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INDIVIDUAL DATA  

South African National HIV Prevalence, Incidence and Behaviour Survey  

The South African National HIV Prevalence, Incidence and Behaviour Survey (SABSSM) is a 

reoccurring, nationally representative survey. Data from the year 2012 were used. Households 

were sampled using a multistage sampling frame. The sample was stratified by province, locality 

type, and predominant race group. 1,000 enumeration areas as defined for the 2001 national 

population census were sampled. From each enumeration area a random sample of 15 

households was taken in each of which all adults were eligible to participate (response rates: 

85% at household and 90% at the individual level). Homeless and institutionalized persons were 

excluded from the sampling frame. Details on sampling frame and survey methods have been 

reported elsewhere.1 A total of 27,070 adults were interviewed by trained field workers. For a 

total of 923 observations at least one of the relevant variables were missing.  The vast majority of 

the missing values came from missing information on alcohol use (N=729, 2.7% of total 

sample). For all other relevant variables missing values were below 1% of the sample.   

Asset variables in SABSSM 2012. Asset variables were used to calculate an asset score as 

measure of socioeconomic status (SES). Assets were assessed for each household including eight 

dichotomous variables (owning a TV, landline telephone, cell phone, washing machine, radio, 

refrigerator, personal computer/laptop, and having electricity) and the following four categorical 

variables: 

 Water access, categorized into ‘piped or bottled water in the welling’, ‘piped water in the 

yard/at a neighbour’s house’, ‘water carrier/tank’, ‘public tab/rain water/borehole/well’, and 

‘dam/river/stream’ 

 Cooking fuel categorized into ‘electricity/gas’, ‘coal/paraffin’, ‘wood’, and ‘animal dung’ 

 Type of toilet, categorized into ‘own flush toilet’, ‘bucket latrine/shared flush toilet’, ‘pit 

latrine with ventilation’, ‘pit latrine without ventilation’, and ‘no toilet/bush/field’ 

 Financial situation, categorized into ‘money for extra things such as holidays and luxury 

goods’, ‘money for most of the important things, but few luxury goods’, ‘money for food and 
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cloths, but short on many other things’, and ‘not enough money for basic things like food and 

clothes’ 

Variables that were excluded during the variable selection process are underlined. The final 

multiple correspondence analysis (MCA) included eleven asset variables and the first dimension 

explained 63% of the total variance. 

Associations between SES and race.  Racial groups were distributed very unequally over the 

two socioeconomic groups: Overall 77.6% of the sample was “black African”, 62.7% of which 

was in the low SES group. Of the 10.2% “white” population 98.6% was in the high SES group. 

Similarly, with 98.6% the majority of the 2.8% “Indian/Asian” population and 86.1% of the 

“coloured” population were in the high SES group. Table 1 shows the distribution of the race 

groups by SES and overall. The vast majority (97.0%) of the low SES group was made up of the 

“black African” population.  

Table 1 The proportion of race groups within levels of socioeconomic status and overall 

 Low SES High SES Overall 

Racea % N % N % N 

Black African 97.0% 9256 58.1% 6,135 77.6% 15,391 

White 0.3% 46 20.2% 2,853 10.2% 2,899 

Coloured 2.6% 835 16.1% 4,146 9.3% 4,981 

Indian/Asian 0.1% 68 5.5% 3,400 2.8% 3,468 

Other 0.1% 26 0.1% 21 0.1% 47 

Total 100% 10231 100% 16,555 100% 26,786 

SES socioeconomic status 
a The terms “white", "black African" and "coloured” originate from the apartheid era, and are commonly 

used in South Africa. In the context of this study the terms were used as demographic markers and do 
not signify inherent characteristics. “White” refers to people of European descent, “black African” 
refers to people of African descent and “coloured” refers to people of mixed (African, European and/or 
Asian) ancestry.  

