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A B S T R A C T   

The scaling up of antiretroviral therapy services over the past decades has led to a remarkable reduction in HIV 
infections and HIV-related deaths in South Africa (SA). While this is a step in the right direction, it brings a new 
public health challenge into focus, namely psychological challenges associated with such chronic and often 
stigmatising condition in SA, home to the largest HIV epidemic. Given the current lack of national-level evidence, 
we investigated the role of the HIV epidemic on depression onset in SA using nationally representative panel data 
from the South African National Income Dynamics Study (SA-NIDS). Our incident cohort consisted of 13,020 
sampled adult participants who were depression-free in Wave 4 (baseline year of 2015). We then measured the 
risk of depression onset in Wave 5 (year 2017) based on the level of HIV prevalence in the community where 
study participants resided at baseline. A High-resolution map of HIV spatial heterogeneity (i.e., community HIV 
prevalence) was generated using ordinary kriging mapping methods from a separate nationally representative 
data source that corresponded to the investigation period. Geospatial analyses were conducted to identify the 
spatial structure of HIV and depression onset, and generalised estimating equations (GEE) regression models 
were fitted to determine the risk of depression onset over time based on community HIV prevalence. Our geo-
spatial analyses indicated that HIV and depression onset prevalence spatially overlapped in the eastern part of 
the country, particularly in Gauteng, KwaZulu-Natal, Mpumalanga, and Free State province. The GEE regression 
analyses indicated that individual residency in a community with high HIV prevalence was significantly asso-
ciated with a higher risk of depression than a low HIV prevalence community (adjusted odds ratio =1.45, 95% 
CI=1.12-1.48). For the first time, we identified a geospatial overlap between HIV and depression, with a greater 
risk of depression onset in high HIV prevalence communities, at a national scale in SA. There is a need for place- 
based policy interventions that prioritise the availability of and access to mental health services in high HIV 
prevalent SA communities, in an ageing HIV epidemic.   
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1. Introduction 

The World Health Organisation (WHO) categorises depression 
among the most frequently occurring mental health disorders, and a 
leading cause of disability globally (Murray et al., 2012). Consequently, 
mental health was an integral part of the sustainable development goal 
(SDG) three (United Nations, 2019). Depression, a mood disorder that 
causes persistent feelings of sadness and loss of interest, can lead to 
debilitating interference with daily functioning, and fatal outcomes 
when left untreated (World Health Organisation, 2021). Despite the 
danger of untreated mental health, timely access to mental health ser-
vices can be a big challenge in resource-limited, HIV endemic, 
sub-Saharan African (SSA) settings, where the consequence of untreated 
depression among people living with HIV (PLHIV) includes 
non-adherence to Anti-retroviral treatment (ART) (Cook et al., 2002; 
Nakimuli-Mpungu et al., 2012; Truong et al., 2021) as well as risky 
sexual practices (Kelly et al., 1993; Murphy et al., 2001) that might 
contribute to onward transmission of HIV. In South Africa, fewer than 
one in ten people with mental health challenges receive the care they 
need (Chisholm et al., 2006). Relatedly, depression is approximately 
3-fold more frequent among PLHIV (Bernard et al., 2017). According to 
systematic reviews/meta-analyses, between 16.8%-24.0% of PLHIV 
experience clinically diagnosed major depressive disorder in SSA (Ber-
nard et al., 2017; Lofgren et al., 2020) or 25.5%–36.0%, based on 
depressive symptomatology screening with varied depression scales 
(Lofgren et al., 2020; Zhu et al., 2019). In South Africa, between 11 and 
53.8% prevalence of depressive symptomatology is estimated among 
PLHIV (Van Coppenhagen and Duvenage, 2019; MacLean and Wether-
all, 2021). 

