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spatial structure of depression 
in south Africa: A longitudinal 
panel survey of a nationally 
representative sample of 
households
Diego F. Cuadros1,2, Andrew tomita3,4, Alain Vandormael3,5, Rob slotow  6,7, 
Jonathan K. Burns  8,9 & Frank tanser5,10

Wider recognition of the mental health burden of disease has increased its importance as a global 
public health concern. However, the spatial heterogeneity of mental disorders at large geographical 
scales is still not well understood. Herein, we investigate the spatial distribution of incident depression 
in south Africa. We assess depressive symptomatology from a large longitudinal panel survey of a 
nationally representative sample of households, the South African National Income Dynamics Study. 
We identified spatial clusters of incident depression using spatial scan statistical analysis. Logistic 
regression was fitted to establish the relationship between clustering of depression and socio-
economic, behavioral and disease risk factors, such as tuberculosis. There was substantial geographical 
clustering of depression in South Africa, with the excessive numbers of new cases concentrated in 
the eastern part of the country. These clusters overlapped with those of self-reported tuberculosis in 
the same region, as well as with poorer, less educated people living in traditional rural communities. 
Herein, we demonstrate, for the first time, spatial structuring of depression at a national scale, with 
clear geographical ‘hotspots’ of concentration of individuals reporting new depressive symptoms. 
Such geographical clustering could reflect differences in exposure to various risk factors, including 
socio-economic and epidemiological factors, driving or reinforcing the spatial structure of depression. 
Identification of the geographical location of clusters of depression should inform policy decisions.

Mental health is a major global public health concern1,2, with the Global Burden of Disease Study highlighting 
the full extent of depressive illness as a high impact disorder that is commonly comorbid with other mental and 
physical diseases, and that has major public health implications3. Depression is the single largest contributor to 
global disability (7.5% of all years lived with disability), with more than 300 million cases worldwide in 20153. 
Importantly, while 80% of the disease burden due to depression is located in low- and middle-income countries 
(LMICs), only 10% of these sufferers access effective treatments (reduced to 1 in 27 sufferers in low-income coun-
tries)4,5. In South Africa, an estimated 9.8% of the adult population experience major (clinical) depression at some 
point in their life6,7, and despite treatment being available, only 25% have sought treatment and care for a mental 
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disorder (such as depression) within 12 months8. Therefore, reducing the treatment gap remains a significant 
challenge in the South Africa context.

South Africa is a nation in transition, undergoing rapid industrialization and urbanization, while continuing 
to grapple with the legacy of Apartheid — a discriminatory social system that institutionalized racial, economic 
and land inequality9. Deeply entrenched inequalities, poverty, and high rates of unemployment remain after the 
transition to democracy in 199410. As a result, South Africa has one of the world’s highest GINI coefficients (an 
index intended to represent the income or wealth distribution of a nation’s residents, and is the most commonly 
used measure of inequality)11. Likewise, South Africa has a unique epidemiological landscape, in which infectious 
diseases, such as HIV and tuberculosis (TB), have severely affected the South African population, especially the 
poor11–14. TB remains a national crisis in South Africa, which is one of seven countries responsible for the major-
ity of the world’s disease burden12, where it remains the leading cause of death15. TB and HIV-TB coinfection 
have been found to increase the risk of depression and other mental disorders16. TB infected individuals may 
experience discrimination, and may have more economic difficulties during the course of isolation or treatment, 
boosting the emergence of depressive symptoms17. Moreover, the evidence suggest a causative role of systemic 
infection inflammatory mediators, such as interleukin and interferon, which influence the microglial environ-
ment and neuronal activity, resulting in depression18.

The socio-behavioral and epidemiological features observed in South Africa generate a challenge for both 
understanding the epidemiological characteristics of depression, and implementing effective control interven-
tions aimed to alleviate this growing epidemic19. Therefore, novel and innovative approaches are needed to under-
stand the challenge of depression disorders in this unique epidemiological and socio-economic context.

Spatial epidemiology has emerged as a promising approach for understanding the distribution and patterns 
underlying the processes and drivers of an epidemic. This approach has been extensively used to study communi-
cable and non-communicable diseases, and could provide important insights into mental health disorders, such 
as schizophrenia and depression20–22. In recent years, several studies have underscored the spatial structure of 
mental disorders that are partly driven by factors distributed unevenly in space23,24. These studies highlight the 
role of spatial epidemiology in understanding the contextual determinants of mental disorders. Such approaches 
could support the development of strategic programs that are required to promote mental health, prevent mental 
illnesses, reduce treatment gaps, and develop and maintain effective and safe mental health services in those areas 
where they are needed most. To date, however, studies have only been conducted in neighborhoods or cities, and 
the spatial structure of mental disorders at large geographic scales, such as national level, is unknown. The study 
of the spatial structure of mental disorders at this large scale is particularly important to match with and inform 
public health interventions or investments for improvement planned at a national or provincial level.

Against this background, using a large ongoing national representative survey conducted in South Africa, 
we present the first assessment of the spatial structure of depression at national level. Our primary aim was to 
identify the geographical locations (hotspots) where the burden of depression is concentrated. As we were also 
interested in identifying the drivers within any particular hotspot, our secondary aim was to conduct an analysis 
at the ecological level to examine the association between the spatial structure of depression and socio-economic, 
behavioral and burden of infectious diseases, such as TB.

