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Association of alcohol use 
and multimorbidity among adults 
aged 40 years and above in rural 
South Africa
Mafuno G. Mpinganjira 1, Tobias Chirwa 2, Chodziwadziwa. W. Kabudula 3, 
Francesc Xavier Gómez‑Olivé 3, Stephen Tollman 3 & Joel Msafiri Francis 1*

We assessed the prevalence of reported alcohol use and its association with multimorbidity among 
adults aged 40 years and above in a rural, transitioning South African setting. Findings could 
potentially inform alcohol interventions integration in the prevention and treatment of chronic 
conditions. We analysed data from the first wave of The Health and Ageing in Africa—a longitudinal 
Study in an INDEPTH community (HAALSI) nested within the Agincourt Health and Demographic 
Surveillance Systems, conducted between November 2014 and November 2015 (n = 5059). We 
computed descriptive statistics and performed univariate analysis to determine factors independently 
associated with multimorbidity. Age, Body Mass Index, education, sex, and household wealth status 
and variables with a p-value < 0.20 in univariate analysis were included in multivariable Modified 
Poisson regression models. Any factors with a p-value of < 0.05 in the final models were considered 
statistically significant. The first wave of HAALSI was completed by 5059 participants aged 40 years 
and above and included 2714 (53.6%) females. The prevalence of reported ever alcohol use was 44.6% 
(n = 2253) and of these 51.9% (n = 1171) reported alcohol use in the last 30 days. The prevalence of 
HIV multimorbidity was 59.6% (3014/5059) and for multimorbidity without HIV 52.5% (2657/5059). 
Alcohol use was associated with HIV multimorbidity among all participants (RR: 1.05, 95% CI: 1.02–
1.08), and separately for males (RR: 1.05, 95% CI: 1.00–1.10) and females (RR: 1.06, 95%CI: 1.02–
1.11). Similarly, alcohol use was associated with multimorbidity without HIV among all participants 
(RR: 1.05, 95% CI: 1.02–1.09), and separately for males (RR: 1.06, 95% CI: 1.00–1.12) and females (RR: 
1.06, 95% CI: 1.01–1.11). Reported alcohol use was common and associated with HIV multimorbidity 
and multimorbidity without HIV among older adults in rural northeast South Africa. There is a need to 
integrate Screening, Brief Interventions, and Referral for alcohol Treatment in the existing prevention 
and treatment of multimorbidity in South Africa.
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Harmful alcohol use is a significant public health problem globally1,2. Excessive alcohol use (defined as the act 
of binge drinking that includes ≥ 4 drinks at once for women and ≥ 5 drinks at once for men)3 has direct impact 
on health-related Sustainable Development Goal 3 (SDG 3) through infectious diseases (for example HIV2,4,5, 
TB, and viral hepatitis), Non Communicable Diseases (NCDs), and mental health. In 2016, approximately 49% 
of alcohol attributable Disability-adjusted life years (DALYs) were due to NCDs and mental health conditions. 
Moreover excessive alcohol use resulted in 1.7 million deaths from NCDs, while 12.9% deaths attributable to 
alcohol consumption were due to infectious diseases2.

Excessive alcohol use is increasing in Sub-Saharan Africa (SSA), resulting in substantial cognitive, behav-
ioural, and physiological symptoms. Previous studies indicate that approximately 20% of all individuals attending 
healthcare facilities had alcohol use disorder (AUD)6–8. Despite the magnitude of this impact, Mushi et al.9 found 
that only less than 1% of those with AUD were diagnosed and received appropriate treatment. Furthermore, 
a report by the World Health Organisation (WHO) showed that strategies to prevent excessive alcohol use 
and further interventions were scarce in SSA2 as such there is no integration of alcohol use interventions like 
Screening, Brief Intervention and Referral for Treatment (SBIRT) in either primary health care (PHC) or in the 
management of multimorbidity9,10.

Multimorbidity is an escalating public health problem that poses significant impact on quality of life and 
resulting in increased health threats and financial burden to health systems and populations11–13. Alcohol use 
is one of the four major risk factors for multimorbidity11,13,14. The main clinical complications associated with 
excessive alcohol use include HIV, hypertension, diabetes, mental health, and liver fibrosis and cirrhosis15–24. 
This occurs mainly due to the toxic biochemical effects of alcohol that may increase the risk of organ damage, 
compromise treatment effectiveness, or even the safety of prescribed medications due to chemical interactions25.

Both excessive alcohol use and multimorbidity are recognised as significant problems in SSA2 but their 
association has not been properly studied as well as their impact in rural African settings. This paper reports 
on the prevalence and association between reported alcohol use and multimorbidity (with and without HIV) 
among older adults aged ≥ 40 years in a rural South African setting. The study findings could potentially inform 
targeted alcohol reduction interventions amongst those most at risk, integration in multimorbidity prevention 
and treatment at PHC and community levels.