The Demographic Surveillance Area  

Individual data on HIV/AIDS mortality came from an open cohort study based out of the 

Demographic Surveillance Area (DSA, about 435 km2) in the province of KwaZulu-Natal, 
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Umkhanyakude district. The DSA was established by the Africa Centre for Health and 

Population Studies in the year of 2000 to assess demographic and health information on all 

persons in the roughly 11,000 households of the area. Although the DSA is located in a 

predominantly rural area, it also comprises peri-urban informal settlements and a township. The 

present study used data from the years 2000 to 2014 on 87,029 adults with socioeconomic 

information, contributing a total of 1,900,451 observations, 757,404 person years, and 5,212 

HIV/AIDS/Tuberculosis deaths. The average follow-up time was 8.7 years.  

Each household was visited two to three times per year. Trained field workers assessed 

household demographic and socioeconomic information in face-to-face interviews. Asset 

information included categorical as well as dichotomous variables (asset variables are listed 

below). A trained nurse conducted a standardized and validated verbal autopsy interview with 

the next of kin whenever a death was reported in a household.2 3 The cause of death was assigned 

using a Bayesian InterVA probabilistic approach.4 Details about the study methodology are 

described elsewhere.5 6  

Asset variables in the DSA. For each household 28 dichotomous variables were available 

including electricity access of the household and ownership of the following assets: Bed net, bed, 

bicycle, block maker, car, car battery, cattle, electric cooker with oven, electric hotplate, electric 

kettle, fridge, gas cooker, hoe/spade/fork, kombi/lorry/tractor, kitchen sink, motorcycle, other 

life stock, primus cooker, radio, sofa, sewing machine, table and chairs, landline telephone, cell 

phone, TV, videorecorder, and wheelbarrow.  

Additionally the following three categorical variables were available:  

 Water access of the household, categorized into ‘piped water in the dwelling’, ‘piped water in 

the yard, water carrier or water tanker’, ‘piped public tab/kiosk’, ‘protected 

spring/rainwater/borehole/well/ flowing river or stream/stagnant water or dam’ 

 The type of toilet available to the household, categorized into ‘flush toilet’, ‘pit 

latrine/chemical toilet/ bucket toilet’, and ‘none’ 

 The kind of cooking fuel available to the household, categorized into ‘electricity from the 

grid or solar energy’, ‘electricity from a generator/gas/coal’, and ‘paraffin/wood’ 
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Variables that were excluded during the variable selection process are underlined. The final 

MCA included 25 asset variables. The first dimension explained 57% of the total variation. The 

proportion of adults for which asset information were completely missing was below 1%. 

Mapping asset scores 

As described above, the DSA comprised a predominantly rural area in the province KwaZulu-

Natal with some peri-urban informal settlements and a township. Thereby, the asset score was 

not reflective of the national distribution of assets but over-represented the lower end of the 

spectrum.  

The asset score of the DSA was mapped onto the national asset score in the following way: The 

continuous asset score resulting from the MCA in the nationally representative SABSSM data 

was restricted to rural and peri-urban areas of KwaZulu-Natal and the percentile in the 

distribution of the restricted data that represented the median of the national distribution was 

identified and used for splitting the asset distribution of the DSA (Figure 1). The mapped asset 

score was used to recalculate the hazard ratio (HR) of dying from HIV/AIDS.   

 

Figure 1 Mapping the asset distribution of the rural and peri-urban population of KwaZulu-

Natal, South Africa, onto the median asset score at the national level (shown as vertical line, 

general adult [15+] population, 2012). 
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RELATIVE RISK OF DYING FROM HIV  

Systematic literature review 

A recent systematic literature review and meta-analysis identified all South African studies 

reporting on the relative risk (RR) of dying from HIV/AIDS by SES.7 Two of the included 

studies had used an asset score to measure SES. In order to use a consistent operationalization of 

SES (i.e. two equal halves of the SES distribution as measured through an asset score), the 

reported RRs had to be recalculated. In one case the authors of one of the identified study 

(Houle, et al. 8) were contacted in order to obtain the recalculated RR. The asset score in the 

study by Houle et al. was based on a 34-item asset status survey covering information on living 

conditions (e.g. access to water and electricity) and asset ownership on the household level.8 The 

other RR of dying from HIV/AIDS identified in the meta-analysis came from the DSA data.9 10 

However, since the respective HR did not refer to the operationalization of SES that was used in 

the present study, the respective HR was recalculated using the original data. 