Results
Spatio-temporal clustering analysis of existing cases of depression. A total of 14,097 existing cases 
of depression were reported in the three survey waves conducted during 2008 to 2012. Spatio-temporal scan sta-
tistics analysis identified 14 significant clusters of depression (P < 0.05) in South Africa (Table 1). Most reported 
clusters were located in the northern and eastern part of the country, among the North West, Free State, Eastern 
Cape, and KwaZulu-Natal Provinces (Fig. 1A). Relative risk of depression within these clusters ranged from 1.44 
in a cluster located among the Eastern Cape and KwaZulu-Natal Provinces, to 2.32 in a cluster located in the 
North West Province, where the prevalence of depression was 64%. The 14 clusters covered only 19.7% of the total 
area of South Africa, but contained 4,886 (34.7%) of reported cases of depression.

Spatial clustering analysis of new cases of depression. The analysis of baseline characteristics of the 
depression incidence cohort (i.e. repeat-testers having no depressive symptoms at baseline) dataset (Table S1 in 
Supplementary Materials) indicated that half of study participants were female (53.3%) and younger than 35 years 
old (58.4%). The largest racial group was Black African (78.6%), approximately half were single (54.6%), and not 
employed (59.2%). The majority had completed at least a high school equivalent level of education (93.3%), and 
most lived in urban areas (60.7%).

From the 11,161 individuals included in the analysis that reported no symptoms of depression at baseline, 
2,332 (20.89%) reported symptoms of depression in a following survey (identified as new case of depression) 
during the period of the study. Scan statistics analysis identified four significant spatial clusters of new cases of 
depression in South Africa (Table 2). Clusters of onset of depression were located at the eastern part of the coun-
try, among KwaZulu-Natal and Eastern Cape Provinces (Fig. 1B). These four clusters included 20% of the individ-
uals in the cohort showing no symptoms at baseline, but manifested 791 (33.9%) of the new cases of depression, 
while enclosing only 5.2% of the total area of South Africa. In two of these clusters located in KwaZulu-Natal 
Province (cluster 1 and 2), new cases of depression were reported for more than 40% of the survey participants 
included in the cluster who showed no symptoms at baseline (Table 2).

Cluster description. In summary (Table 3), individuals reporting being TB positive significantly influenced 
depression clustering, these individuals having more than 50% additional likelihood of being located within the 
clusters of new cases of depression (odds ratio [OR] = 1.58; 95% confidence interval [CI] 1.05–2.37; P = 0.028). 
Likewise, being poorer, less educated (completed primary school only), single, Black African, and living in a 
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traditional tribal authority setting, were also identified as factors that increased the likelihood of being located 
within spatial clusters of new cases of depression.

Spatio-temporal clustering analysis of existing cases of self-reported TB infection. A total of 
2,287 existing cases of TB were reported in the three different survey waves conducted during 2008 to 2012. 
Spatio-temporal Scan statistics analysis identified six significant spatio-temporal clusters of TB in South Africa 
(Table 1). Similar to the clusters of onset of depression, most of the TB clusters were located at the eastern part of 
the country among the Free State, Eastern Cape, and KwaZulu-Natal Provinces (Fig. 1C). Relative risk of depres-
sion within these clusters ranged from 1.66, to 4.38, both areas being located in KwaZulu-Natal Province. A total 
of 332 cases of self-reported TB infection (14.5% of the cases) were reported within the six clusters identified, 
which cover 9.3% of the total area of South Africa.

Discussion
The burden of depression is clearly clustered in specific geographic locations in South Africa. Using state of the 
art methodology for clustering detection, and data from a nationally representative survey conducted in different 
years in South Africa, we identified several geographical ‘hotspots’ of existing (prevalent) cases of depression in 
the northern and eastern parts of South Africa. Importantly, we also identified clear geographical clusters of new 
(incident) cases of depression situated mainly in KwaZulu-Natal Province, within which more than 40% of the 
participants reported symptoms of depression during the time period covered by the surveys (2008–12), amongst 
the highest rates ever identified in any community context5.

Moreover, to our knowledge, this is the first report of the geographic distribution of mental health being 
associated with an infectious disease (TB) epidemic. Individuals who reported being infected with TB had 
significantly higher odds of belonging to a hotspot of new cases of depression. This was after controlling for 
other important socio-economical and demographical risk factors of depression, identified in previous work in 
sub-Saharan African settings, as well as in studies assessing the geographical risk factors of depression at smaller 
scales20,25. Likewise, the clusters of new cases of depression overlapped with those of TB self-reporting (Fig. 1D), 
particularly in the KwaZulu-Natal Province. South Africa is characterized by a particular epidemiological land-
scape, enduring one of the largest HIV epidemics in the world, which has facilitated the emergence of other 
epidemics, such as TB14. ‘Hotspots’ of depression identified geographically overlap with areas where the highest 
burden of HIV is concentrated, particularly in KwaZulu-Natal Province, which has one of the highest HIV and 
TB prevalence rates, and where the two infections collide26.