Methods
Study design, setting, and sample.  The study used data from the baseline wave of the Health and Age-
ing in Africa—a longitudinal Study in an INDEPTH community (HAALSI)26. In brief, HAALSI is a longitu-
dinal cohort study which recruited individuals aged ≥ 40 years who are enrolled in the Agincourt Health and 
Demographic Surveillance Systems (HDSS) and resident in the Bushbuckridge subdistrict of rural Mpumalanga, 
northeast South Africa. HAALSI aims to describe biological, social and economic determinants and conse-
quences of health and ageing in rural South Africa26.The Agincourt HDSS, which is hosted by the South African 
Medical Research Council/Wits University Rural Public Health and Health Transitions Research Unit, has since 
1992 collected longitudinal population-level data on vital demographic events (births, deaths, in-migration, and 
out-migrations) and other key health, social and economic indicators in the Agincourt study site26. Out of a 
total number of 12,875 eligible individuals from the Agincourt HDSS population, 6281 were randomly selected 
to participate in the HAALSI study, and 5059 (80.5%) completed the baseline wave. Data from all 5059 enrolled 
participants were analysed in our study.

Study visits.  Collection of data for the baseline wave of the HAALSI study took place between Novem-
ber 2014 and November 2015. Trained fieldworkers visited participants in their homes and collected data on 
sociodemographic variables and self- reported health status and risk factors using Computer-Assisted Personal 
Interviews (CAPI) and performed clinical assessments including blood pressure and point-of-care biomarkers. 
Dried blood spots were also collected for assessment of HIV serostatus and viral load. The survey instruments 
were translated from English into xi-Tsonga, the local language, and responses were back translated into English 
to ensure reliability. Translation was performed by experienced members of the unit staff with further minor 
modifications by the fieldworkers who conducted the interviews to ensure the language used was in keeping 
with the vernacular26.
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Study variables.  Sociodemographic variables.  Sociodemographic variables were self- reported and in-
cluded age, marital status, employment status, educational attainment, marital status, number of individuals 
living in household, and Principal Component Analysis(PCA) was used to create a wealth index from household 
characteristics and asset ownership27).

Chronic illnesses and measurements.  Body Mass Index (BMI) was calculated from objective measures of weight 
(in kg) divided by square height (in meters) and WHO BMI categories were used28.

A total of 8 chronic illnesses were included in our study and defined by both objective measures29 and 
self-report. Presumptive diagnosis of hypertension, diabetes, and dyslipidaemia was through the existing self-
report of the diagnosis of the conditions. Additionally, objective measures were used to verify this: hyperten-
sion—mean systolic blood pressure ≥ 140 mmHg or mean diastolic blood pressure ≥ 90 mmHg—was calcu-
lated from the second and third of three consecutive measurements during the home visit30 for those not on 
hypertension treatment. Those on hypertension treatment were classified as hypertensives regardless of the 
blood pressure measurement results at a home visit; diabetes mellitus—fasting glucose ≥ 7 mmol/L or random 
glucose ≥ 11.1 mmol/L on point-of-care testing during the home visit (CareSens N monitor; i-SENS, Seoul, 
South Korea)31 and dyslipidaemia—total cholesterol > 6.21 mmol/L, high-density lipoprotein < 1.19 mmol/L, 
low-density lipoprotein > 4.1 mmol/L or triglycerides > 2.25 mmol/L on point-of-care testing (CardioChek PA; 
PTS Diagnostics, Whitestown, Indiana, USA)29. Anaemia was defined as haemoglobin < 12 g/dL in women 
and < 13 g/dL in men on point-of-care testing (Hemocue Hb201 + analyser; Haemocue, Sweden)32. Individu-
als were considered HIV positive if dried blood spots were positive on screening (Vironostika Uniform 11; 
Biomeriuex, France) and subsequent confirmatory tests (Roche Elecsys; Roche, USA). Dried blood spots from 
individuals who tested positive for HIV were then tested for HIV-1 RNA (BioMérieux NucliSens; lower limit of 
detection 100 copies/mL). Angina was defined using the Rose criteria33 and chronic bronchitis was defined as a 
self-reported daily cough, productive of phlegm, for at least 3 months per year for at least 2 successive years34. 
Participants were classified as having depression if they identified three or more symptoms on the Centre for 
Epidemiological Studies-Depression (CES-D) Scale35, while post-traumatic stress disorder was defined as a 
score ≥ 4 on the Breslau Scale36.