Survival analysis 

SES at baseline was calculated over the asset score based on MCA, using the earliest observation 

with asset information. The sample included 86,970 participants and 5,207 HIV/AIDS deaths. 

The Kaplan-Meier survival plot is shown in Figure 2.  
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Figure 2 Kaplan-Meier survival curves showing the probability of survival and persons at risk 

based on median split asset score. General adult (15+) population of the Demographic 

Surveillance Area in the Umkhanyakude District, KwaZulu-Natal, South Africa, years 2000 to 

2014. 

A Cox proportional hazard model was fitted using the calculated SES as main predictor and 

adjusting for age and sex (for an example see Welaga, et al. 9). The proportional hazards 

assumption was examined using Log(-Log) plots and by plotting the HR over time. Using the 

median split asset score as measure of SES led to a HR of 1.60 (95% confidence interval (CI) 

1.51-1.70, df=4, p<0.001) for dying from HIV/AIDS for persons of low SES compared to 

persons of high SES.  

The Cox proportional hazard model was repeated using the mapped asset score. The resulting 

HR of dying from HIV/AIDS was 3.30 (95% CI 2.82-3.87, df=4, p<0.001) for persons of low 

SES compared to persons of high SES. The HR based on the mapped asset score was used in 

sensitivity analysis I. The Kaplan-Meier survival curve for the mapped asset score is shown in 

Figure 3. Survival analyses were performed in R version 3.3.0.11 
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Figure 3 Kaplan-Meier survival curves showing probability of survival and persons at risk 

based on the mapped asset score using a split at the 85th percentile. General adult (15+) 

population of the Demographic Surveillance Area in the Umkhanyakude District, KwaZulu-

Natal, South Africa, years 2000 to 2014. 

Meta-analysis of relative risks 

The HR from the DSA data base on the median split asset score was pooled with the recalculated 

RR obtained from Houle, et al. 8 (1.65, 95% CI 1.52-1.78) using a random effects meta-analysis. 

This resulted in an RR of 1.62 (95% CI 1.54-1.96), indicating an 1.62-fold risk of dying from 

HIV/AIDS for persons of low compared to high SES, measured through a median split asset 

score. The forest plot of the recalculated meta-analysis is shown in Figure 4. The meta-analysis 

was calculated using Stata 13.12  
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Figure 4 Forest plot of the recalculated meta-analysis on the relative risk (RR) of dying from 

HIV/AIDS comparing high to low socioeconomic status (SES) in South Africa. 

RISK RELATIONSHIPS: RELATING ALCOHOL USE TO HIV UNDER 
CONSIDERRATION OF SOCIOECONOMIC STATUS 

Formula 1 was used to calculate alcohol-attributable fractions (AAF): 

(Formula 1) 

𝐴𝐴𝐹 =  
𝑃𝑎𝑏𝑠 + ∫ 𝑃(𝑥)𝑅𝑅𝑐𝑢𝑟𝑟𝑒𝑛𝑡(𝑥)𝑑𝑥 +
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60

0
+ ∫ 𝑃(𝑥)𝑅𝑅𝑐𝑢𝑟𝑟𝑒𝑛𝑡(𝑥)𝑑𝑥

150

61

 

Where Pabs is the prevalence of current abstainers in the subgroup, x is the mean per capita 

alcohol consumption of x grams per day, P(x) is the prevalence of current drinkers with a 

consumption of x in the subgroup, RRcurrent(x) is the subgroup-specific RR at a consumption of x 

as compared to current abstainers. The shown threshold of 61 grams applied to men (see below). 