The relationship between HIV and depression has been well estab-
lished at the individual level (MacLean and Wetherall, 2021), with risk 
factors categorised under biological and psychological origins (World 
Health Organisation, 2021). Biologically, inflammatory 
cytokine-induced anxiety and appetite loss among PLHIV may help 
exacerbate depression (Kelley et al., 2003). In terms of psychosocial 
factors, marginalisation, disease stigma, social isolation, and fear of 
disclosure of HIV status are also known to contribute to depression onset 
among PLHIV (Nanni et al., 2015; Simoni et al., 2011; Herek and Cap-
itanio, 1993; Obermeyer et al., 2011). Although the vast majority of 
interventions are individually targeted, over the last few decades, there 
has been a considerable shift in the fight against HIV that goes beyond 
addressing individual-level risk factors (UNAIDS, 2015; Chippindale and 
French, 2001) with a focus on the potentially important role of the 
community as part of HIV intervention strategies (UNAIDS, 2015). This 
is due to the growing realisation of the critical relevance of community 
structure in relation to the extent of the HIV challenge and mitigation 
efforts (Ve, 2005). However, the strategic importance of the community 
can be threatened by the degree to which the intricacies of the HIV 
epidemic affect the psychosocial functioning of its members in general 
(vE, 2005). It has been established that the social stigma and anxiety 
that come with HIV infection may have adverse repercussions, not only 
for the individual but also for their family (Demi et al., 1997), partners 
(Ve, 2005), and caregivers (Vandevanter et al., 1999), which might 
eventually lead to depression onset. Recent evidence has also demon-
strated the effects of spatially clustered HIV outcomes, such as com-
munity viral load, on subsequent HIV incidence among residents 
(Tomita et al., 2020). 

We, therefore, hypothesise that community HIV prevalence can be 
linked with depression onset among residents. This investigation is 
critical for addressing mental health challenges that contribute to a 
sustained HIV epidemic, but are not well understood due to the lack of 
large-scale national-level evidence from SSA countries, including South 
Africa. This study addresses this research gap by quantifying the impact 
of the spatial heterogeneity of HIV community prevalence on depression 
onset, using unique nationally representative datasets from South 
Africa. 

2. Methods 

2.1. Data sources 

We used data from wave 4 (year 2015) and wave 5 (year 2017) of the 
South African National Income Dynamics Study (SA-NIDS) and spatial 
information from a published study (Kim et al., 2021) that used data 
from the 2016 South Africa Demographic and Health Survey 
(SA-DHS-2016). The SA-NIDS is a population-based longitudinal sur-
veillance study that collects unique information on trends in household 
living and health conditions in South Africa (Leibbrandt et al., 2009). A 
wave in the SA-NIDS refers to a round or panel of data collection. The 
sampling design of SA-NIDS takes a two-stage cluster sampling approach 
to attain a nationally representative sample of households (Leibbrandt 
et al., 2009). From its inception in 2008 (wave 1 or base wave), the first 
sampling stage involved the selection of 400 out of the 3000 Primary 
Sampling Units (PSUs) from Statistics South Africa’s (Stats SA) Master 
Sample, with proportional allocations based on the population sizes of 
the 53 district councils in South Africa. A PSU in SA-NIDS geographically 
consisted of at least one Enumeration Area (EA) from the SA 2001 census 
with a minimum of 74 households (Leibbrandt et al., 2009). The second 
stage sampling involved dividing each PSU into clusters consisting of 
eight households (dwelling units). Two clusters from each of the PSU 
were allocated to the SA-NIDS (Leibbrandt et al., 2009). In each 
household or dwelling unit from the selected clusters, all consenting 
study participants were administered the SA-NIDS questionnaire, which 
included psychometric evaluation of depressive symptomatology. 
Further details of the SA-NIDS methodology are provided in a technical 
report (Leibbrandt et al., 2009). 

The publicly available (de-identified) SA 2016 Demographic and 
Health Survey (SA-DHS, 2016), another nationally representative sam-
ple of households in South Africa, collected blood samples for HIV 
testing and other relevant behavioural, demographic, socio-economic, 
and geospatial variables (National Department of Health, ICF, 2019). 
In the SA-DHS-2016, HIV status was determined based on a parallel 
ELISA (enzyme-linked immunosorbent assay) testing algorithm. E411 
Cobas HIV 1/2 Combi Assay (Roche) and Genscreen HIV 1/2 Combi 
Assay (Bio-Rad) were used for concordant/discordant confirmatory 
rapid test results. Further details of the HIV testing and the 
SA-DHS-2016 methodology can be found in the SA-DHS report (Na-
tional Department of Health, ICF, 2019). 