Multimorbidity with HIV and multimorbidity without HIV.  About a third of the participants in this study were 
living with HIV, as such in this study and the previous studies from the same cohort have classified multimor-
bidity into HIV multimorbidity and multimorbidity without HIV37. participants were considered to have HIV 
multimorbidity if they had two or more of these chronic illnesses including HIV29,38,39.We further classified 
the subset of individuals who presented more than one of the listed conditions but did not have HIV as one of 
their chronic conditions, as having multimorbidity without HIV. The chronic illnesses included were selected 
to ensure comparability with Health and Retirement Survey sister studies as well as to obtain further data on 
conditions which are prevalent in the Agincourt HDSS study area26.

Statistical analysis.  Data management pre-processing and analysis was conducted using STATA v17.0 
(StataCorp, USA). The continuous variables (age and BMI) were categorised. The BMI was categorised accord-
ing to WHO classification28, and all analyses were stratified by sex. Descriptive statistics were computed and 
reported as frequencies and proportions—this was done for sociodemographic factors, alcohol use patterns, 
and the prevalence of chronic conditions (both multimorbidity with HIV and multimorbidity without HIV pat-
terns). The Chi2 test was used to assess the strength of the association between individual sociodemographic and 
household factors and multimorbidity. Age, Body Mass Index, Wealth asset index and Educational attainment 
were considered as a priori confounders (for male and female models) and sex40 (for all participants model)41 
and, therefore, added in the multivariable modified Poisson regression models regardless of the univariate p-val-
ues. All other variables were entered in the multivariable models if they had a p-value < 0.20 from the univari-
ate analyses (Supplementary Tables 1–6). Furthermore, we have reported the Direct Acyclic Graph (DAG) on 
causal associations of alcohol use and multimorbidity (Fig. 1). We reported adjusted relative risk (RR) and their 
corresponding 95% confidence intervals (CI). Any factor with a p-value < 0.05 was considered statistically sig-
nificantly associated with the outcomes of interest (multimorbidity with HIV or Multimorbidity without HIV).

Ethical considerations.  The study received ethical approvals from the University of the Witwatersrand 
Human Research Ethics Committee (ref. M141159), the Harvard T.H. Chan School of Public Health, Office 
of Human Research Administration (ref. C13–1608–02) and the Mpumalanga Provincial Research and Ethics 
Committee. Field staff received special training on ensuring participants understood the study before providing 
consent.

Results
Study population characteristics.  The HAALSI study randomly selected 6281 participants 40 years and 
older from the Agincourt HDSS. A total of 5059 (80.5%) were reachable, available, consented to take part, and 
were enrolled in the baseline wave of the study. From them 2345 were male (46.4%) and 2714 were female 
(53.6%). The more frequent age group was between the ages of 50–59 years old (n = 1410, 27.9%), a third had a 
normal BMI (n = 1719, 36.7%), and three quarters were not working (n = 3719, 73.7%). Almost half of them had 
no formal education (n = 2306, 45.7%) and lived in a 3–6-person household (n = 2438, 48.2%). A fifth of them 
belonged to households with the poorest wealth status (n = 1046, 20.7%) (Table 1).
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Prevalence of reported alcohol use and multimorbidity.  Almost half of the participants (n = 2253, 
44.6%) reported ever used alcohol, with half of them reporting alcohol use in the last 30 days (n = 1171, 51.9%). 
Amongst those who reported alcohol use in the last 30 days the most frequent group were those who consumed 
alcohol at least once a week (n = 619, 52.9%), while the rest consumed it at least once a month.

The overall prevalence of multimorbidity with HIV was 59.6% (n = 3014) and was similar in both males and 
females. The prevalence of multimorbidity without HIV was 52.5% (n = 2657) and was similar in males and 
females (Table 2).

Alcohol use and HIV multimorbidity.  Reported alcohol use was associated with HIV multimorbidity. 
Specifically, those reporting ever using alcohol had 5% increased risk of HIV multimorbidity (RR: 1.05, 95% CI: 
1.02–1.08), compared to those who had never used alcohol before. This was similar in males (RR: 1.05, 95%CI: 
1.00–1.10) and females (RR: 1.06, 95%CI: 1.02–1.11). The reported current alcohol use was associated with 3% 
lower risk of HIV multimorbidity among all participants (RR: 0.97, 95% CI: 0.94–1.01) and among females (RR: 
0.97, 95%CI: 0.91–1.04) and 2% lower risk of HIV multimorbidity (RR: 0.98, 95% CI: 0.94–1.03) in males but 
these were not statistically significant.