Several studies have assessed the impact of life-threatening diseases, such as TB and HIV, on the mental health 
of infected individuals27–29. Depression is one of the most common causes for psychological evaluation and treat-
ment of people living with HIV infection27. The stress and physical deterioration caused by diseases such HIV and 
TB have large impacts on the mental health of an individual30. Factors such as feelings about social discrimination 

Cluster Area (km2) Time Frame
Observed 
number of cases

Expected 
number of cases

Strength of the 
clustering* P-Value

Depression

1 6,615 2008–2010 47 20 2.3 <0.001

2 2,357 2010–2012 571 269 2.2 <0.001

3 5,778 2010–2012 38 18 2.1 <0.03

4 31,086 2008–2010 235 113 2.1 <0.001

5 22,420 2008–2010 186 91 2.0 <0.001

6 28,517 2008–2010 59 31 1.9 <0.001

7 16,459 2008–2010 212 112 1.9 <0.001

8 27,274 2008–2010 253 141 1.8 <0.001

9 29,422 2008–2010 175 98 1.8 <0.001

10 2,826 2010–2012 241 144 1.7 <0.001

11 2,090 2010–2012 242 153 1.6 <0.001

12 19,152 2008–2010 231 146 1.6 <0.001

13 15,518 2010–2012 452 310 1.5 <0.001

14 30,526 2010–2012 1944 1408 1.4 <0.001

TB

1 2,714 2008–2012 44 10 4.4 <0.001

2 30,279 2010–2012 34 10 3.3 <0.001

3 3,481 2008–2012 91 39 2.4 <0.001

4 29,361 2010–2012 64 28 2.4 <0.001

5 29,483 2008–2012 247 151 1.7 <0.001

6 18,762 2008–2012 143 88 1.7 <0.001

Table 1. Description of the spatio-temporal clusters of existing cases of depression and tuberculosis (TB) in 
South Africa. *Strength of the clustering estimated as the relative risk of depression within the cluster versus 
outside the cluster.
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and stigma, stress, constant need for health care, potential lack of family support, and response to medications, 
are among those that could drive HIV infected individuals to development depressive symptoms31.

However, mounting evidence suggests that depression may be predictive of human morbidity and mortality 
in a wide range of diseases32. Depression may alter cellular immunity, and may therefore contribute to disease 
progression in certain immune diseases, such as HIV infection33. For example, depression may have a negative 

Figure 1. In (A) Continuous surface map of the percentage of existing cases of depression and the location 
of spatio-temporal clusters of existing cases of depression; (B) continuous surface map of the percentage of 
new cases of depression and the location of spatial clusters of new cases of depression; (C) Continuous surface 
map of the percentage of self-reported cases of tuberculosis (TB) infection and the location of spatio-temporal 
clusters of existing TB cases. (D) Geographical overlap between clusters of new cases of depression (blue 
circles), and clusters of self-reported TB infection (red circles). Numbers in the clusters indicates the strength 
of the clustering as indicated in Tables 1 and 2. Continuous surfaces of depression prevalence were generated 
using the Kernel interpolation algorithm using a radius of 30 km. Maps were created using ArcGIS® software by 
Esri version 10.344 (http://www.esri.com/), and Esri World Topographic basemaps (http://www.esri.com/data/
basemaps)45.

Cluster
Area 
(km2)

Observed 
number of cases

Expected 
number of cases

Strength of the 
clustering* P-Value

1 4,092 23 10 2.5 0.04

2 2,940 86 38 2.3 <0.001

3 26,519 368 207 1.9 <0.001

4 30,961 328 221 1.6 <0.001

Table 2. Description of the geographical clusters of new cases of depression in South Africa. *Strength of the 
clustering estimated as the relative risk of depression within the cluster versus outside the cluster.
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impact on innate immunity by decreasing the natural killer T-cell activity, leading to an increase in activated CD8 
T lymphocytes and viral load28. Moreover, depression can be associated with lower adherence for treatment of 
chronic conditions, including therapeutic regimen to TB or HIV17, generating a synergistic relationship between 
depression and infectious disease epidemics, such as HIV, and emerging as a major public health challenge that 
needs to be addressed.

The geographical approach implemented in our study contributes to a deeper insight into the contextual 
determinants of mental disorders, such as depression, in a sub-Saharan African setting. Clusters of onset of new 
depression are indicated by poorer, less educated people living in traditional rural communities, adding to their 
burden of inequality and the challenge of social development. Furthermore, the burden of depression is located in 
areas where epidemics of infectious diseases such as TB and HIV are concentrated in South Africa, which high-
lights a major compounding challenge for the health care system of the country. The large TB and HIV epidemics 
that are currently affecting South Africa might have a direct or indirect impact on the mental health of its pop-
ulation, paving the way for the establishment of a major depression epidemic. Likewise, depression might affect 
HIV or TB treatment outcomes associated with poor adherence for treatment of these conditions. Understanding 
the potential association between infectious agents, such as HIV or TB, and the development of depression could 
provide means to improve both depression outcomes and prevention in South Africa. This strategy becomes 
particularly relevant in provinces such as KwaZulu-Natal, one of the area’s most severely affected by the HIV and 
TB epidemics, with large poor, traditional, rural communities, and where an emerging epidemic of depression, 
indicated by the clustering of new cases of depression, is concentrated.