2.2. Primary outcome 

Depression, the primary outcome of this study, is based on the 
abridged 10-item version of the Center for Epidemiologic Studies 
Depression Scale (CES-D) from the SA-NIDS Adult questionnaire in wave 
4 (year 2015) and wave 5 (year 2017). The CES-D is a valid and reliable 
instrument for psychometric assessment that captures self-reported 
symptoms indicative of depression during the past seven days (Nicola 
and Martin, 2019; Cole et al., 2004). It involves a four-point Likert scale 
ranging from 0 = rarely/none of the time (less than 1 day) to 3 =
almost/all the time (5–7 days) for each of the 10 items. We used a 
composite score of the 10 items (Cronbach’s α = 0.75) per study 
participant, with a threshold of ≥10 scores to indicate depressive 
symptomatology, similar to a previous investigation (Andresen et al., 
1994). To obtain a better effect of the community level HIV prevalence 
on the risk of depression onset (and minimise reverse causation), we 
created an incident-cohort by including only study participants without 
depression at baseline (SA-NIDS, wave 4, year 2015) for all analyses in 
this study. 

2.2.1. Spatial mapping of HIV and depression 
We generated continuous surface maps of both HIV prevalence and 

depression onset prevalence. The primary exposure of our study was 
community HIV prevalence from the SA-DHS-2016 as reported in the 
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already mentioned study that assessed the association between socio-
economic and behavioural indicators and spatial structure of HIV in SA 
(Kim et al., 2021). The first step in the spatial mapping of HIV preva-
lence, from the original study (Kim et al., 2021), was to perform a 
gender-stratified multivariable logistic regression model (out-
come=HIV, exposures=socio-economic, demographic, and behavioural 
factors selected based on previous association with HIV risk (Cuadros 
et al., 2017, 2019)). Afterwards, continuous surface maps for each sig-
nificant variable in the gender-stratified multivariable logistic regres-
sion model were generated using ordinary kriging mapping methods. In 
the second step, raster format HIV prevalence maps with a 5 km grid 
resolution were generated by substituting values from all continuous 
surface maps based on the multivariable logistic regression model by 
gender. In the final step, HIV prevalence maps with the gender stratified 
density maps were combined to generate a 5 km × 5 km pixel resolution 
map of the community HIV prevalence, which we imported for this 
study. The imported HIV prevalence map was then overlayed with 
global positioning system (GPS) coordinate locations of the SA-NIDS 
households at DataFirst’s Secure Data Centre at the University of Cape 
Town, where each participant was assigned to the general HIV preva-
lence of their community (i.e., HIV community prevalence extracted 
from the HIV prevalence map in the corresponding EA). 

Afterwards, a continuous surface map of the prevalence of depres-
sion onset using the incident-cohort dataset was generated using the 
standard kernel interpolation technique (Waller and Gotway, 2004). 
This measure was computed using a moving two-dimensional Gaussian 
kernel of a 30-km search radius. First, all participants were located to the 
exact household of residence, and the measurements (depression onset) 
were superimposed on a geographic representation of the study area 
consisting of a grid of 1-km × 1-km pixels. Next, the kernel moved 
systematically across the grid and calculated a Gaussian-weighted esti-
mate of the different measures for the unique neighbourhood around 
each pixel on the grid. The spatially smoothed averages of both HIV 
prevalence and depression onset prevalence were then aggregated at the 
district level for further spatial analyses. 

