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ABSTRACT
Objectives To classify South African adults with chronic 
health conditions for multimorbidity (MM) risk, and 
to determine sociodemographic, anthropometric and 
behavioural factors associated with identified patterns of 
MM, using data from the WHO’s Study on global AGEing 
and adult health South Africa Wave 2.
Design Nationally representative (for ≥50- year- old adults) 
cross- sectional study.
Setting Adults in South Africa between 2014 and 2015.
Participants 1967 individuals (men: 623 and women: 
1344) aged ≥45 years for whom data on all seven health 
conditions and socioeconomic, demographic, behavioural, 
and anthropological information were available.
Measures MM latent classes.
Results The prevalence of MM (coexistence of two or 
more non- communicable diseases (NCDs)) was 21%. 
The latent class analysis identified three groups namely: 
minimal MM risk (83%), concordant (hypertension and 
diabetes) MM (11%) and discordant (angina, asthma, 
chronic lung disease, arthritis and depression) MM (6%). 
Using the minimal MM risk group as the reference, female 
(relative risk ratio (RRR)=4.57; 95% CI (1.64 to 12.75); 
p =0.004) and older (RRR=1.08; 95% CI (1.04 to 1.12); 
p<0.001) participants were more likely to belong to the 
concordant MM group, while tobacco users (RRR=8.41; 
95% CI (1.93 to 36.69); p=0.005) and older (RRR=1.09; 
95% CI (1.03 to 1.15); p=0.002) participants had a high 
likelihood of belonging to the discordant MM group.
Conclusion NCDs with similar pathophysiological risk 
profiles tend to cluster together in older people. Risk 
factors for MM in South African adults include sex, age and 
tobacco use.

INTRODUCTION
Non- communicable diseases (NCDs) are the 
leading cause of mortality across the globe,1 
and accounted for 73% of deaths in 2017.2 3 
In developed countries, it is estimated that 
approximately one in every four adults experi-
ence multimorbidity (MM), with half of older 
adults having three or more chronic condi-
tions.4 5 The prevalence of NCDs continues 
to increase in low/middle- income countries 

(LMICs) including South Africa.1 NCDs are 
responsible for 43% of deaths per year in 
South Africa, with most being premature 
deaths (deaths occurring before the age of 65 
years).6–8 NCD- related deaths are predicted 
to increase substantially over the next few 
decades if measures are not taken to combat 
the upward trend in prevalence.1 9

Within an individual, the coexistence of two 
or more chronic non- communicable, mental 
health or infectious diseases, of long duration 
(>3 months), is referred to as MM.10 11 Data 
from a 2015 South African primary healthcare 
(PHC) survey across all age groups reported 
the prevalence of NCD MM, which included 
hypertension, diabetes, ischaemic heart 
disease, asthma, epilepsy, chronic obstructive 
pulmonary disease, osteoarthritis and respi-
ratory infection, as 14.4%.1 A study by Garin 
et al aimed at identifying and describing MM 
patterns among adults older than 50 years in 
low- income, middle- income and high- income 
countries, using data from the Collaborative 
Research on Ageing in Europe project and 
the WHO’s Study on global AGEing and 
adult health (WHO- SAGE) Wave 1, found 

Strengths and limitations of this study

 ► This is the first comprehensive study on factors as-
sociated with the multimorbidity latent classes in 
low- income and middle- income countries.

 ► A key strength of the Study on global AGEing and 
adult health is that it consists of nationally represen-
tative samples, with high response rates.

 ► One weakness of this study is that data on most of 
the chronic diseases, and many behavioural vari-
ables (including tobacco use), were based on self- 
report, and can thus be affected by possible recall 
bias and social desirability bias.