The odds ratio (OR) relating alcohol use to HIV infection risk was calculated from the effect size 

d=0.24 (95% CI 0.15-0.32) reported by Scott-Sheldon and colleagues13 comparing unprotected 

sex intentions between sober controls and participants with an average blood alcohol 

concentration above 0.07% based on 28 studies. Formula 2 was used (Borentstein, et al. 14) to 

transform the effect size into an OR: 

(Formula 2) 
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𝐿𝑜𝑔𝑂𝑑𝑑𝑠𝑅𝑎𝑡𝑖𝑜 = 𝑑 ∗ 𝜋 √3⁄  

 

The resulting OR was 1.54 (95% CI 1.31-1.78). The risk threshold of 49 grams and 61 grams of 

pure alcohol was calculated from the blood alcohol concentration of 0.07 g/dl that the effect size 

reported by Scott-Sheldon and colleagues referred to. The blood alcohol concentration was 

translated to grams of alcohol using sex-specific standard tables from the National Institute on 

Alcohol Abuse and Alcoholism. Details on the calculation as well as its underlying assumptions 

and applicability are described elsewhere.15  

Interactive effects between current alcohol use (any amount) and SES on the risk of testing HIV 

positive were taken into account.16 These effects have been shown in three nationally 

representative cross-sectional surveys including SABSSM 2012 which was used in the present 

study. Accordingly, the interaction term (OR) from the corresponding data set and year was used 

and applied. Table 2 shows the resulting RRs for persons of high and low SES depending on 

their alcohol use. Sensitivity analysis II was performed applying the interaction term exclusively 

above the threshold of average grams of pure alcohol per day as derived from Scott-Sheldon et 

al.  

Table 2 Overview on the relative risks associated with alcohol use by socioeconomic status 

and drinking state 

Socioeconomic status 
Current 

abstainer 
RR 

Current drinker below 
thresholda 

RR (variance) 

Current drinker above 
thresholda 

RR (variance) 

High socioeconomic 
status 

1 1 1.54 (0.006) 

Low socioeconomic status 1 1.94 (0.168) 2.99b (0.174) 

RR relative risk 
a Threshold of 61 (men) and 49 (women) grams of pure alcohol per day 
b Calculated as the product of the RR for alcohol use reported by Scott-Sheldon et al.13 and the 

interaction term reported by Probst et al.16 
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ESTIMATING “TRUE”  ALCOHOL CONSUMPTION: TRIANGULATION 

To correct for underreporting of alcohol use, a triangulation technique was used to estimate the 

“true” subgroup-specific distribution of alcohol use among current drinkers.17 18 The continuous 

distribution of mean grams per day has been shown to be well described by the Gamma 

distribution, irrespective of the country. The almost perfect correlation between mean and 

standard deviation allows for a relatively precise estimation of the distribution when the average 

level of drinking in the population of interest is known. The assumptions underlying the 

triangulation technique were tested by investigating fit of the gamma distribution of the observed 

data in each subgroup and by investigating the linear relationship between the mean and the 

standard deviation of the observed gamma distribution across age and SES groups stratified by 

sex. Taking into account that part of the alcohol that was sold and registered in official statistics 

was possibly spilled, stored or not consumed for other reasons,18 conservative 80% of the total 

litres of pure alcohol per capita were used to correct for underestimation of population level 

alcohol exposure based on individual data. Litres of pure alcohol per capita per year were 

converted to grams of pure alcohol per day assuming a specific weight of 789 grams per litre. 

Then the “true” consumption in each subgroup was estimated using the prevalence of current 

drinkers (any alcohol use in the past 12 months) and the mean grams among current drinkers in 

each subgroup from the individual data. 