Despite the strengths of our study, a number of limitations are worth noting. First, despite the fact that a 
well-developed method for scoring symptoms was used, this study relies on self-reported symptoms of depres-
sion and not on a formal diagnosis of a depressive disorder. Analysis of factors associated with the geograph-
ical clustering of depression was constrained by the availability of these factors in the surveys. For instance, 
factors such as migration, environmental characteristics, such as pollution or toxic factors, and stress, among 
other health-related variables, were not collected by the surveys, and were therefore not available for the analysis. 
Likewise, TB data were collected as self-reported status of the infection, and, with a self-reported measure such as 
TB, we anticipate some ascertainment error in TB status. However, such error would bias the result towards the 
null-hypothesis of no link to TB, and could not explain a spurious positive association between TB and the clus-
tering of depression. Moreover, HIV-related information, such HIV status, or behavioral data associated with the 

Bivariate Model Multivariate Model

OR CI P-value OR CI P-value

T.B. Positive Status 1.75 1.18–2.57 0.005 1.58 1.05–2.37 0.028

Household Income Quintile (Ref: 3rd)

   1st 1.11 0.90–1.36 0.334 0.78 0.63–0.98 0.029

   2nd 1.05 0.85–1.29 0.644 0.89 0.72–1.11 0.294

   4th 0.51 0.39–0.65 <0.001 0.68 0.52–0.89 0.006

   5th 0.33 0.25–0.47 <0.001 1.16 0.85–1.60 0.349

 Age (Ref: 15–19)

   20–24 0.72 0.57–0.91 0.005 0.86 0.67–1.10 0.234

   25–29 0.71 0.54–0.93 0.013 0.98 0.72–1.32 0.888

   30–34 0.50 0.38–0.65 <0.001 0.86 0.62–1.18 0.339

   35+ 0.46 0.39–0.55 <0.001 0.77 0.58–1.02 0.064

Education (Ref: Completed Primary School)

Completed High School 0.52 0.42–0.64 <0.001 0.51 0.39–0.67 <0.001

   Beyond High School 0.27 0.21–0.35 <0.001 0.42 0.31–0.58 <0.001

Female 1.04 0.89–1.19 0.641 1.02 0.87–1.20 0.759

Marital Status (Ref: Married)

Divorced/widow/separated 1.28 0.95–1.72 0.1 1.02 0.74–1.41 0.902

   Single 2.31 1.95–2.75 <0.001 1.45 1.15–1.83 0.002

Race (Ref: Black)

   Colored 0.02 0.01–0.06 <0.001 0.06 0.02–0.19 <0.001

   Asian/Indian 0.38 0.13–1.11 0.075 1.14 0.33–3.91 0.832

   White 0.03 0.01–0.12 <0.001 0.17 0.04–0.67 0.011

Employed 0.52 0.445–0.615 <0.001 1.07 0.88–1.29 0.481

Civic Engagement 0.59 0.49–0.69 <0.001 0.59 0.49–0.70 <0.001

Development (Ref: Tribal authority)

   Rural formal 0.22 0.17–0.28 <0.001 0.26 0.18–0.36 <0.001

   Urban formal 0.07 0.05–0.08 <0.001 0.10 0.08–0.13 <0.001

   Urban informal 0.50 0.38–0.67 <0.001 0.54 0.41–0.73 <0.001

Table 3. Unadjusted and adjusted results: Factors associated with clusters of new cases of depression.

https://doi.org/10.1038/s41598-018-37791-1


www.nature.com/scientificreports/

6Scientific RepoRts |           (2019) 9:979  | https://doi.org/10.1038/s41598-018-37791-1

risk of HIV infection, were not collected. Importantly, is not possible to infer associations at an individual level 
from the geographical overlap observed between depression and infectious diseases, such HIV and TB.

Additionally, the analyses conducted here did not identify a direct causal relationship between the spatial 
structure of depression and infectious diseases, such as TB. The link observed between depression and TB could 
have been modulated by external drivers exacerbating each disease outcome independently. Some factors that 
could have an impact on both conditions, and feed into causal pathways, including food security, malnutrition, 
over-crowding, access to healthcare and HIV, among others, were not included. Therefore, the interpretation of 
the potential direct link between the spatial clustering of depression and infectious diseases, such as TB, should 
be interpreted with caution. An in-depth exploration of the potential association between infectious diseases and 
depression, as well as other factors that could be driving the depression epidemic in South Africa, is warranted. 
Despite these limitations, this is the first study, to our knowledge, that investigates the spatial structure of depres-
sion at a national scale. Using a nationally representative dataset, we found that individuals reporting depressive 
symptoms are concentrated in geographical ‘hotspots’ in South Africa. Furthermore, we were able to identify 
hotspots of onset of depression, reflecting a changing landscape of future burden of disease.

The identification and geographical location of these ‘hotspots’ of depression should play a key role for ena-
bling well-informed policy decisions. It is clear from our results that provinces in South Africa face different epi-
demic intensities and onset of depression, and therefore need to plan and implement measures that are tailored to 
their circumstances to be most effective at reducing their burden of disease, especially complex interaction with 
social development needs. For example, we have already demonstrated elsewhere that a distance of >15 km from 
a primary healthcare facility significantly increases the onset of depression, these high distances being associated 
with such at risk communities34. We calculated that the density of primary healthcare clinics within the clusters of 
new cases of depression in the KwaZulu-Natal Province is considerably lower than the density of primary health-
care clinics outside these areas (0.47 clinics/100 km2 within the clusters compared to 0.82 clinics/100 km2 outside 
these areas; Fig. 2). Reduced access to primary healthcare clinics within the clusters of depression might play an 
important role in driving the burden of depression. This highlights the need for expanding primary healthcare 
services to appropriately integrate mental healthcare interventions in these geographical areas where the disease 
burden is increasing most rapidly. Failure to reduce inequalities in service provisioning, such as distance to near-
est clinic, greatly exacerbates inequalities in human wellbeing outcomes in such disadvantaged communities.