 ► The cross- sectional design precludes causal 
inferences.
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that South Africa had a higher prevalence (68%) of MM 
(having at least two NCDs) than Ghana (48%), India 
(58%) and China (45%).3 In addition, in a study by Afshar 
et al to compare the prevalence of MM across 28 LMICs 
using the World Health Survey (2003), the prevalence of 
MM (two chronic conditions or more) in South Africa 
was 21.6% among the 50–64 year age group and 30.1% 
among those aged 65 years and older.12 A study by Ayeni 
et al aimed at profiling MM among 2281 South African 
women of age 18 years and older, newly diagnosed with 
breast cancer, across two South African provinces.13 They 
reported that 43.9% of the women met the definition of 
MM which included conditions such as hypertension, 
HIV infection and tuberculosis.

Evidence suggests that the factors associated with the 
rising prevalence of NCDs in South Africa include age, 
area of residence (urban or rural), tobacco use, insuf-
ficient physical activity and unhealthy diets.9 A study by 
Weimann et al investigated the association between socio-
economic disadvantage and MM in South Africa at two 
time points, 2008 and 2012, using the National Income 
Dynamics Study. They showed that the risk for MM was 
doubled in urban residents relative to their rural coun-
terparts, and respondents who were socioeconomically 
deprived had a twofold increased risk of having MM 
compared with the less deprived in both urban and rural 
areas.14

Previous research on MM in South Africa has primarily 
used simple counts of chronic conditions. However, 
different combinations of diseases may affect a person’s 
health and healthcare differently.15 To account for 
these differences, disease combinations can be catego-
rised according to their likelihood to cluster together, 
pathophysiological pathways or management plans, for 
example, hypertension and diabetes frequently occur 
together and may share common pathophysiological 
mechanisms.15 16 The prevalence and patterns of MM 
have important implications for targeted healthcare 
services for prevention, diagnosis, treatment and control.

The aim of this study was to classify South African 
adults aged 45 years and older according to MM risk, 
using self- reported diagnosed NCD health condition vari-
ables in a latent class analysis (LCA) using data from the 
WHO- SAGE South Africa Wave 2. Additionally, the anal-
yses looked at sociodemographic, anthropometric and 
behavioural factors associated with identified patterns of 
MM. The findings of the current study will contribute to 
the evidence base on the epidemiology of MM in a large 
South African adult population.

METHODS
Study design and participants
The current study used data from the WHO- SAGE South 
Africa, which is part of an ongoing multicountry longitu-
dinal study including China, Ghana, India, Mexico and 
the Russian Federation, to examine the health and well- 
being of nationally representative adult populations aged 

18+ years in over 42 000 participants, with an emphasis on 
populations aged 50+ years.17 Further details are available 
on the WHO- SAGE website (http://www. who. int/ health-
info/ sage/ en/). The current study is a cross- sectional 
analysis for the SAGE South Africa Wave 2 data collected 
in 2014/2015 using participants (n=1967), who had valid 
(not equal to zero) post- stratification weights, who were 
at least 45 years of age, with full data on the seven target 
NCDs.

Measures
Data on seven chronic conditions were collected via 
measurement and/or self- report. Noting hypertension is 
a common NCD risk factor, for the purposes of this anal-
ysis we categorised it as one of the seven conditions. As 
previously described, blood pressure was measured by 
trained nurses using wrist- worn blood pressure devices 
with positioning sensor (R6, Omron, Japan).18 Hyperten-
sion status was determined as a measured average systolic 
blood pressure reading of ≥140 mm Hg; and/or an 
average diastolic blood pressure reading of ≥90 mm Hg; 
and/or current use (within the last 2 weeks) of antihyper-
tensive medication.19 Participants reported whether they 
had ever received a medical diagnosis for angina, arthritis, 
asthma, chronic lung disease (emphysema or bronchitis, 
chronic obstructive pulmonary disease), depression and 
diabetes. These six self- reported NCDs were assessed 
through a question about ever being diagnosed with the 
disease by a physician/health professional. The specific 
question was, ‘Have you ever been told by a health profes-
sional/doctor that you have (disease name)?’

