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Syndemics of intimate partner 
violence among women 
in HIV endemic South Africa: 
geospatial analysis of nationally 
representative data
Andrew Tomita1,2*, Diego F. Cuadros3,4 & Andrew Gibbs1,5,6

Despite some improvement in lowering HIV incidence, HIV-related challenges, such as intimate 
partner violence (IPV), remain unacceptably high among women in South Africa. For decades, 
researchers and activists have pointed to the complex and intertwined reality of the substance abuse, 
violence and AIDS (SAVA) syndemic that endangers women. However, more recent systematic review/
meta-analysis evidence points to inconclusive association between IPV and alcohol use. Furthermore, 
much of the evidence is often non-population-based that focuses on the co-occurrence rather than 
synergistic SAVA interaction. In this study, using the latest data from the South Africa Demographic 
and Health Survey (SA-DHS), we identified geographic synergistic clustering of IPV associated with 
HIV and substance abuse in South Africa as a measure of population-level interactions among these 
factors. The SA-DHS is a nationally representative sample that includes wide-ranging data on health, 
social challenges and household geo-locations of 5,874 women who participated in the domestic 
violence module. First, geographical IPV, harmful alcohol use (as the substance abuse measure 
available in SA-DHS) and HIV clusters were identified using the Kulldorff spatial scan statistic in 
SaTScan. Second, synergistic interactions related to recent IPV (i.e. recent physical, sexual, emotional 
violence during the last 12 months) with harmful alcohol use and HIV challenge were measured using 
RERI [Relative excess risk due to interaction], AP [attributable proportion] and S [Synergy index]. In 
our results, we spatially identified geographical physical IPV syndemic interactions in parts of the 
Eastern Cape/Free State Provinces (RERI = 4.42 [95% CI: 2.34–6.51], AP = 0.56 [95% CI: 0.44–0.68], 
S = 2.77 [95% CI: 2.01–3.84], but not in other forms of IPV. Although IPV, based on decade old concept 
of SAVA syndemic, was less common/widespread than expected from the national scale population-
based data, we identified population-level physical violence syndemic occurring in South Africa. 
Our study highlights the need to prioritize public health response targeting vulnerable populations 
residing in these high-risk areas of syndemic mechanisms linking these synergistic epidemics that 
women face in South Africa.

The global antiretroviral therapy (ART) community scale-up witnessed over the past decade has been a ‘game 
changer’1 that finally turned the tide in the fight against HIV, the disease having claimed countless lives in sub-
Saharan Africa (SSA)2–4. South Africa, home to one of the largest HIV epidemics in the world (estimated 4.7 
million women aged 15 + were living with HIV in  20195), is no exception. According to the latest UNAIDS report 
in 2020, HIV-related death among women aged 15 + stood at 33,000 cases in  20195, a remarkable achievement, 
though still unacceptably high, compared to the 120,000 cases in  20056, when the national ART programs (which 
officially began in late 2003/20047) roll-out was gaining momentum in South Africa.
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Despite the population health benefit of ART 8, HIV incidence remains unacceptably and chronically high 
among women in South  Africa4. One of the reasons behind this trend could be the lack of progress in addressing 
excessively high levels of gender-based violence (GBV). When intimate partner violence (IPV), the most common 
form of GBV that includes physical, sexual and emotional abuse, is viewed as one barometer of gender inequality, 
the magnitude of the challenge in South Africa is alarming. According to the 2018 World Health Organization 
estimate, as many as 24% of women in South Africa experience IPV in their  lifetime9.

The dual burden of the HIV and IPV epidemics facing women is sadly nothing new. Since the beginning of 
the global HIV epidemic, public health experts have been warning about the dangers of the substance abuse, 
violence and HIV/AIDS (SAVA) syndemic, the inseparability of the HIV challenge that is concurring, intersect-
ing and mutually reinforcing the entrenched IPV and substance abuse  epidemic10,11. Syndemic  theory12 posits 
that vulnerable populations often suffer from the effect of synergistic clustering of 2 + population health condi-
tions, which are fueled by macrolevel social, environmental and economic adversities. In the era of the ageing 
HIV epidemic where the attention to focuses on chronic health challenges (i.e. non-communicable diseases) 
associated with longer life expectancy with the advent of ART for individuals living with  HIV13, the challenge 
of addressing the SAVA syndemic needs to be re-assessed. In light of recent evidence from a systematic review 
and meta-analysis, which points to no association between IPV and alcohol use (at individual-level)14, this calls 
into question the relevance of decades old concept in SAVA syndemics, with a clear need to reassess whether 
synergistic clustering of IPV associated with HIV and substance use still matters in South Africa. Furthermore, to 
the best of our knowledge and literature review, there is no national-level epidemiological evidence that identifies 
and empirically quantifies the synergistic interactions of IPV associated with HIV and substance use in South 
Africa at population level to date. As a developing nation in sub-Saharan Africa, South African health system is 
overburdened and under-resourced15, which ultimately requires allocation of limited resources to be targeted to 
prioritized intervention in vulnerable populations residing in high-risk  areas16. Towards informing a geographic 
targeted intervention, we conducted this investigation to first identify geographical IPV syndemic clustering, 
and then empirically investigate whether HIV and substance use synergistically interact to fuel population-level 
IPV among women in South Africa.