In summary, South Africa is not characterized by a single epidemic of depression, with marked heterogeneities 
in its distribution at fine scales within the country, potentially driven by several socio-economic and epidemiolog-
ical cofactors. Our findings highlight how, rather than having a national epidemic of depression in South Africa, 
there are spatially localized micro-epidemics. We characterized these micro-epidemics quantitatively, thus paving 
the way for a targeted approach towards prevention programming by focusing on areas of greatest relevance and 
need. This provides for optimizing resources and maximizing the impact of interventions, in terms of both care 
services to treat existing cases of depression, and interventions to prevent new cases of depression. This evidence 
may be critical in allocating resources and organizing healthcare services aimed at addressing the depression epi-
demic in South Africa, for example, addressing the inequality in access to primary healthcare facilities. Likewise, 
this information can assist with the development of effective tools required to promote mental health and main-
tain 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 interactions with other elements of public 
health burden, such as infectious or non-communicable diseases, especially those associated with food insecurity 
and diet. The high heterogeneity that we identified in the distribution of the health burden across the highly une-
qual socio-economic landscape of South Africa is likely to prevail in other developing countries, especially where 
health systems are challenged with expanding multiple disease burdens, compounded by environment challenges, 
such as poverty and food insecurity. Understanding geographical patterns below the country level is critical to 
informing effective and efficient health system interventions where resources are highly limited.

Methods
Data sources. We obtained the data from the South African National Income Dynamics Study (SA-NIDS), 
a longitudinal panel survey of a nationally representative sample of households35. Our study included SA-NIDS 
data from three waves; wave 1, conducted in 2008, wave 2 in 2010, and wave 3 in 2012. The survey method of the 
SA-NIDS is described in its published report36. As also described in our previous report37, the SA-NIDS employs 
a stratified, two-stage cluster sample design to obtain a nationally representative sample of South African house-
holds. In the first stage, 300 of 400 Primary Sampling Units (PSU) from Statistics South Africa’s Master Sample 
were randomly selected for inclusion. In stage two, two clusters of 12 dwelling units each were selected from each 
PSU (24 dwelling units per PSU). All consenting household members (adults and children) at the selected dwell-
ing units were included in SA-NIDS.

Questionnaires were available and administered in South Africa’s 11 official languages, the main measure of 
the study being depression symptomatology, which was obtained from the adult questionnaires from the three 
different waves. To obtain this data, we used the 10-item abridged version of the Center for Epidemiologic Studies 
Depression Scale (CES-D) to assess depression symptomatology38.

Using data from the three waves, we constructed two datasets: 1) consisted of 25,961 unique participants 
across the three waves who responded to the questionnaire for depression assessment, and 2) entailed construct-
ing an incidence cohort dataset using the three survey waves. The inclusion criterion for this second dataset was 
adult repeat-testers, defined as study participants with a minimum of two depression risk assessments between 
waves 1–3, but with no depressive symptoms at baseline (which could have been either wave 1 or 2, depending 
on when that individual was first sampled). With the purpose of constructing an incident cohort, while reducing 
the possibility of reverse causation, study participants with a positive screen for significant depressive symp-
toms upon first entry to SA-NIDS were excluded. The incident cohort consisted of 11,161 repeat-testers. After 
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data filtering, we conducted descriptive statistics to summarize the baseline socio-demographic, epidemiological 
and household factors of the incidence cohort dataset generated. Prevalence of significant depressive symptoms 
increased to 15.9% (1,656 individuals) in wave 2 and 20.8% (1,896 individuals) in wave 3. Further description of 
the data sources is included the Supplementary Material.

Ethical approval for the NIDS parent study was granted by the University of Cape Town, Commerce Faculty 
Ethics Committee, and consent was obtained from each study participant36. Our study obtained permission from 
the University of KwaZulu-Natal Biomedical Research Ethics Committee (BE 111/14) to conduct this current 
secondary data investigation.

Spatio-temporal clustering analysis of existing cases of depression. For this analysis, the first 
dataset constructed, which included all unique individuals across the three waves, was analyzed to identify 

Figure 2. Location of primary healthcare clinics in KwaZulu-Natal, and the location of spatial clusters of new 
cases of depression. Primary healthcare clinic locations were obtained from the Kwazulu-Natal Department of 
Health46. Note that, for the two clusters that extend outside of Kwazulu-Natal, only clinics within Kwazulu-Natal 
are depicted. Maps were created using ArcGIS® software by Esri version 10.3 (http://www.esri.com/), and Esri 
World Topographic basemaps (http://www.esri.com/data/basemaps)45.
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geographical clusters of depression cases that persisted during at least two different consecutive waves. Using this 
dataset, spatio-temporal clusters of cases of depression were identified using a spatial scan statistical analysis39, 
identified in the SaTScan software40,41. A further description of the spatio-temporal clustering analysis is included 
the Supplementary Material.

Spatial clustering analysis of new cases of depression. Using the second incidence cohort data-
set that was constructed, a purely spatial clustering analysis (as the temporal domain was already included in 
the cohort onset assessment) using SaTScan was conducted to identify geographical clusters of new cases of 
depression. Clusters with a P < 0.05 were identified as statistically significant and were examined for additional 
socio-economical and epidemiological description. A description of the temporal clustering analysis is included 
in Supplementary Material.