SENSITIVITY ANALYSES  

Sensitivity analysis I 

Results of the sensitivity analysis I using the HR of the mapped asset score to split the total HIV 

deaths by SES are shown in Table 3. Age-standardized mortality rates for HIV/AIDS-mortality 

attributable to alcohol are shown in Figure 5. Among women of high SES the respective 

mortality rates decreased to 6.6 (95% uncertainty interval (UI) 3.3-10.0) while for women of low 

SES they increased to 93.9 (95% UI 38.6-180.7) per 100,000 compared to the main analysis. The 

age-standardized mortality rates for HIV/AIDS-mortality attributable to alcohol among men of 

high SES decreased to 19.2 (95% UI 13.2-26.2) while for men of low SES they increased to 

290.4 (95% UI 136.6-446.0) per 100,000. Thereby the age-standardized mortality rate ratio 
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comparing the risk of alcohol-attributable HIV/AIDS mortality in low to that in high SES 

increased to 14.3 (95% UI 5.6-37.9) among women and to 15.1 (95% UI 6.8-27.7) among men.  

Sensitivity analysis II  

Results of the sensitivity analysis II applying the interaction term between SES and alcohol use 

only above the threshold of elevated risk corresponding to Scott Sheldon et al.13 are shown in 

Table 4. Age-standardized mortality rates for HIV/AIDS-mortality attributable to alcohol are 

shown in Figure 5. Among women of high SES the age-standardized mortality rates for 

HIV/AIDS-mortality attributable to alcohol use remained the same as in the main analysis with 

10.8 (95% UI 5.5-16.1) per 100,000. Among women of low SES they decreased by over 50% to 

28.5 (95% UI 9.5-63.5) per 100,000. The age-standardized mortality rate ratio comparing the risk 

of alcohol-attributable HIV/AIDS mortality in low to that in high SES decreased to 2.7 (95% UI 

0.8-7.6) among women and 4.0 (95% UI 1.4-8.3) among men. 

  

Figure 5 Age-standardized mortality rates (and 95% uncertainty intervals) of HIV/AIDS deaths 

attributable to alcohol use by socioeconomic status (SES) and sex in the South African adult 

(15+) general population based on sensitivity analysis I (left) and sensitivity analysis II (right). 
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Table 3 Sensitivity analysis I: HIV/AIDS deaths, alcohol-attributable fractions in %, HIV/AIDS deaths attributable to alcohol 

and mortality rates (per 100,000) of HIV/AIDS deaths attributable to alcohol by sex, socioeconomic status, and age group in 

South Africa in 2012 

Sex SES 

Age 

group 

(years) 

Total adult 

population Total HIV/AIDS deaths 

Alcohol-

attributable 

fraction (%) 

HIV/AIDS deaths 

attributable to alcohol 

Mortality rate of HIV/AIDS 

deaths attributable to 

alcohol per 100,000 

    PE 95% UI PE 95% UI PE 95% UI PE 95% UI 

Males High SES 15-34 4,475,846 5,756 5,076 6,493 8.8 5.3 12.6 506 300 740 11.3 6.7 16.5 

  

35-54 3,059,895 16,641 14,801 18,599 7.1 4.2 10.4 1,189 692 1,765 38.9 22.6 57.7 

  

55+ 1,325,354 877 782 979 7 4.1 10.3 62 36 92 4.7 2.7 6.9 

 

Low SES 15-34 5,115,000 21,624 20,887 22,304 31.6 9.1 55.3 6,831 1959 11,976 133.5 38.3 234.1 

  

35-54 2,550,831 45,600 43,642 47,440 35.4 10.7 59.2 16,135 4879 27,062 632.5 191.3 1,060.9 

  

55+ 1,036,844 2,256 2,155 2,351 34.6 11 58.1 780 247 1,312 75.2 23.8 126.5 

Females High SES 15-34 4,259,681 8,825 7,769 9,972 3.3 1.1 5.6 296 99 504 6.9 2.3 11.8 
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Sex SES 

Age 

group 

(years) 

Total adult 

population Total HIV/AIDS deaths 

Alcohol-

attributable 

fraction (%) 