Other factors associated with HIV multimorbidity.  Among all participants.  Other factors that were 
significantly associated with HIV multimorbidity among all participants were BMI—specifically, the overweight 
category had a 10% higher risk (RR: 1.10, 95% CI: 1.05–1.16) and the obese category had a 12% higher risk 
(RR:1.12, 95%CI:1.09–1.16) compared to the normal weight category; marital status—especially in those report-
ing being separated or divorced (RR: 1.13, 95% CI: 1.05–1.22) and widowed (RR: 1.13, 95% CI: 1.05–1.21) in 
comparison to those who had never been married before. On the contrary, the following factors were found to 
be protective against HIV multimorbidity: education—specifically those who reporting completed secondary 
education or more had an 8% lower risk (RR: 0.92, 95% CI: 0.87–0.98) when compared to those who had no 
formal education; and individuals living in a 3–6-person household who had a 5% lower risk (RR: 0.95, 95% CI: 
0.91–0.99) compared to those living alone.

Among females.  Among females, other factors that were significantly associated with HIV multimorbidity 
were: marital status—those reporting being separated or divorced had a 14% higher risk (RR: 1.14, 95% CI: 
1.03–1.25), whereas educational level had protective effect with those who completed secondary level or more 
having a 10% lower risk (RR: 0.90, 95% CI: 0.83–0.98).

Figure 1.   Direct acyclic graph of causal pathways for alcohol use and multimorbidity.
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Among males.  Among males, factors that were significantly associated with HIV multimorbidity were: BMI—
those in the overweight and obese categories had 10% higher risk (RR: 1.10, 95% CI: 1.05–1.16) and 15% (RR: 
1.15, 95%CI:1.09–1.21) respectively compared to normal weight category; marital status—those who were wid-
owed had a 19% higher risk (RR: 1.19, 95% CI: 1.05–1.34) and those who reporting currently married had a 
14% higher risk (RR: 1.14, 95% CI: 1.02–1.27); and wealth index—those in the richest category (RR: 1.10, 95% 
CI: 1.03–1.18) compared to those in the poorest wealth category. (Table 3). However, protective factors included 
individuals living in a 3–6-person household—who had an 11% lower risk (RR: 0.89, 95% CI: 0.83–0.96).

Alcohol use and multimorbidity without HIV.  Reported alcohol use was associated with multimorbid-
ity without HIV. Specifically, those reporting ever used alcohol (compared to those who had never used it before) 
had 5% higher risk of multimorbidity without HIV (RR: 1.05, 95% CI: 1.02–1.09) among all participants and this 
was similar in males (RR: 1.06, 95%CI: 1.00–1.12) and females (RR: 1.06, 95%CI: 1.01–1.11). The reported cur-
rent alcohol use was associated with 3% lower risk of multimorbidity without HIV among all participants (RR: 

Table 1.   Sociodemographic factors of the HAALSI population (N = 5059), enrolled between November 2014 
and November 2015. a Total of males and females combined.

Characteristic Categories

Sex Totala

Male Female

n % n % n %

Age

40–49 418 17.8 500 18.4 918 18.2

50–59 624 26.6 786 29.0 1410 27.9

60–69 643 27.4 661 24.4 1304 25.8

70–79 446 19.0 432 15.9 878 17.4

80+ 214 9.1 335 12.3 549 10.9

Total 2345 100 2714 100 5059 100

Body Mass Index

Underweight 188 8.7 70 2.8 258 5.5

Normal 1019 47.2 700 27.7 1719 36.7

Overweight 611 28.3 717 28.3 1328 28.3

Obese 341 15.8 1043 41.2 1384 29.5

Total 2159 100 2530 100 4689 100

Employment Status

Employed (part or full-time) 443 19.0 362 13.4 805 16.0

Not working 1709 73 2010 74.3 3719 73.7

Homemaker 186 8 335 12.4 521 10.3

Total 2338 100 2707 100 5045 100

Educational Level

No formal education 957 40.9 1349 49.9 2306 45.7

Some primary (1–7 years) 833 35.6 883 32.7 1716 34

Some secondary (8–11 years) 314 13.4 260 9.6 574 11.4

Secondary or more (12 years or more) 234 10 212 7.8 446 8.9

Total 2338 100 2704 100 5042 100

Marital status

Never married 166 7.1 124 4.6 290 5.7

Separated/divorced 300 12.8 350 12.9 650 12.9

Widowed 276 11.8 1264 46.6 1540 30.5

Currently married 1602 68.3 973 35.9 2575 51

Total 2334 100 2711 100 5055 100

Number of individuals living in household

Living alone 330 14.1 204 7.5 534 10.6

Living with one other 257 11 281 10.4 538 10.6

Living in 3–6-person household 1055 45 1383 51 2438 48.2

Living in 7+ household 703 30 846 31.2 1549 30.6

Total 2345 100 2714 100 5059 100

Wealth asset index

Poorest 502 21.4 544 20 1046 20.7

2 455 19.4 546 20.1 1001 19.8

3 450 19.2 541 19.9 991 19.6

4 457 19.5 550 20.3 1007 19.9

Richest 481 20.5 533 19.6 1014 20

Total 2345 100 2714 100 5059 100

Country of origin

South Africa 1663 70.9 1865 68.8 3528 69.8

Mozambique/Other 682 29.1 844 31.2 1526 30.2

Total 2345 100 2709 100 5054 100



6

Vol:.(1234567890)

Scientific Reports |         (2023) 13:7807  | https://doi.org/10.1038/s41598-023-35018-6

www.nature.com/scientificreports/

0.97, 95% CI: 0.93–1.01) and among females (RR: 0.95, 95%CI: 0.89–1.03) and 1% lower risk of multimorbidity 
without HIV in males (RR: 0.99, 95% CI: 0.94–1.05) although not statistically significant.