Spatio-temporal clustering analysis of existing cases of self-reported TB infection. To evaluate 
our hypothesis regarding the potential spatial association between the burden of depression and a major infec-
tious disease, we explored the spatial structure of self-reported TB infection in South Africa. Measures of TB 
burden were included in NIDS as self-reported cases of infection to the question: “have you ever been told by a 
doctor, nurse or health care professional that you have TB”. Similar to the methodology used for detecting the 
spatio-temporal clustering of existing cases of depression described above, the first dataset constructed, which 
included all unique individuals across the three waves, was analyzed to identify the spatio-temporal clustering 
of self-reported cases of TB using the same spatial scan statistical analysis to identify the geographical clusters of 
cases of TB that persisted during at least two different consecutive waves.

Continuous surface maps of the percentage of existing and new cases of depression and TB were gener-
ated using a standard kernel interpolation technique42. These measures were computed by means of a moving 
two-dimensional Gaussian kernel of a 30-km search radius. First, all participants were located to the exact house-
hold of residence, and the measurements (existing cases and new cases of depression, or TB) superimposed on a 
geographic representation of the study area consisting of a grid of 1 km × 1 km pixels. Next, the kernel moved sys-
tematically across the grid and calculated a Gaussian-weighted estimate of the different measures for the unique 
neighborhood around each and every pixel on the grid. Final maps were generated by over-imposing the location 
of the clusters identified for the different measures (existing cases of depression, new cases of depression, and TB) 
over their corresponding continuous surface maps.

Cluster description. We investigated the potential socio-economic, demographic and epidemiologic factors 
associated with the spatial clustering of new cases of depression that were detected from the purely spatial cluster-
ing analysis of the second dataset. Known factors that have been previously associated with depression included 
in the analysis were: self-reported TB status, gender, marital status, race/ethnicity, age, education attainment, 
employment status, household civil participation, household income and geographic typology of residence. Data 
on gender, marital status, education, age, race or ethnicity, and employment status were obtained from the adult 
questionnaires, and geographic typology of residence, household civil participation and household income data 
were obtained from the household questionnaires.

The association between these factors and the likelihood of belonging to a cluster of new cases of depression 
was assessed using a logistic regression model, in which the main outcome was being located within such a clus-
ter. As the SA-NIDS was designed as a complex survey, we adjusted the analysis using post-stratification weights 
for the three waves, which allowed our results to be better representative of the South African population. These 
post-stratification weights for the three waves were based on the age-sex-race distribution for the mid-year popu-
lation estimates in 2008, 2010 and 2012 using estimates obtained from Statistics South Africa, their construction 
being described in published report43.

ethical approval and informed consent. Our study obtained permission from the University of 
KwaZulu-Natal Biomedical Research Ethics Committee (BE 111/14) to conduct the study. Ethical approval for 
NIDS was granted by the University of Cape Town (UCT) Commerce Faculty Ethics Committee36. The NIDS 
data collectors administered a written informed consent process with all participants, and only proceeded with 
interviews once this process was complete and they were satisfied that the participant fully understood all aspects 
of the research. All methods were performed in accordance with the relevant guidelines and regulations.

Data Availability Statement
The source of data used in this research was from the South African National Income Dynamics Study (NIDS). 
NIDS data can be accessed via the NIDS website (http://www.nids.uct.ac.za/). However, for this particular study, 
certain secure data from NIDS were used (geographical coordinates of each household). These secure data can be 
accessed by applying to Datafirst (www.datafirst.uct.ac.za) at the University of Cape Town.

References
 1. Demyttenaere, K. et al. Prevalence, severity, and unmet need for treatment of mental disorders in the World Health Organization 

World Mental Health Surveys. Jama 291, 2581–2590 (2004).
 2. Health, W. H. O. D. o. M. & Abuse, S. Mental health atlas 2005. (World Health Organization, 2005).
 3. Whiteford, H. A. et al. Global burden of disease attributable to mental and substance use disorders: findings from the Global Burden 

of Disease Study 2010. The Lancet 382, 1575–1586 (2013).
 4. Murray, C. J. & Lopez, A. D. Evidence-based health policy–lessons from the Global Burden of Disease Study. Science 274, 740 (1996).
 5. Ferrari, A. J. et al. Burden of depressive disorders by country, sex, age, and year: findings from the global burden of disease study 

2010. PLoS medicine 10, e1001547 (2013).
 6. Herman, A. A. et al. The South AfricanStress and Health (SASH) study: 12-month and lifetime prevalence of common mental 

disorders. SAMJ: South African Medical Journal 99, 339–344 (2009).

https://doi.org/10.1038/s41598-018-37791-1
http://www.nids.uct.ac.za/
http://www.datafirst.uct.ac.za


www.nature.com/scientificreports/

9Scientific RepoRts |           (2019) 9:979  | https://doi.org/10.1038/s41598-018-37791-1

 7. Lund, C., Kleintjes, S., Kakuma, R., Flisher, A. J. & Consortium, M. R. P. Public sector mental health systems in South Africa: inter-
provincial comparisons and policy implications. Social psychiatry and psychiatric epidemiology 45, 393–404 (2010).

 8. Seedat, S. et al. Mental health service use among South Africans for mood, anxiety and substance use disorders. South African 
Medical Journal 99 (2009).