2.2.2. Spatial data analyses: geospatial structure of HIV and depression 
onset prevalence 

The geospatial structure of HIV prevalence and depression onset 
prevalence was assessed using spatial univariate and multivariate ana-
lyses with geospatial GeoDa and ArcGIS Pro environment (Anselin et al., 
2022; ESRI, 2020). First, spatial clustering (hot spot identification) of 
HIV prevalence and depression onset prevalence were identified using 
the Optimised Hot Spot Analysis in the ArcGIS Pro environment. Briefly, 
this method can identify statistically significant spatial clusters of high 
values (hot spots) and low values (cold spots) using the Getis-Ord-Gi* 
statistics (Songchitruksa and Zeng, 2010; Alene et al., 2019). This 
method works by looking at each feature within the context of neigh-
bouring features. The local sum for a feature and its neighbours is 
compared proportionally to the sum of all features and calculates sta-
tistically significant z-score results. For statistically significant positive 
z-scores, the larger the z-score is, the more intense the clustering of high 
values (hot spot). For statistically significant negative z-scores, the 
smaller the z-score is, the more intense the clustering of low values (cold 
spot) (Stopka et al., 2014; Meyers et al., 2014). Maps were generated to 
illustrate the locations of the statistically significant hot spots or cold 
spots of HIV and depression onset prevalence. Second, multivariable 
spatial associations between both variables, HIV prevalence and 
depression onset prevalence, were estimated using K-means clustering 
analysis. K-means is a partitioning clustering method in which the data 
are partitioned into k groups (i.e., four groups). In this clustering 
method, the n observations are grouped into k clusters such that the 
intra-cluster similarity is maximised (or dissimilarity minimised) and 
the between-cluster similarity minimised (or dissimilarity maximised). 
A further detailed description of these geospatial methods can be found 
elsewhere (Anselin et al., 2006; Murray and Grubesic, 2013). 

Estimations for each variable, HIV prevalence, and the onset of 
depression in each cluster identified were reported. All maps were 
generated using ArcGIS Pro (ESRI, 2020). 

2.3. Statistical data analyses: association between community HIV 
prevalence and depression onset 

We summarised the baseline socio-demographic details of the inci-
dent-cohort and examined the association between community HIV 
prevalence and depression onset with generalised estimating equations 
(GEE) regression modelling (Zeger et al., 1988). We modelled HIV 
prevalence as an ordinal binary variable of three levels (bottom, middle, 
and top terciles), with each tercile representing a unique category. In the 
multivariable GEE regression model, we adjusted for socio-demographic 
variables (e.g., gender, race, age, educational attainment, employment 
status, income, urban/rural). Also, considering the survey design of the 
SA-NIDS (Leibbrandt et al., 2009), we adjusted all proportion and 
regression-based estimates with post-stratification weights to allow our 
results to better represent the latest South African population. A meth-
odological description of the construction of post-stratification weights 
for the SA-NIDS is published elsewhere (Nicola and Martin, 2019). 

2.4. Ethics statement 

The SA-NIDS study was approved by the Ethics Committee of the 
University of Cape Town (697/2016). The use of SA-NIDS data for this 
manuscript was approved by the University of KwaZulu-Natal Biomed-
ical Research Ethics Committee (BE 111/14). The use of SA-DHS data for 
this manuscript was also approved by the University of KwaZulu-Natal 
Biomedical Research Ethics Committee (00007107). This study follows 
the Strengthening the Reporting of Observational Studies in Epidemi-
ology (STROBE) reporting guideline. 

3. Results 

3.1. Socio-demographic profiles of study subjects 

The baseline (wave 4, year 2015) socio-demographic details of the 
13,020 study participants of the incident-cohort are presented in Table 1. 
To highlight some background. Most of the study participants (41.2%) 
were adults aged less than 30, and 55.3% indicated they were not 
married. About half of the respondents (52.5%) were unemployed, and 
41.0% were in rural areas, 49.5% in formal-urban, and 9.6% in informal- 
urban areas, based on residential type. 