Demographic variables included age, sex, years of 
schooling completed and area of residence (urban 
or rural). Behavioural variables included ever used 
alcohol, ever used tobacco (smoked and smokeless), 
adding salt at the table (yes/no), participation in self- 
reported vigorous intensity activity (yes/no—‘Does your 
work involve vigorous intensity activity that causes large 
increases in breathing or heart rate, (like heavy lifting, 
digging or chopping wood) for at least 10 min continu-
ously?’, and ‘Do you do any vigorous intensity sports, 
fitness or recreational (leisure) activities that cause large 
increases in breathing or heart rate (like running or foot-
ball) for at least 10 min continuously?’), and self- rated 
sleep quality (very good/good, moderate or poor/very 
poor) as reported previously.17 Anthropometric measures 
included weight, height and waist circumference, and 
were measured in accordance with WHO standardised 
techniques with all fieldwork teams trained by WHO staff. 
Details about the WHO standardised interview and direct 
measurement techniques are described elsewhere.17 
Body mass index (weight, kg/height, m2) and waist- to- 
height ratio (waist (cm)/height (cm)) were calculated. 
Principal component analysis (PCA) was used to derive 
a socioeconomic status (SES) index for each household. 
PCA involved using household ownership of a set of 19 
assets, household density and household service access 
(sanitation and electricity) into categorical or interval 
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variables. The variables were then processed in order to 
obtain weights and principal components. The results 
obtained from the first principal component (explaining 
the most variability) were used to develop an index. The 
SES indices were then grouped into tertiles, reflecting 
different SES levels in the wealth continuum, as previ-
ously applied.20–22

Statistical analysis
Data were captured using an electronic data capture 
system (CAPI). STATA Statistical Software: V.16.0 (Stata 
Corp, 2017; College Station, USA) was used for statistical 
analyses. The LCA was performed in SAS (Version 9.4) 
PROC LCA add- on to determine patterns of coexisting 
chronic health conditions in the 1967 participants. LCA 
modelling is preferred over traditional clustering tech-
niques as variation on observed indicators is modelled as 
a function of membership in unobserved classes called 
latent classes.23 24 In addition, LCA allows for statistical 
testing of model fit and class membership in a proba-
bilistic way, with membership probabilities computed 
from the estimated model parameters.25 Furthermore, 
LCA has been demonstrated to be more objective and 
rigorous than K- means and hierarchical clustering 
for both exploratory work and theory testing.26 This is 
because LCA is model based, that is, there is a statis-
tical model that is assumed to come from the popula-
tion from which the data were gathered.25 In the current 
study, seven chronic health conditions (angina, arthritis, 
asthma, chronic lung disease, depression, diabetes and 
hypertension) were used as observed indicators. The 
optimal number of latent classes was determined using 
the adjusted Bayesian Information Criterion (aBIC), 

which has been shown to provide robust indicators of 
class enumeration with categorical outcomes.27 The aBIC 
was used to compare several plausible class models where 
the lowest values indicate the best fitting model. After 
selecting the best model, each participant was assigned to 
one class according to his or her highest computed prob-
ability of membership. Details for the LCA fit statistics 
are given in online supplemental table 1. The Pearson’s 
Χ2 test was used to test statistical differences between 
latent classes and categorical variables. Due to non- 
normality of continuous data, as shown by the Shapiro- 
Wilk test, statistical differences between groups/classes 
on continuous outcomes were tested using the Kruskal- 
Wallis test. Multinomial logistic regression was used to 
determine which sociodemographic, anthropometric 
and behavioural factors were associated with observed 
latent class membership. In the current study, we used 
STATA terminology for multinomial logistic regression. 
Relative risk ratios, 95% CIs and p values are reported for 
each explanatory variable.

Ethics statement
This study used the WHO- SAGE Wave 2 data available in 
the public domain for use by researchers (http://www. 
who. int/ healthinfo/ sage/ en/). The WHO- SAGE survey 
participants in all selected countries were informed about 
the survey, design, purpose and how it would benefit 
society at large. The survey was conducted under the 
supervision of the respective national governments.

Patient and public involvement
This study did not involve any patient and/or the public.