 9. Hall, R. A political economy of land reform in South Africa. Review of African Political Economy 31, 213–227 (2004).
 10. O’Laughlin, B., Bernstein, H., Cousins, B. & Peters, P. E. Introduction: Agrarian change, rural poverty and land reform in South 

Africa since 1994. Journal of Agrarian Change 13, 1–15 (2013).
 11. The World Bank. Overview: South Africa. http://www.worldbank.org/en/country/southafrica/overview (accessed September, 2017).
 12. Cuadros, D. F., Awad, S. F. & Abu-Raddad, L. J. Mapping HIV clustering: a strategy for identifying populations at high risk ofHIV 

infection in sub-Saharan Africa. International Journal of Health Geographics 12, 28, https://doi.org/10.1186/1476-072x-12-28 (2013).
 13. Word Health Organization. Global tuberculosis report 2017 (http://www.who.int/tb/publications/global_report/en/).
 14. Karim, S. S. A., Churchyard, G. J., Karim, Q. A. & Lawn, S. D. HIV infection and tuberculosis in South Africa: an urgent need to 

escalate the public health response. the Lancet 374, 921–933 (2009).
 15. Fichtenberg, C. M. & Ellen, J. M. Moving from core groups to risk spaces. Sexually transmitted diseases 30, 825–826 (2003).
 16. Doherty, A. M. et al. A review of the interplay between tuberculosis and mental health. General hospital psychiatry 35, 398–406 

(2013).
 17. Shen, T.-C. et al. People with tuberculosis are associated with a subsequent risk of depression. European journal of internal medicine 

25, 936–940 (2014).
 18. Dantzer, R., O’Connor, J. C., Freund, G. G., Johnson, R. W. & Kelley, K. W. From inflammation to sickness and depression: when the 

immune system subjugates the brain. Nature reviews neuroscience 9, 46 (2008).
 19. Tomita, A. & Burns, J. K. A multilevel analysis of association between neighborhood social capital and depression: Evidence from 

the first South African National Income Dynamics Study. Journal of affective disorders 144, 101–105 (2013).
 20. Ruiz-Grosso, P. et al. Spatial distribution of individuals with symptoms of depression in a periurban area in Lima: an example from 

Peru. Annals of epidemiology 26, 93–99. e92 (2016).
 21. Salinas-Pérez, J. A., García-Alonso, C. R., Molina-Parrilla, C., Jordà-Sampietro, E. & Salvador-Carulla, L. Identification and location 

of hot and cold spots of treated prevalence of depression in Catalonia (Spain). International journal of health geographics 11, 36 
(2012).

 22. Brown, J. S. Emerging applications of GeographicInformation Systems (GIS) in community and local mental health research. 
Journal of local and global health perspectives, 5 (2013).

 23. Rodero-Cosano, M. L. et al. A multi-level analysis of the relationship between spatial clusters of outpatient-treated depression, risk 
factors and mental health service planning in Catalonia (Spain). Journal of affective disorders 201, 42–49 (2016).

 24. Graif, C., Arcaya, M. C. & Roux, A. V. D. Moving to opportunity and mental health: Exploring the spatial context of neighborhood 
effects. Social Science & Medicine 162, 50–58 (2016).

 25. Tomita, A. et al. Green environment and incident depression in South Africa: a geospatial analysis and mental health implications 
in a resource-limited setting. The Lancet Planetary Health 1, e152–e162 (2017).

 26. Kasprowicz, V. O., Achkar, J. M. & Wilson, D. The tuberculosis and HIV epidemic in South Africa and the KwaZulu-Natal Research 
Institute for Tuberculosis and HIV. Journal of Infectious Diseases 204, S1099–S1101 (2011).

 27. Valente, S. M. Depression and HIV disease. Journal of the Association of Nurses in AIDS Care 14, 41–51 (2003).
 28. Evans, D. L. et al. Association of depression with viral load, CD8 T lymphocytes, and natural killer cells in women with HIV 

infection. American Journal of Psychiatry 159, 1752–1759 (2002).
 29. Myer, L. et al. Common mental disorders among HIV-infected individuals in South Africa: prevalence, predictors, and validation of 

brief psychiatric rating scales. AIDS patient care and STDs 22, 147–158 (2008).
 30. Sulehri, M. A. et al. Prevalence of depression among tuberculosis patients. APMC 4, 133–137 (2010).
 31. Breuer, E., Myer, L., Struthers, H. & Joska, J. A. HIV/AIDS and mental health research in sub-Saharan Africa: a systematic review. 

African Journal of AIDS Research 10, 101–122 (2011).
 32. Rovner, B. W. et al. Depression and mortality. Jama 265, 993–996 (1991).
 33. Dubé, B., Benton, T., Cruess, D. G. & Evans, D. L. Neuropsychiatric manifestations of HIV infection and AIDS. Journal of psychiatry 

& neuroscience: JPN 30, 237 (2005).
 34. Tomita, A. et al. Proximity to healthcare clinic and depression risk in South Africa: geospatial evidence from a nationally 

representative longitudinal study. Social Psychiatry and Psychiatric Epidemiology, 1–8 (2017).
 35. DIVA-GIS. http://www.diva-gis.org/gdata.
 36. Leibbrandt, M., Woolard, I. & de Villiers, L. Methodology: Report on NIDS wave 1. Technical paper 1 (2009).
 37. Tomita, A. & Ramlall, S. A Nationwide Panel Study on Religious Involvement and Depression in South Africa: Evidence from the 

South African National Income Dynamics Study. Journal of religion and health, 1–11 (2018).
 38. Radloff, L. S. The CES-D scale: A self-report depression scale for research in the general population. Applied psychological 

measurement 1, 385–401 (1977).
 39. Kulldorff, M. A spatial scan statistic. Communications in Statistics - Theory and Methods 26, 1481–1496, https://doi.

org/10.1080/03610929708831995 (1997).
 40. Kulldorff, M. SaTScanv9.0: software for the spatial and space-time statistics. National Cancer Institute. (2010).
 41. Kulldorff, M., Heffernan, R., Hartman, J., Assunção, R. & Mostashari, F. A Space–Time Permutation Scan Statistic for Disease 