Other factors associated with multimorbidity without HIV.  Among all participants.  Others factors 
associated with multimorbidity without HIV among all participants included age—compared to the reference 
age category of 40–49 years those aged 50–59 years had 10% higher risk (RR: 1.10, 95% CI: 1.05–1.16), those 
in the 60–69 year old age category had 16% higher risk (RR: 1.16, 95% CI: 1.10–1.22), those aged 70–79 years 
had 18% higher risk (RR: 1.18, 95% CI: 1.11–1.25), and 80+ years had a 26% higher risk (RR: 1.26, 95% CI: 
1.18–1.34); BMI—those in overweight category had a 15% higher risk (RR: 1.15, 95% CI: 1.11–1.20), and obese 
individuals had a 20% higher risk (RR: 1.20, 95% CI: 1.16–1.25); marital status—those separated or divorced had 
a 15% higher risk (RR: 1.15, 95% CI: 1.05–1.26), widowed individuals had an 11% higher risk (RR: 1.11, 95% CI: 
1.02–1.22), and those who were currently married had a 12% higher risk (RR: 1.12, 95% CI: 1.03–1.22).

Among females.  Among females, other factors that were significantly associated with multimorbidity without 
HIV were: age—those aged 50–59 years had an 11% higher risk (RR: 1.11, 95% CI: 1.04–1.18), 60–69 years-olds 
(RR: 1.14, 95% CI: 1.07–1.23) and 70–79 year olds (RR: 1.14, 95% CI: 1.06–1.24) both had 14% higher risk, and 
those aged 80+ years had 18% higher risk (RR: 1.18, 95% CI: 1.09–1.29); BMI—among those in the overweight 
and obese categories; and marital status: those separated or divorced had 21% higher risk (RR: 1.21, 95% CI: 
1.07–1.37) and those who were widowed had a 15% higher risk (RR: 1.15, 95% CI: 1.02–1.29).

Among males.  Among males, other factors that were significantly associated with multimorbidity without HIV 
were: age—60–69 years olds had 17% higher risk (RR: 1.17, 95% CI: 1.07–1.27), 70–79 year olds had 19% higher 
risk (RR: 1.19, 95% CI: 1.09–1.31), and 80+ year olds had 34% higher risk (RR: 1.34, 95% CI: 1.21–1.49); BMI—
among those categorized as overweight and obese, specifically, the overweight had 17% higher risk (RR:1.17, 
95% CI: 1.11–1.23), and being obese had 22% higher risk (RR: 1.22, 95% CI: 1.15–1.30); and wealth asset index: 
the richest category had 9% higher risk (RR: 1.09, 95% CI: 1.01–1.18) (Table 4).

Sensitivity analyses.  We performed a sensitivity analysis to assess the association between alcohol use 
and multimorbidity using these reported alcohol use frequency categories: “never”, “ever”, “at least once in the 
last 30 days”, and “at least once a week”. Similar results were obtained for both HIV multimorbidity and multi-
morbidity without HIV (Supplementary Tables 7 and 8). This was done to determine the impact of alcohol dose 
frequency on multimorbidity, and findings were similar to the presented alcohol use categories.

Table 2.   Alcohol use patterns, multimorbidity with and without HIV patterns amongst participants of the 
HAALSI study (N = 5059), enrolled between November 2014 and November 2015. a Total of males and females 
combined. b Column percentage. c Chronic conditions (Hypertension, Diabetes, Dyslipidaemia, Angina, 
Anaemia, Depression, Post-traumatic Stress Disorder).