3.2. Geospatial distribution of HIV and depression onset prevalence 

The spatial distribution of HIV prevalence and depression onset 
prevalence in SA is illustrated in Fig. 1. A hot spot of high HIV preva-
lence was identified in the provinces of Gauteng and KwaZulu Natal and 
parts of the Mpumalanga, Free State, Northwest, and Eastern Cape (red 
areas in the second map on the left in Fig. 1). Likewise, a hot spot of 
depression onset was identified covering similar hot spot areas of HIV 
prevalence, including Gauteng, KwaZulu-Natal, Mpumalanga, Free 
State, and Eastern Cape (red areas in the second map on the right in 
Fig. 1). Multivariable clustering analysis identified an area with the 
highest burden of both diseases (HIV and depression) where the hot 
spots of both locations were identified. This cluster of the high preva-
lence of both diseases (Cluster 1 illustrated in dark purple in the map at 
the bottom in Fig. 1) had an HIV prevalence of 22.9% and a depression 
onset prevalence of 29.3% (Table 2). Conversely, a cluster of low HIV 
and depression onset prevalence (Cluster 3) was identified in the 
southwestern part of the country, within the provinces of Northern Cape 
and Western Cape (light blue areas in the map at the bottom of Fig. 1), 
with an HIV prevalence of 12.8% and a depression onset prevalence of 
12.6% (Table 2). 
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Spatial distribution and hot spot detection for HIV prevalence (maps 
on the left) and depression onset prevalence (maps on the right). K- 
means clustering analysis map for the spatial association between HIV 
and onset of depression prevalence (Map at the bottom). 

3.3. Association between community HIV prevalence and depression onset 
among individual residents 

A 23.9% of the sampled population experienced a new depression 
episode in 2017 (wave 5). Table 3 presents the unadjusted and adjusted 
GEE regression results, which describe the association between com-
munity HIV prevalence and depression onset risk. Generally, residents in 
communities with higher HIV prevalence demonstrated an increased 
likelihood of incident depression in wave 5 (2017). Specifically, we 
found individuals living in communities in the middle (adjusted odds 
ratio [aOR]=1.28, 95% confidence interval [CI]: 1.12-1.48) and top 
(aOR=1.45, 95% CI: 1.26-1.66) HIV prevalence terciles, with higher 
odds of depression onset, compared to individuals living in communities 
in the bottom tercile. 

4. Discussion 

We investigated the association between community HIV prevalence 
and risk of depression onset among individual residents using two na-
tionally representative datasets from SA. Here, we found a geospatial 
overlap between the burden of HIV and depression onset in SA. More-
over, and for the first time, we found a significant association between 
higher community HIV prevalence and increased likelihood of depres-
sion onset at a national scale in SA, a country suffering the one of the 
largest HIV epidemics in the world. Our findings illustrate that the 
extent of community challenges in terms of disease burden matters when 

it comes to mental health and underscores the need for community- 
based interventions to prioritise mental health support, particularly in 
higher HIV endemic settings. 

Regarding plausible explanations about our main finding, the impact 
of community HIV burden on depression risk among community mem-
bers may parallel their collective economic hardship experienced. 
Within the UNAIDS 90-90-90 global targets, SA has made less progress 
(in the middle 90) in sustained ART among PLHIV (CDC, 2022). The 
pressure for adherence and sustained care for chronic conditions such as 
HIV can, no doubt, inflict a burden, particularly in impoverished com-
munities, which can be financially and psychologically taxing for both 
PLHIV and the caregivers (with and without HIV) who support them 
(Ve, 2005; Schulz et al., 1995; Pinquart and Sorensen, 2007). A previous 
study from SA has shown that households spend a considerable amount 
of time and money to obtain ART from an overwhelmed healthcare 
system (Schulz and Sherwood, 2008). Another survey from SA reported 
a higher prevalence of depressive symptoms among the family members 
of PLHIV (Nyirenda et al., 2013). In addition to collective economic 
hardship and caregiver burden, HIV-related stigma and depression onset 
risk (Ashaba et al., 2019) might be parallel at the community level. 
Stigma, as a social construct, is a dehumanising social label placed due 
to deviation from a cultural ideal or expectation (Visser et al., 2009). 
Although HIV is an endemic challenge in SA, we argue that HIV stigma is 
still relevant, which may help explain its impact on depression onset in 
high prevalence communities (Jacob et al., 1987; Ross, 1988). To hasten 
the pace of reaching HIV milestones such as the 95-95-95 UNAIDS tar-
gets in SA by 2030 (UNAIDS, 2015), and based on the evidence of the 
geospatial overlap of both health challenges observed in our study, we 
advocate that the SDG goal three on mental health (United Nations, 
2019) must be addressed based on geographically prioritised 
evidence-based interventions that are focused on HIV related depressive 
precursors such as stigma, anxiety, and limited family support (Breuer 
et al., 2011). Therefore, mental health services should be a major part of 
routine HIV care, with easy access by the wider endemic community to 
help reduce related depression and improve HIV implementation out-
comes such as adherence to ART (Cook et al., 2002; Truong et al., 2021) 
and safe sexual behavioural practices (Kelly et al., 1993; Murphy et al., 
2001). This, by extension, can improve the associated intervention 
outcomes such as viral suppression and promote a consistent reduction 
in new HIV infections over time (UNAIDS, 2015). Although easier said 
than done, more human resources (i.e. training at primary health care) 
and large-scale evidence on community-based mental health services 
that are part of routine HIV care are needed (World Health Organiza-
tion, 2004). 