HIV/AIDS deaths 

attributable to alcohol 

Mortality rate of HIV/AIDS 

deaths attributable to 

alcohol per 100,000 

    PE 95% UI PE 95% UI PE 95% UI PE 95% UI 

  

35-54 3,305,373 12,430 11,042 13,909 2.6 0.7 4.6 321 89 583 9.7 2.7 17.6 

  

55+ 1,830,590 634 563 709 2.8 0.9 4.8 18 6 31 1.0 0.3 1.7 

 

Low SES 15-34 5,213,940 35,505 34,357 36,561 11.7 2.2 27.3 4,169 768 9,687 80.0 14.7 185.8 

  

35-54 2,869,320 35,467 33,987 36,854 13.4 2.2 30.7 4,740 788 10,907 165.2 27.5 380.1 

  

55+ 1,594,161 1,814 1,739 1,885 11.1 2.4 25.4 201 44 461 12.6 2.7 28.9 

SES Socioeconomic status; UI uncertainty interval from Monte Carlo simulation; PE point estimate
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Table 4 Sensitivity analysis II: HIV/AIDS deaths, alcohol-attributable fractions in %, HIV/AIDS deaths attributable to alcohol and 

mortality rates (per 100,000) of HIV/AIDS deaths attributable to alcohol by sex, socioeconomic status, and age group in South 

Africa in 2012 

Sex SES 

Age 

group 

(years) 

Total adult 

population Total HIV/AIDS deaths 

Alcohol-

attributable 

fraction (%) 

HIV/AIDS deaths 

attributable to alcohol 

Mortality rate of HIV/AIDS 

deaths attributable to 

alcohol per 100,000 

    PE 95% UI PE 95% UI PE 95% UI PE 95% UI 

Males High SES 15-34 4,475,846 9,618 9,325 9,912 8.8 5.3 12.6 846 508 1,210 18.9 11.4 27.0 

  35-54 3,059,895 26,517 25,799 27,232 7.1 4.2 10.4 1,895 1,115 2,768 61.9 36.4 90.5 

  55+ 1,325,354 1,384 1,347 1,420 7.0 4.1 10.3 97 57 142 7.3 4.3 10.7 

 Low SES 15-34 5,115,000 17,763 17,468 18,056 16.2 2.9 36.2 2,870 517 6,430 56.1 10.1 125.7 

  35-54 2,550,831 35,724 35,009 36,442 19.3 3.6 41.0 6,882 1,289 14,658 269.8 50.5 574.6 

  55+ 1,036,844 1,749 1,713 1,786 19.7 3.8 41.6 344 66 730 33.2 6.3 70.4 

Females High SES 15-34 4,259,681 14,885 14,421 15,352 3.3 1.1 5.6 499 168 840 11.7 3.9 19.7 
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Sex SES 

Age 

group 

(years) 

Total adult 

population Total HIV/AIDS deaths 

Alcohol-

attributable 

fraction (%) 

HIV/AIDS deaths 

attributable to alcohol 

Mortality rate of HIV/AIDS 

deaths attributable to 

alcohol per 100,000 

    PE 95% UI PE 95% UI PE 95% UI PE 95% UI 

  35-54 3,305,373 19,933 19,385 20,480 2.6 0.7 4.6 515 144 926 15.6 4.4 28.0 

  55+ 1,830,590 1,017 989 1,045 2.8 0.9 4.8 29 9 49 1.6 0.5 2.7 

 Low SES 15-34 5,213,940 29,444 28,978 29,909 4.6 0.6 13.0 1,359 177 3,814 26.1 3.4 73.1 

  35-54 2,869,320 27,963 27,416 28,512 4.9 0.6 13.7 1,359 163 3,840 47.3 5.7 133.8 

  55+ 1,594,161 1,431 1,403 1,459 5.1 0.7 14.0 73 10 200 4.6 0.7 12.5 

PE point estimate; SES Socioeconomic status; UI uncertainty interval from Monte Carlo simulation
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