Characteristic Categories

Sex Totala

Male Female

n %b n %b n %b

Ever

No 771 32.9 2032 74.9 2803 55.4

Yes 1572 67.1 681 25.1 2253 44.6

Total 2343 100 2713 100 5056 100

Last 30 days

No 660 42 424 62.1 1084 48.1

Yes 912 58 259 37.9 1171 51.9

Total 1572 100 683 100 2255 100

Frequency of consumption (among those who reported 
alcohol use in last 30 days)

At least once a week 519 57 100 38.6 619 52.9

At least once a month 392 43 159 61.4 551 47.1

Total 911 100 259 100 1170 100

Multimorbidity with HIVc

No chronic conditions 305 13 261 9.6 566 11.2

1 chronic condition 728 31 751 27.7 1479 29.2

2 or more chronic conditions 1312 56 1702 62.7 3014 59.6

Total 2345 100 2714 100 5059 100

Multimorbidity without HIVc

No chronic conditions 384 16.4 325 12 709 14

1 chronic condition 827 35.3 866 31.9 1693 33.5

2 or more chronic conditions 1134 48.4 1523 1523 2657 52.5

Total 2345 100 2714 100 5059 100
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Discussion
We sought to determine the association between reported alcohol use and multimorbidity in a population of 
individuals aged ≥ 40 years in rural South Africa. In this analysis, we found that reported alcohol use was com-
mon with almost half of the population reporting ever used alcohol. Also, the reported alcohol use was modestly 
associated with HIV multimorbidity and multimorbidity without HIV.

The observed prevalence of reported alcohol use in this study was 44.6%, which is similar to the WHO 
reported estimate of 43% among those aged 15 years and above in Africa2,42. In this study, across all alcohol use 
categories, males reported higher and more frequent alcohol consumption than females. Alcohol consumption 
is an activity dominated by males, with a prevalence reported to be 54% in males and 32% in females and mainly 
attributed to cultural roles of males and females43.

Table 3.   Association between alcohol use and multimorbidity with HIV, and associated factors among 
participants of a rural South African population of the HAALSI study, enrolled between November 2014 
and November 2015 (according to multivariate modified Poisson regression). a Sample of each exposure 
category. b Relative risk from modified Poisson regression. c The overall P-value for trend across all categories 
of individual variable. d (Adjusted for: Respondent sex, Age, Body Mass Index, Employment, Education, 
Marital Status, Number of people in the household, Wealth Index). e (Adjusted for: Age, Body Mass Index, 
Employment, Education, Marital Status, Wealth Index). f (Adjusted for: Age, Body Mass Index, Employment, 
Education, Marital Status, Wealth Index). Significant values are in bold.

Multimorbidity with HIV

Characteristic Category

Alld Malese Femalesf

Na RRb 95% CI P-valuec Na RRb 95% CI P-valuec Na RRb 95% CI P-valuec

Alcohol Use

Never 2801 1.00 < 0.001 771 1.00 0.036 2030 1.00 0.008

Ever 1084 1.05 1.02–1.08 660 1.05 1.00–1.10 424 1.06 1.02–1.11

Current 1171 0.97 0.94–1.01 912 0.98 0.94–1.03 259 0.97 0.91–1.04

Respondent Sex
Male 2345 1.00 0.604

Female 2714 1.01 0.98–1.04

Age (years)

40–49 918 1.00 0.171 418 1.00 0.161 500 1.00 0.152

50–59 1410 1.04 0.99–1.08 624 1.00 0.93–1.08 786 1.05 0.99–1.11

60–69 1304 1.05 1.00–1.10 643 1.03 0.96–1.11 661 1.05 0.99–1.11

70–79 878 1.03 0.97–1.08 446 1.01 0.93–1.10 432 1.00 0.94–1.07

80+ 549 1.06 1.00–1.12 214 1.10 1.00–1.20 335 1.00 0.93–1.08

Body mass index

Underweight 258 0.93 0.87–1.01 < 0.001 188 0.90 0.82–0.99 < 0.001 70 1.04 0.94–1.15 < 0.001

Normal 1719 1 1019 1 700 1

Overweight 1328 1.10 1.06–1.13 611 1.10 1.05–1.16 717 1.08 1.03–1.13

Obese 1384 1.12 1.09–1.16 341 1.15 1.09–1.21 1043 1.11 1.06–1.16

Employment status

Employed (part or full 
time) 805 1.00 0.872 443 1.00 0.981 362 1.00 0.937

Not Working 3719 0.99 0.95–1.04 1709 1.00 0.94–1.06 2010 0.99 0.94–1.05

Homemaker 521 1.00 0.95–1.05 186 1.01 0.92–1.10 335 0.99 0.93–1.06

Education

No formal education 2306 1.00 0.048 957 1.00 0.337 1349 1.00 0.041

Some primary education 
(1–7 years) 1716 1.01 0.98–1.04 833 1.00 0.95–1.04 883 1.02 0.98–1.05

Some secondary education 
(8–11 years) 574 0.99 0.95–1.04 314 0.96 0.90–1.03 260 1.01 0.95–1.08