Figure 1 Study flow diagram. NCDs, non- communicable diseases.
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RESULTS
A total of 1967 participants were included in this analysis. 
Figure 1 below shows the study flow diagram.

The median age for the sample was 62 years (IQR: 
54–70). Fifty- seven per cent (n=1113) of our sample were 
women. The majority of the sample self- identified as black 
(n=1540, 78%), 6% (n=120) as white, and 16% (n=308) 
as coloured or Indian.

Prevalence of chronic NCDs and MM
Twenty- one per cent of the sample (n=415) had two or 
more of the seven chronic diseases, that is, MM while 39% 
(n=761) had none of the seven NCDs. The most common 
chronic disease was hypertension (52%) followed by 
arthritis (16%). Figure 2 below shows the prevalence of 
chronic NCDs by sex.

The prevalence of arthritis, depression, diabetes, lung 
disease and MM was higher in women, and of angina was 
higher in men.

Latent classes for chronic disease clusters
The optimal number of latent classes was determined 
using the aBIC. There were negligible differences 
between the two class and three class models and consid-
ering plausible interpretability, the three- class model was 
chosen.27 28 The three classes determined were: ‘minimal 
MM risk’, which included the individuals with low prob-
abilities for having each of the seven NCDs; ‘concordant 
MM’, which included individuals with high probabilities 
of having hypertension and diabetes; and ‘discordant 
MM’, which included individuals with higher probabil-
ities of having chronic conditions other than hyperten-
sion and diabetes. Concordant MM has been described 
by Piette and Kerr as chronic conditions that represent 
the similar pathophysiological risk profile and are more 
likely to be the focus of the same disease management 
plan, and discordant MM as chronic conditions that are 
not directly related in pathogenesis or management.15 
The majority of the sample (n=1625, 83%) were classified 

as being in the ‘minimal MM risk’ class. This class had 
the lowest prevalence of all seven NCDs. The ‘concor-
dant MM’ class constituted 11% (n=207) of the sample. 
The probability of being hypertensive in this class was 
95%, and 74.1% for diabetes. Lastly, the ‘discordant MM’ 
class comprised 6% (n=135) of the sample, and showed 
prevalence of arthritis (62.0 %), angina (33.0%), asthma 
(11.7%), depression (15.3%) and lung disease (34.1%). 
The prevalence of each of the seven diseases is presented 
by latent class as online supplemental figure 1.

The demographic, anthropometric and behavioural 
characteristics of the three latent classes are presented in 
table 1. The latent classes were significantly different with 
respect to all characteristics, with the exception of self- 
reported vigorous intensity activity. Details of the pairwise 
comparisons between the groups are shown in table 1 
below.

Multinomial logistic regression results showing associ-
ations between the demographic, anthropometric and 
behavioural characteristics, and latent class membership, 
are presented in table 2 below.

In this multinomial logit model, we used the minimal 
MM risk group as the reference. Being female was asso-
ciated with a 4.4- fold greater likelihood of being in the 
concordant group, and a 1- year increase in age was asso-
ciated with an 8% increased likelihood of being in the 
concordant group.

Tobacco users were 8.9 times more likely to belong to 
the discordant MM class relative to the minimal MM risk 
group. Every year increase in age was significantly associ-
ated with a 9% increased likelihood of belonging to the 
discordant MM class. None of the other factors was signif-
icant in this logistic regression.

DISCUSSION
In this study, we have shown that the prevalence of MM 
(coexistence of two or more NCDs) was 21%. The LCA 

Figure 2 Prevalence of chronic NCDs by sex. NCDs, non- communicable diseases.
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grouped our sample of men and women over the age 
of 45 years into three groups namely: minimal MM risk 
(83%), concordant MM (11%) and discordant MM (6%). 
When compared with the minimal MM risk group, being 
female and older were associated with belonging to the 
concordant MM group, while tobacco use and an increase 
in age were associated with belonging to the discordant 
MM group.