Several studies have assessed the impact of life-threatening diseases 
such as HIV on the mental health of infected individuals (Valente, 2003; 
Evans et al., 2002; Myer et al., 2008). The evidence indicates that the 
stress and physical deterioration caused by HIV infection have promi-
nent negative influences on the mental health of an individual (Sulehri 
et al., 2010). Depression may alter cellular immunity through related 
non-adherence to ART (Truong et al., 2021) and may contribute to 
disease progression in certain immune diseases, such as HIV infection 
(Evans et al., 2002). This association may generate a synergistic rela-
tionship between depression and the HIV epidemic, a collision that 
emerges as a major public health challenge that needs to be addressed, 
and highlights a significant compounding challenge for the health care 
system. Accordingly, understanding the potential association between 
infectious agents like HIV and the development of depression could 
provide means to improve both depression outcomes and prevention in 
high HIV endemic settings like SA. 

We also found that the burden of depression onset is clustered in 
specific geographic locations in SA, mainly in KwaZulu-Natal, Gauteng, 
Mpumalanga, and Free State Provinces. More importantly, the identified 
hot spots of depression geographically overlapped with areas where the 
highest burden of HIV was concentrated, particularly in KwaZulu-Natal 
Province, which has one of the highest HIV prevalence rates (Kharsany 

Table 1 
Sociodemographic profiles of study subjects (N = 13,020).  

Variable Category n % 

Gender: Male 5327 46.3%  
Female 7691 53.7% 

Race: White 10,747 81.2%  
African 1898 8.5%  
*Coloured 111 2.4%  
Asian/Indian 264 7.9% 

Age category: 15-19 2326 14.7%  
20-24 1896 12.9%  
25-29 1617 13.6%  
30-34 1296 12.1%  
35-64 4855 39.9%  
65+ 1025 7.0% 

Marital status: Married 3169 29.5%  
Living with partner 938 5.8%  
Widow/Widower 1100 6.6%  
Divorced or separated 267 2.8%  
Never married 7540 55.3% 

Highest educational attainment: Below High School 994 4.9%  
Completed High School 8562 60.7%  
Beyond High School 3459 34.4% 

Employment status: Unemployed 7889 52.5%  
Employed 5108 47.5% 

Household income: 1stquintile 2573 18.4%  
2ndquintile 2505 16.0%  
3rdquintile 2548 17.4%  
4thquintile 2703 21.1%  
5thquintile 2691 27.0% 

Location: Rural 6838 41.0%  
Urban formal 5279 49.5%  
Urban informal 903 9.6%  

* The “coloured” is a term used by Statistics South Africa (Statistics South 
Africa, 2004), a South African ethnic label that includes children/descendants 
from black-white, black-Asian, black-coloured, and white-Asian unions (Brown 
and College, 2000). Percentages adjusted for post-stratification weight. Per-
centages may not add up to 100 due to rounding. 
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et al., 2018), and where the two infections collide (Kasprowicz et al., 
2011). The large HIV epidemic that is currently affecting SA might have 
a direct or indirect impact on the mental health of its population, paving 
the way for the emergence of a significant depression epidemic 
concentrated in the higher HIV burden areas. The identification and 
geographical location of these areas where HIV and depression collide 
should play a key role in enabling well-informed policy decisions. This 
evidence may be critical in allocating resources and organising health-
care services to address the depression epidemic in the country, such as 

the inequality in access to primary healthcare facilities and healthcare 
services for PLHIV (Kim et al., 2021). Likewise, this information can 
assist with the development of effective tools required to promote 
mental health and maintain efficient and safe mental health services. 
These could be allocated in geographical areas where the burden of this 
mental disorder is concentrated and where there may be strong in-
teractions with HIV. 