Secondary or more (12+) 446 0.92 0.87–0.98 234 0.93 0.85–1.02 212 0.90 0.83–0.98

Marital status

Never married 290 1.00 < 0.001 166 1.00 0.044 124 1.00 < 0.001

Separated or divorced 650 1.13 1.05–1.22 300 1.10 0.98–1.24 350 1.14 1.03–1.25

Widowed 1540 1.13 1.05–1.21 276 1.19 1.05–1.34 1264 1.08 0.99–1.19

Currently married 2575 1.07 1.00–1.15 1602 1.14 1.02–1.27 973 1.01 0.92–1.11

Number of individuals liv-
ing in household

Living alone 534 1.00 0.013 330 1.00 0.004

Living with one other 538 0.96 0.90–1.02 257 0.93 0.85–1.02

Living in 3–6-person 
household 2438 0.95 0.91–0.99 1055 0.89 0.83–0.96

Living in 7+ person 
household 1549 0.99 0.94–1.04 703 0.94 0.87–1.02

Wealth asset index

Poorest 1046 1.00 0.326 502 1.00 0.024 544 1.00 0.724

2 1001 0.99 0.95–1.04 455 1.03 0.96–1.10 546 0.97 0.92–1.02

3 991 0.99 0.95–1.03 450 1.01 0.95–1.08 541 0.97 0.92–1.02

4 1007 1.02 0.98–1.06 457 1.07 1.00–1.14 550 0.99 0.94–1.04

Richest 1014 1.03 0.98–1.07 481 1.10 1.03–1.18 533 0.97 0.92–1.03
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The prevalence of multimorbidity with HIV in the study population was higher than that of multimorbidity 
without HIV (59.6% vs 52.5%) that is partly explained by the interaction of HIV with various NCDs. The overall 
prevalence of multimorbidity in this study is within the range of the previously reported prevalence of multimor-
bidity among older adults in South Africa (30–87%) and (0.7–81.3%) in Low- and Middle-Income countries44,45.

Reported ever use alcohol was associated with both multimorbidity with and without HIV in this study 
population (combination of both males and females), as well as only in females. This may have resulted from a 
visible dose–response of prior alcohol use that was ceased possibly due to efforts made by individuals to manage 
multimorbidity25. Previous studies on alcohol use and multimorbidity reported that alcohol use was associated 

Table 4.   Association between alcohol use and multimorbidity without HIV, and associated factors among 
participants of a rural South African population of the HAALSI study, enrolled between November 2014 
and November 2015 (according to multivariate modified Poisson regression). a Sample of each exposure 
category. b Relative risk from modified Poisson regression. c The overall P-value for trend across all categories 
of individual variable. d (Adjusted for: Respondent sex, Age, Body Mass Index, Employment, Education, 
Marital Status, Number of people in the household, Wealth Index). e (Adjusted for: Age, Body Mass Index, 
Employment, Education, Marital Status, Number of people in the household, Wealth Index). f (Adjusted for: 
Age, Body Mass Index, Employment, Education, Marital Status, Number of people in the household, Wealth 
Index). Significant values are in bold.

Multimorbidity without HIV

Characteristic Category

Alld Malese Femalesf

Na RRb 95% CI P-valuec Na RRb 95% CI P-valuec Na RRb 95% CI P-valuec

Alcohol Use

Never 2801 1.00 < 0.001 771 1.00 0.052 2030 1.00 0.013

Ever 1084 1.05 1.02–1.09 660 1.06 1.00–1.12 424 1.06 1.01–1.11

Current 1171 0.97 0.93–1.01 912 0.99 0.94–1.05 259 0.95 0.89–1.03

Respondent Sex
Male 2345 1.00 0.218

Female 2714 1.03 0.99–1.06

Age (years)

40–49 918 1.00 < 0.001 418 1.00 < 0.001 500 1.00 0.001

50–59 1410 1.10 1.05–1.16 624 1.08 0.99–1.17 786 1.11 1.04–1.18

60–69 1304 1.16 1.10–1.22 643 1.17 1.07–1.27 661 1.14 1.07–1.23

70–79 878 1.18 1.11–1.25 446 1.19 1.09–1.31 432 1.14 1.06–1.24

80+ 549 1.26 1.18–1.34 214 1.34 1.21–1.49 335 1.18 1.09–1.29

Body mass index

Underweight 258 0.91 0.84–0.99 < 0.001 188 0.87 0.78–0.97 < 0.001 70 1.03 0.91–1.16 < 0.001

Normal 1719 1 1019 1 700 1

Overweight 1328 1.15 1.11–1.20 611 1.17 1.11–1.23 717 1.13 1.07–1.19

Obese 1384 1.20 1.16–1.25 341 1.22 1.15–1.30 1043 1.18 1.13–1.25

Employment status

Employed (part or full 
time) 805 1.00 0.708 443 1.00 0.523 362 1.00 0.93

Not Working 3719 1.01 0.96–1.06 1709 1.02 0.95–1.09 2010 0.99 0.93–1.06

Homemaker 521 1.02 0.96–1.09 186 1.06 0.96–1.16 335 1.00 0.92–1.08

Education

No formal education 2306 1.00 0.218 957 1.00 0.705 1349 1.00 0.168

Some primary education 
(1–7 years) 1716 1.02 0.99–1.05 833 1.02 0.97–1.08 883 1.02 0.98–1.06