Methods
Data source. We used publicly available cross-sectional data from the South Africa Demographic and 
Health Survey (SA-DHS)17, a nationally representative sample of households that provides unique national-rep-
resentative insights into population-level socio-demographic profiles and health needs, as well as data on spatial 
information of the sampled household locations (global position system [GPS] coordinates) which became pub-
licly available in 2019. The SA-DHS employed a stratified, two-stage cluster sampling design to reach a nation-
ally representative sample of  households17. Briefly, the SA-DHS followed a sampling design with a probability 
proportional to the sample size of primary sampling units (PSUs) at the first stage, and systematic sampling of 
residential dwelling units (DUs) in each PSU at the second stage. In terms of data collection, field workers inter-
viewed all households at the selected DUs, with women ages 18 + ever partnered being eligible for the Domestic 
Violence Module. With an overall response rate of 76%, data on 5,874 (weighted) ever-partnered women were 
available from the domestic violence module. Thereafter, socio-demographic, clinical and household data were 
linked to the 5,874 women, which were obtained using other questionnaires [described in the Measures section 
below]. The use of the data was approved by the University of KwaZulu-Natal Biomedical Research Ethics Com-
mittee (00007107).

Measures
Health challenges. Three health challenges relevant for the concept of SAVA syndemic, and available from 
the SA-DHS, were included in our study, namely (1) IPV, (2) substance use, (3) HIV.

1. Intimate Partner Violence (Domain #1)
  Recent IPV was the primary focus of our study, with the SA-DHS collecting information on whether types 

of IPV women had experienced within the past 12 months, based on self-report. Our work focused on three 
types of IPV, namely: physical, sexual, and emotional violence.

2. Substance Abuse (Domain #2)
  According to the  WHO18, substance abuse refers to the harmful/hazardous use of psychoactive substances, 

including alcohol. We utilized a standard measure of potential problems with alcohol abuse based on a 4-item 
questionnaire from the Concern/Cut-down, Anger, Guilt, and Eye-Opener (CAGE) test. Two ‘Yes’ responses 
in the CAGE were considered to be risk positive for harmful alcohol  use19.

3. HIV (Domain #3)
  The SA-DHS also collected blood samples, with HIV status being determined based on a parallel ELISA 

(enzyme-linked immunosorbent assay) testing algorithm. The GenScreen HIV 1/2 Combi Assay (Bio-Rad), 
E411 Cobas HIV 1/2 Combi Assay (Roche), and Geenius HIV1/2 Assay (Bio-Rad) were used for appropriate 
concordant and discordant confirmatory rapid test results. Further details of the HIV testing algorithm are 
described in the SA-DHS  report17.

Geographical hotspots identification. Geographical clusters for each of the above mentioned three 
health challenges were identified separately using the Kulldorff spatial scan  statistic20,21 implemented in SaTScan 
 software22. The space permutation model identifies geographical clusters by imposing a circular window with 
varying radii continuously for each GPS coordinate of the SA-DHS households, and testing whether or not the 
given health challenge studied is significantly adjacent and unlikely to have arisen by chance, based on a likeli-
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hood ratio test. This step of identifying clusters was repeated for each of the abovementioned health challenges 
and social driver (i.e. poverty). When a geographical cluster was identified (p < 0.05), the strength of the cluster 
(comparing the risks of events inside/outside) was estimated using relative risk (RR). The spatial locations of the 
geographical cluster identified were mapped using QGIS 3.10.823. Study participants were subsequently classi-
fied as exposed to a cluster (i.e. residing in a household located within a cluster) or unexposed (i.e. residing in a 
household located outside the cluster) as a dichotomized measure.