Notwithstanding these novel findings, our study is characterised by 
some limitations, the major one being the symptom-based evaluation of 
depression, which might not be as sensitive as clinically diagnosed major 
depressive disorder. The other limitation is the displacement process for 
the GPS coordinates in the SA-DHS to protect confidentiality. Although 
displacement is not an issue with SA-NIDS, as our study was conducted 
physically at the Secure Data Centre with access to raw GPS coordinates, 
it is possible that HIV prevalence (map) generated from the SA-DHS GPS 
coordinates can lead to potential spatial bias (Kim et al., 2021). 
Notwithstanding these limitations, we found an important association 
between depression onset and living in a community with HIV high 
prevalence in the era of the ageing HIV epidemic, based on nationally 

Fig. 1. Geospatial structure of HIV and depression onset prevalence in South Africa.  

Table 2 
K-means multivariate clustering estimations for HIV prevalence and depression 
onset in South Africa.  

Cluster HIV prevalence (%) Depression onset prevalence (%) 

1 22.9 29.3 
2 17.0 23.5 
3 12.8 12.6 
4 18.7 16.9  
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representative data sets (i.e., SA-NIDS and SA-DHS). Additionally, the 
application of the incident-cohort approach that minimised reverse 
causation attests to the strength of our findings. 
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Table 3 
Multivariable GEE regression model examining the association between com-
munity HIV prevalence and depression onset risk 
among residents.  

Variable Category aOR SE 95% CI 

HIV prevalence terciles*: 
[Bottom third] 

Middle third 1.28 0.09 1.12 1.48  

Top third 1.45 0.10 1.26 1.66 
Gender: [Male] Female 1.06 0.06 0.95 1.18 
Race: [White] African 1.11 0.24 0.72 1.70  

#Coloured 1.08 0.25 0.68 1.70  
Asian/Indian 0.64 0.26 0.29 1.41 

Age category: (Kelley et al., 
2003; Nanni et al., 2015;  
Simoni et al., 2011; Herek and 
Capitanio, 1993; Obermeyer 
et al., 2011) 

20-24 1.69 0.19 1.35 2.11  

25-29 2.01 0.23 1.61 2.52  
30-34 2.22 0.28 1.74 2.84  
35-64 2.52 0.28 2.02 3.13  
65+ 2.12 0.29 1.62 2.79 

Marital status: [Married] Living with 
partner 

0.76 0.09 0.60 0.97  

Widow/ 
Widower 

1.54 0.15 1.28 1.85  

Divorced or 
separated 

1.73 0.26 1.29 2.31  

Never married 1.26 0.10 1.08 1.46 
Education: [Below High School] Completed 

High School 
0.89 0.08 0.74 1.07  

Beyond High 
School 

0.91 0.10 0.73 1.14 

Employment status: 
[Unemployed] 

Employed 0.85 0.05 0.76 0.96 

Household income quintile: 
[1st] 

2nd 0.99 0.08 0.85 1.16  

3rd 0.90 0.07 0.77 1.06  
4th 0.67 0.05 0.57 0.79  
5th 0.55 0.05 0.46 0.67 

Location: [Rural] Urban formal 1.13 0.07 1.01 1.26 
— Urban 

informal 
1.15 0.10 0.96 1.37  

* Prevalence tercile (actual ranges: Bottom<18.3%, Middle=18.3%-23.1%, 
Top> 23.1%). #The “coloured” is a term used by Statistics South Africa (Sta-
tistics South Africa, 2004), a South African ethnic label that includes child-
ren/descendants from black-white, black-Asian, black-coloured, and 
white-Asian unions (Brown and College, 2000). The regression model was 
adjusted based on poststratification weight (from final observation of the indi-
vidual panel) to reflect more recent population estimates produced by Statistics 
South Africa. OR=Odds Ratio, aOR=Adjusted Odds Ratio, CI=Confidence In-
terval, SE=Standard Errors. Reference category in square brackets. Discussion 
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