Some secondary education 
(8–11 years) 574 0.99 0.93–1.04 314 0.98 0.91–1.06 260 0.99 0.92–1.06

Secondary or more (12+) 446 0.96 0.89–1.02 234 0.99 0.90–1.10 212 0.92 0.83–1.01

Marital status

Never married 290 1.00 0.029 166 1.00 0.621 124 1.00 0.016

Separated or divorced 650 1.15 1.05–1.26 300 1.07 0.93–1.22 350 1.21 1.07–1.37

Widowed 1540 1.11 1.02–1.22 276 0.98 0.94–1.24 1264 1.15 1.02–1.29

Currently married 2575 1.12 1.03–1.22 1602 0.99 0.96–1.24 973 1.13 1.00–1.28

Number of individuals liv-
ing in household

Living alone 534 1.00 0.006 330 1.00 0.008 204 1.00 0.315

Living with one other 538 0.96 0.90–1.02 257 0.92 0.83–1.03 281 0.96 0.88–1.05

Living in 3–6-person 
household 2438 0.96 0.91–1.02 1055 0.92 0.84–1.00 1383 0.97 0.90–1.05

Living in 7+ person 
household 1549 1.02 0.96–1.08 703 0.99 0.90–1.09 846 1.01 0.93–1.09

Wealth asset index

Poorest 1046 1.00 0.184 502 1.00 0.046 544 1.00 0.837

2 1001 1.00 0.96–1.05 455 1.03 0.96–1.12 546 0.98 0.92–1.04

3 991 0.97 0.93–1.02 450 0.99 0.92–1.07 541 0.97 0.91–1.03

4 1007 1.02 0.97–1.07 457 1.07 0.99–1.15 550 0.99 0.94–1.05

Richest 1014 1.03 0.98–1.08 481 1.09 1.01–1.18 533 0.99 0.92–1.05
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with multimorbidity11,25,46 and NCDs13,14,47, especially in the elderly1,11,46,48,49 that could be mainly due to the 
toxic biochemical effects of alcohol25.

The association between reported alcohol use and both multimorbidity with and without HIV in males 
was not statistically significant. Other studies from high income countries reported a significant association of 
alcohol on NCDs in males and slightly beneficial for females—owing to the beneficial effect of light to moder-
ate alcohol consumption on both diabetes and ischaemic disease47. These contradictions raise concerns to the 
accuracy of reporting of alcohol use in our study population pointing towards the likelihood of underreporting 
due to social desirability50.

Although non-significant, a more protective association was observed across the entire population of indi-
viduals who used alcohol in the last 30 days and both multimorbidity with and without HIV. This could be due 
to underreporting of alcohol use50.

Findings of this study should be interpreted with caution considering the following limitations: social desir-
ability bias caused by underreporting of alcohol consumption patterns commonly occurs in multimorbid indi-
viduals—which, although uncertain, may have been the case in our study. If this was the case, this may have 
resulted in the underreporting of “ever” alcohol use by participants who were told to stop alcohol consumption 
due to the development of multimorbidity. These incidences of underreporting may have either biased the results 
towards the null or caused an overestimate of the effect. It is therefore critical to validate reported alcohol con-
sumption using a biomarker especially in chronic diseases management settings. The cross-sectional nature of 
this study could not allow us to determine the directionality of causation between alcohol use and multimorbidity.

Overall, alcohol use is a significant problem in rural South Africa and globally. Alcohol use has been associ-
ated with chronic conditions and odds of having more than one chronic condition at a time (multimorbidity) 
in rural South Africa and elsewhere in Africa. Despite that, there has been no coordinated alcohol intervention 
response, with fragmented strategies being implemented across different governmental levels and departments51. 
Two scoping reviews reported on the lack of individual level interventions and integration of such interventions 
in primary health care settings in sub-Saharan Africa9,10.

Conclusion
Reported alcohol use and multimorbidity were common among adults in rural South Africa. Ever used alcohol 
was associated with both multimorbidity with and without HIV. Current alcohol use was not associated with 
multimorbidity potentially due to underreporting because of social desirability. There is an urgent need to 
integrate alcohol interventions in the management of NCDs and multimorbidity and such interventions should 
include an objective assessment of alcohol consumption.

Data availability
Data are available in a public, open access repository. Any additional data requests could be directed to chodzi-
wadziwa.kabudula@wits.ac.za. The HAALSI baseline data are publicly available at the Harvard Centre for Popula-
tion and Development Studies (HCPDS) programme website https://​haalsi.​org/​data.
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