Statistical analysis. Three analyses were conducted in our study. First, a descriptive analysis of the partici-
pant’s socio-demographics in the Domestic Violence Module was conducted. As the norm of large population-
based research, percentages were reported for categorical data. Second, in the event that geographical clusters 
overlapping IPV, harmful alcohol use and HIV were identified, its additive interaction, which fits the logistic 
regression (controlling for socio-demographic variables noted in Table 1) were evaluated. This was evaluated 
based on three measures, namely: RERI [Relative excess risk due to interaction], AP [attributable proportion] 
and S [Synergy index] and their 95% confidence intervals using the delta  method24,25. RERI > 0, AP > 0 and S > 1 
are indications of interactions, with geographical clusters overlap of IPV, harmful alcohol use and HIV being 
referred to as ‘IPV syndemic’ in this investigation. Third, we undertook bivariate and multivariable logistic 
regression to identify significant Socio-demographic correlates of population-level IPV syndemics (residing in 
areas where all three health challenges overlap). The analyses were adjusted by Domestic Violence Module sur-
vey weight provided by SA-DHS, with STATA 17 being used for analysis.

Table 1.  Sociodemographic of study participants (N = 5,874). Although the sample size of the Domestic 
Violence Module indicated in the previous SA-DHS report produced by the South African National 
Department of Health is 5,865, we report our estimate based on 5874 (weighted) ever-partnered women from 
the Domestic Violence Module. The main DHS acknowledges the nine cases differential in the SA-DHS report, 
with the difference after our own reproduction being small.

Variable Categories

Overall

n %

Age

18–24 1041 17.7

25–34 1573 26.8

35–44 1117 19

45–54 773 13.2

55–64 669 11.4

65 + 701 11.9

Population group

Black African 4945 84.2

White 324 5.5

Coloured 504 8.6

Indian/Asian and Others 101 1.7

Marital status

Never Union 2243 38.2

Married 1899 32.3

Living together 693 11.8

Widowed 701 11.9

Divorced and Separated 338 5.8

Educational attainment

No education 497 8.5

Primary incomplete 614 10.4

Primary complete 257 4.4

Secondary incomplete 2289 39

Secondary complete 1464 24.9

More than secondary 753 12.8

Employment (past 12 months)

Not employed 4008 68.2

Employed for cash 1805 30.7

Employed not for cash 61 1.0

Wealth quintile

Lowest 1096 18.7

Second 1203 20.5

Middle 1181 20.1

Fourth 1164 19.8

Highest 1230 20.9

Residence type
Urban 3839 65.3

Rural 2035 34.7
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Results
Socio-demographic characteristics. The socio-demographic characteristics of the 5,874 sampled adult 
females aged 18 + who participated in the domestic violence module are presented in Table 1. With a median age 
of 40 (IQR = 29–55), most participants were Black African (84.2%), never married (38.2%), unemployed (68.2%) 
and had not completed secondary school (62.3%). The prevalence of recent experiencing physical, sexual, and 
emotional violence was 7.8%, 2.3%, and 9.1% respectively.

SAVA spatial distribution. The spatial distribution of intersecting geographical clusters in IPV, harmful 
alcohol use, HIV are illustrated in Fig. 1. We spatially detected (and mapped) geographical physical IPV syn-
demic interactions (areas where clusters of all three health challenges overlap) in parts of the Eastern Cape/Free 
State Provinces (RERI = 4.42 [95% CI: 2.34–6.51], AP = 0.56 [95% CI: 0.44–0.68], S = 2.77 [95% CI: 2.01–3.84]. 
No geographical sexual, or emotional IPV syndemic interactions with significant RERI, AP and S were detected.

Socio-demographic correlates of IPV syndemics. The socio-demographic profiles of the female study 
participants residing in physical IPV syndemic area are provided in Table 2. We found that syndemic area is 
urban and consisted of mostly of Black Africans (98.4%), single marital status (48.6%), incomplete second-
ary schooling (74.0%) and a middle/high middle wealth index (70.7%). To highlight some of the results of 
the adjusted regression analyses (Table 3), we found that individuals aged 18–24 [compared to oldest group] 
(aOR = 5.84, 95% CI: 2.74–12.46), living together [compared to never union] (aOR = 1.53, 95% CI: 1.02–1.47), 
secondary school incomplete [compared to more than secondary education] (aOR = 2.63, 95% CI: 1.26–5.48), 
lowest wealth quintile [compared to middle wealth quintile group] (aOR = 1.92, 95% CI: 1.26–2.94) and from 
urban areas [compared to rural area] (aOR = 1.49, 95% CI: 1.07–2.06) have greater likelihood of living in the 
identified syndemic area.

