomedical testing refusal among surveyed respondents – specifically, only 61.1% of 

eligible respondents provided a blood specimen for HIV-testing. It is likely that this refusal to 

provide a blood specimen is non-random in nature, with an expectation that individuals who 

were already aware that they were HIV-positive and individuals that were at higher risk of 

testing positive for HIV being less likely to provide blood specimens given privacy concerns 

and stigma-related fears around testing positive for HIV (indeed, these were among the most 

commonly cited reasons for refusal among those respondents that explained why they refused 

to participate). This systematic difference between the target population and those included in 

the study, realized as a non-random exclusion of more at-risk for HIV individuals from the 

sample, may undermine the validity of some of the conclusions drawn here.  
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A third limitation arises from the small numbers of observations on treatment which are used 

in the analyses, particularly further down the HIV treatment cascade. As noted in the summary 

statistics, the sub-sample of HIV-positive children and adolescents of school-going age was 

relatively small (551 individuals) with even smaller sub-samples of ART-exposed and virally-

suppressed individuals. These small sub-sample sizes may result in models, particularly for the 

effects of ART exposure and viral load suppression, that have insufficient statistical power to 

expose relevant effects, undermining the validity of the study.  

A fourth limitation is attributable to the potential influence of unobserved indicators which are 

not captured in the survey data on the outcome variables of interest (i.e. educational 

attainment). There are various factors which are likely to contribute to educational attainment 

outcomes for children which are not adequately captured in the data, including parental 

involvement in education, teacher-student relationships, and adequacy of school facilities. 

Related to this, a further potential limitation of the study arises from the methodological 

approach employed, namely propensity score matching. While the approach has been used with 

increasing frequency in retrospective analyses using observational data such as this one, 

propensity score matching is limited in its capacity to assess and balance all of the factors that 

may be relevant to the study, thus resulting in the potential omission of the effects of important 

factors that may, in turn, affect the outcome of the analyses, generating misleading results 

(Reiffel, 2020). In light of this, it is recommended that future studies in this area employ more 

recent and flexible propensity score matching estimators than those employed in this study, 

thereby allowing for more flexible specification of the covariates to include all interaction. 

Furthermore, it is recommended that future systematic reviews in this area engage with the 

differences in methodological approaches across studies in the literature, and examine how 

these differences may explain the differences in the results that have been observed. 

Finally, the binary nature of the question used to create the absenteeism dummy variable (“In 

the last month, have you missed school?”) does not allow for detailed interrogation of the 

expected contribution of HIV-related morbidity to chronic absenteeism, as there is no 

indication of the total number of school days missed.  

 

8 Conclusion 

 

HIV/AIDS represents the largest contributor to overall disease burden among children and 

adolescents of school-going age in South Africa. Under the established correlation between 
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health status and education, it is expected that this significant disease burden attributable to 

HIV/AIDS would manifest as diminished educational attainment outcomes among HIV-

affected children and adolescents of school-going age in South Africa. This study has 

interrogated this expected relationship. The study has found that, among all children and 

adolescents of school-going age in South Africa, the status of being HIV-positive is 

significantly associated with a decreased likelihood of being at school, and, among children 

and adolescents of school-going age that are in school, an increased likelihood of absenteeism 

and being old for one’s grade. Indicators further down the HIV treatment cascade – ART 

exposure and viral load suppression – do not have an impact on educational attainment, which 

suggests that the impact of HIV on educational attainment is not associated with HIV-related 

illness and morbidities, but rather with other HIV-related factors. This study has, further, found 

that the impacts of HIV-related factors on educational attainment are gendered in nature, with 

a female-specific negative impact of HIV-status on educational attainment overall, and on 

school attendance in particular. The fact that HIV-related factors impact on the educational 

attainment of female children and adolescents of school-going age in South Africa, more so 

than their male counterparts, provides an important starting point for further research on the 

gendered nature of the impact of HIV on education in South Africa, and also highlights the 

need for health and education policies that clearly acknowledge the gendered nature of these 

impacts and are specifically designed to target HIV-positive adolescent girls and ensure their 

improved education outcomes. 
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