Outbreak Detection. PLoS Med 2, e59, https://doi.org/10.1371/journal.pmed.0020059 (2005).
 42. Waller, L. A. & Gotway, C. A. Applied spatial statistics for public health data. Vol. 368 (John Wiley & Sons, 2004).
 43. Wittenberg, M. Weights: report on NIDS Wave 1. NIDS Technical Paper 2 (2009).
 44. ESRI. ArcGIS 9.x. Redlands, CA, USA: ESRI. (2004).
 45. Esri, DeLorme, HERE, TomTom, Intermap, increment P Corp., GEBCO, USGS, FAO, NPS, NRCAN, GeoBase, IGN, Kadaster NL, 

Ordnance Survey, Esri Japan, METI, Esri China (Hong Kong), swisstopo, MapmyIndia, and the GIS User Community (2004).
 46. Chimonyo, G., Mungure, S. & Scott, P. The social, economical, and environmental implications of diamond mining in Chiadzwa. 

Center for Research & Development. Open Sociey Initiative for Southern Africa. (2017).

Acknowledgements
This study forms part of the Sustainable and Healthy Food Systems (SHEFS) programme supported by the 
Wellcome Trust’s Our Planet, Our Health programme [grant number: 205200/Z/16/Z]. AT, AV and FT were 
supported by SA MRC Flagship grant (MRC-RFAUFSP-01-2013/UKZN HIVEPI). AT was also supported by 
National Institutes of Health Research Training Grant (R25TW009337), funded by the Fogarty International Center 
and the National Institute of Mental Health. The study was also supported by University of KwaZulu-Natal funding 
to RS. The content is solely the responsibility of the authors and does not necessarily represent the official views 
of the SA MRC, or the NIH. Waves 1–3 Data: Southern Africa Labour and Development Research Unit. National 
Income Dynamics Study. Cape Town: Southern Africa Labour and Development Research Unit [producer], 2015. 
Cape Town: DataFirst [distributor], 2015. We thank Lynn Woolfrey at DataFirst at the University of Cape Town.

https://doi.org/10.1038/s41598-018-37791-1
http://www.worldbank.org/en/country/southafrica/overview
https://doi.org/10.1186/1476-072x-12-28
http://www.who.int/tb/publications/global_report/en/
http://www.diva-gis.org/gdata
https://doi.org/10.1080/03610929708831995
https://doi.org/10.1080/03610929708831995
https://doi.org/10.1371/journal.pmed.0020059


www.nature.com/scientificreports/

1 0Scientific RepoRts |           (2019) 9:979  | https://doi.org/10.1038/s41598-018-37791-1

Author Contributions
D.F.C., A.T. and A.V. conceived the study and its design, conducted the statistical and spatial modeling analyses, 
and wrote the first draft of the paper. R.S., J.B. and F.T. contributed to study conception and design, conduct of the 
statistical modeling analyses, interpretation of the results, and writing of the manuscript.

Additional Information
Supplementary information accompanies this paper at https://doi.org/10.1038/s41598-018-37791-1.
Competing Interests: The authors declare no competing interests.
Publisher’s note: Springer Nature remains neutral with regard to jurisdictional claims in published maps and 
institutional affiliations.

Open Access This article is licensed under a Creative Commons Attribution 4.0 International 
License, which permits use, sharing, adaptation, distribution and reproduction in any medium or 

format, as long as you give appropriate credit to the original author(s) and the source, provide a link to the Cre-
ative Commons license, and indicate if changes were made. The images or other third party material in this 
article are included in the article’s Creative Commons license, unless indicated otherwise in a credit line to the 
material. If material is not included in the article’s Creative Commons license and your intended use is not per-
mitted by statutory regulation or exceeds the permitted use, you will need to obtain permission directly from the 
copyright holder. To view a copy of this license, visit http://creativecommons.org/licenses/by/4.0/.
 
© The Author(s) 2019

https://doi.org/10.1038/s41598-018-37791-1
https://doi.org/10.1038/s41598-018-37791-1
http://creativecommons.org/licenses/by/4.0/

	Spatial structure of depression in South Africa: A longitudinal panel survey of a nationally representative sample of house ...
	Results
	Spatio-temporal clustering analysis of existing cases of depression. 
	Spatial clustering analysis of new cases of depression. 
	Cluster description. 
	Spatio-temporal clustering analysis of existing cases of self-reported TB infection. 

	Discussion
	Methods
	Data sources. 
	Spatio-temporal clustering analysis of existing cases of depression. 
	Spatial clustering analysis of new cases of depression. 
	Spatio-temporal clustering analysis of existing cases of self-reported TB infection. 
	Cluster description. 
	Ethical approval and informed consent. 

	Acknowledgements
	Figure 1 In (A) Continuous surface map of the percentage of existing cases of depression and the location of spatio-temporal clusters of existing cases of depression (B) continuous surface map of the percentage of new cases of depression and the location 
	Figure 2 Location of primary healthcare clinics in KwaZulu-Natal, and the location of spatial clusters of new cases of depression.
	Table 1 Description of the spatio-temporal clusters of existing cases of depression and tuberculosis (TB) in South Africa.
	Table 2 Description of the geographical clusters of new cases of depression in South Africa.
	Table 3 Unadjusted and adjusted results: Factors associated with clusters of new cases of depression.