Figure 1.  IPV Syndemics in South Africa. Green area indicates intersect of clusters in physical IPV, HIV, and 
harmful alcohol use where RERI > 0, AP > 0 and S > 1. Light blue indicates cluster of lowest wealth index quintile 
as a side note in image A. As noted previously, syndemic  theory12 synergistic clustering of population health 
conditions has socioeconomic adversities. Area B in image A is magnified in the image B. Area C in image A is 
magnified in the image C. The map was created using QGIS 3.10 (https:// www. qgis. org/ en/ site/ forus ers/ visua 
lchan gelog 310/ index. html).

https://www.qgis.org/en/site/forusers/visualchangelog310/index.html
https://www.qgis.org/en/site/forusers/visualchangelog310/index.html
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Table 2.  Sociodemographic characteristics and correlates of living inside/outside physical IPV syndemic area 
based on bivariate analyses (N = 5932). Relative frequency within column that adds up to 1 (or 100%). Bolded 
means p < 0.05 based on the Pearson chi-squared statistic is corrected for the survey design with the second-
order correction of Rao and  Scott44 and is converted into an F statistic.

Variable Categories

Outside Inside

Col Col

Age

18–24 0.18 0.20

25–34 0.27 0.20

35–44 0.19 0.15

45–54 0.13 0.20

55–64 0.11 0.16

65 + 0.12 0.08

Population group
Black African 0.84 0.98

Non-Black African 0.16 0.02

Marital status

Never Union 0.38 0.49

Married 0.32 0.23

Living together 0.12 0.09

Widowed/Divorced/Separated 0.18 0.20

Educational attainment

Secondary incomplete 0.62 0.74

Secondary complete 0.25 0.24

More than secondary 0.13 0.02

Employment (past 12 months)
Not employed 0.68 0.68

Employed 0.32 0.32

Wealth quintile

Lowest 0.19 0.10

Second 0.21 0.14

Middle 0.20 0.27

Fourth 0.19 0.43

Highest 0.21 0.05

Residence type
Urban 0.65 1.00

Rural 0.35 0.00

Table 3.  Sociodemographic correlates of living inside/outside physical IPV syndemic area based on logistic 
regression.

Variable Categories aOR 95% CI

Age: [65 +]

18–24 5.84 2.74 12.46

25–34 5.81 2.79 12.11

35–44 5.44 2.63 11.24

45–54 3.89 1.83 8.24

55–64 3.90 1.79 8.50

Population group: [Non-Black African] Black African 0.83 0.53 1.30

Marital Status: [Never Union]

Married 0.80 0.55 1.17

Living together 1.53 1.02 2.29

Widowed/Divorced/Separated 0.88 0.53 1.47

Educational Attainment: [More than secondary]
Secondary incomplete 2.63 1.26 5.48

Secondary complete 2.33 1.12 4.86

Employment (past 12 months): [Not employed] Employed 0.97 0.71 1.32

Wealth Quintile: [Highest]

Lowest 1.92 1.26 2.94

Second 1.03 0.71 1.49

Middle 0.83 0.56 1.24

Fourth 0.51 0.28 0.92

Residence Type: [Rural] Urban 1.49 1.07 2.06
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Discussion
Based on a nationally representative community sample in South Africa, our study empirically identified geo-
graphic synergistic clustering of physical IPV associated with HIV and alcohol use (although not with emotional 
or sexual IPV), suggesting a population-level interaction among these factors. Although more recent systematic 
review/meta-analysis evidence point to an inconclusive association between IPV and alcohol  use14, our inves-
tigation driven by nationally-representative population-based approach, makes an important contribution that 
speaks to the relevancy of the decade-old concept of SAVA syndemics since the onset of the HIV  epidemic26,27. 
Although some progress are made in lowering of HIV incidence in South  Africa8, unacceptably high level of IPV 
that exist in South Africa requires urgent public health action to addresses “intertwined and mutual enhancing 
epidemics”28 of substance abuse, and violence (in addition to HIV), particularly in areas where all these health 
challenges collide identified in this study.

A syndemic that methodologically requires a vast number of population-based samples, along with detailed 
geospatial data to construct different disease clusters, remains an under-investigated topic in resource-limited 
settings. To the best of our knowledge, this is the first study in SSA that attempted to identify the spatial variability 
of syndemic health challenges, including the population-based IPV syndemic, based on the concept of SAVA 
syndemics, at a national scale, thus making comparison difficult with other studies. Nonetheless, a recent large 
population-based South African multi-morbidity study in a high HIV prevalence rural setting (at the time of this 
report) identified similar findings of the convergence of an infectious and non-communicable disease epidemic 
setting, although no measures of substance use, including harmful alcohol use, were  available29.

IPV spatial synergistic clustering in parts of the Eastern Cape and Free State Provinces warrants further 
discussion. In Eastern Cape, these were detected in SA-DHS households from the western part of East London 
(i.e. Wilsonia) towards Qonce/Zwelitsha, passing through Mdantsane via the N2 National Road. According to 
the Buffalo City Municipal Spatial Development Framework report of  202030, there are a number of designated 
informal settlements located in Wilsonia, Mdantsane, and Zwelitsha along and adjacent to the N2 National Road 
corridor. In the Free State, IPV spatial synergistic clusters were detected in SA-DHS households from the urban 
nodes/centers of Dewetsdorp to the southern parts of Manguang via the Regional Route R702. According to the 
Mangaung Municipal Spatial Development Framework report of  202031 there are number of highlighted informal 
settlements in Mangaung and Dewetsdorp close to Regional Route R702. Although we cannot fully pinpoint that 
spatial synergistic clusters of IPV given that the DHS randomly displaces the urban GPS positions for a maxi-
mum of two kilometers to protect participant  confidentiality32 (DHS, 2013), the unique and unfortunate legacy 
of informal settlements cannot easily be  dismissed33. Informal settlements, high population density areas at the 
outskirts of urban areas and other economic centers in South Africa often lack formal built infrastructure, and 
have little or no access to basic services, such as water, electricity and  sanitation34. These areas exist historically 
(and continue to exist) as consequences of apartheid regime’s urban planning policy, which neglected the housing 
needs of migrants that industries relied upon for the country’s economic  development35.

Although it could easily be argued that the detection of spatial synergistic cluster near the national road-
way, or adjacent to the province’s economic hubs, can be attributed to ease of sampling by SA-DHS, other 
geospatial studies from South Africa also note similar challenges in informal settlements that are historically, 
and continues to be neglected. For example, several South African studies from the Africa Health Research 
Institute Demographic and Health Surveillance System (2016–2019), located in the Umkhanyakude District of 
the northern KwaZulu-Natal Province, point to clusters of HIV infections in informal settlement communities 
near the National Road that links the city of Durban with Mozambique, Swaziland and Mpumalanga Province 
in the  north36,37. In this surveillance area, HIV incidence among young women is persistently high (5.12, 95% 
CI: 4.25–6.37)38. In the current investigation, we found that study participants residing in IPV spatial synergistic 
cluster communities were mainly young, Black African females (98.4%) often single (the largest group being ages 
18–24: 20.4%), unemployed (68.1%), and had not completed secondary school (74.0%). Our study highlights 
the need to prioritize public health responses for socioeconomically vulnerable young women in the high-risk 
syndemic areas in South Africa.

Limitations. There are several limitations that warrant discussion. First, not all health challenges of the 
study participants were based on laboratory or diagnostic tests. Given the vast number of study participants and 
health domains available for assessment in the SA-DHS, it is common in large population-based studies to rely 
on self-reported data. We acknowledge the possible underreporting of health and IPV challenges in our study, as 
is commonly detected in other population-based  studies39–42. Second, our study was based on a cross-sectional 
design, with further studies being needed to establish temporal relationships between syndemics and IPV. Not-
withstanding these limitations, this investigation identified the spatial heterogeneity of health syndemics at a 
national scale in South Africa, with a significant link between these syndemic health challenges and IPV among 
women.

Conclusion
Although IPV, based on decade old concept of SAVA syndemic, was less common/widespread than expected 
from the nationally representative population-based data, we nonetheless identified physical violence syndemic 
occurring in South Africa which speaks to the relevance of intertwined reality of the substance abuse, violence 
and AIDS (SAVA) syndemic in South Africa. In recent years, there has been a growing call for people-centered 
 policies43 that address complex challenges individual face in their respective community. The findings from our 
study, which geographically identified at-risk IPV syndemic communities, are an essential first step towards 
implementing people-centered interventions in the era of an aging HIV epidemic. Although more further studies 
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are needed about the role of informal settlements, public health intervention should (re-)focus on alcohol reduc-
tion and HIV prevention at-risk impoverish communities that drive IPV among women in South Africa.
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