Several recent studies have explored MM in South 
Africa,13 14 29 30 however this study has used data from 

the SAGE which represents the 50+ years South African 
population, to identify patterns of chronic disease coexis-
tence. In addition, to our knowledge this is the first study 
in South Africa to use LCA to identify patterns of chronic 
disease coexistence as LCA has the ability to identify 
unique combinations of diseases using probabilities.25

Our study identified three latent classes of MM based 
on the presence or absence of seven chronic condi-
tions. Previous studies that have used the LCA method 
to describe patterns of chronic disease coexistence in 

Table 1 Characteristics of participants by latent class category (n=1967)

Minimal MM risk Concordant MM Discordant MM

P value(N=1591) (N=248) (N=128)

Age (years) 61 (54–69)a 65 (58–72)b 62 (55.5–69)a <0.001

BMI 28.5 (24.2–34.4)a 29.5 (25.6–35.6) 31.1 (25.2–37.5)b 0.02

Waist circumference (cm) 94 (81–105)a 99 (88–109)b 100 (88–112)b <0.001

Hip circumference (cm) 100 (90–112)a 106 (94–116)b 106.5 (93–118)b <0.001

Waist- to- height ratio 0.579 (0.503–0.662)a 0.642 (0.571–0.728)b 0.634 (0.553–0.710)b <0.001

Years educated 8 (6–11)a 8 (5–10)b 8 (6–10) 0.023

Sex <0.001

  Male 545 (34.3)a 51 (20.6)b 27 (21.1)b

  Female 1046 (65.7) 197 (79.4) 101 (78.9)

Alcohol 0.033

  Yes 289 (18.2)a 31 (12.7)b 29 (22.8)a

  No 1296 (81.8) 214 (87.3) 98 (77.2)

Tobacco <0.001

  Yes 301 (19.0)a 35 (14.3)a 40 (31.7)

  No 1284 (81.0) 210 (85.7) 86 (68.3)

Add salt at table 0.013

  Yes 1084 (68.4) 155 (63.3) 73 (57.0)

  No 501 (31.6) 90 (36.7) 55 (43.0)

Self- reported vigorous intensity activity 0.325

  Yes 181 (11.5) 26 (10.7) 20 (15.6)

  No 1396 (88.5) 218 (89.3) 108 (84.4)

Residence 0.013

  Urban 1124 (70.6) 160 (64.5) 101 (78.9)

  Rural 467 (29.4) 88 (35.5) 27 (21.1)

Household wealth tertile 0.001

  1 (lowest) 395 (80.58) 39 (8.03) 56 (11.39)

  2 473 (80.96) 74 (12.61) 38 (6.42)

  3 (highest) 455 (83.81) 58 (10.67) 30 (5.52)

Sleep quality <0.001

  Good 1307 (83.2) 176 (73.0) 89 (71.2)

  Bad 263 (16.8) 65 (27.0) 36 (28.8)

Medians in a row without a common superscript letter differ (p<0.05), as analysed by the Dunn’s multiple- comparison test for stochastic 
dominance using a Bonferroni correction for continuous data and pairwise Χ2 test for categorical data; p values shown are for Kruskal- 
Wallis test for continuous data and pairwise Χ2 test for categorical data. For categorical data, frequencies are reported with percentages in 
parenthesis, while medians are reported for continuous data with IQRs in parenthesis.
BMI, body mass index; MM, multimorbidity.
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older populations have yielded mixed results as regards 
the number of clusters identified. A cross- sectional 
sample of 4574 Australian senior citizens (aged 50 years 
and over) using 11 chronic conditions reported an MM 
prevalence of 52% and identified four classes.31 Their 
sample presented (1) a relatively healthier group, (2) a 
sick group with dominant presence of arthritis, asthma 
and depression, (3) a sick group with dominant pres-
ence of hypertension and diabetes, and (4) the sickest 
group with dominant presence of cancer, heart and 
stroke.31 Similarly, a retrospective cohort study on 13 
self- reported conditions from 14 502 Americans (65 
years old and older) identified six classes using the LCA 
approach, and reported an MM of 67.3%.32 The classes 
included: minimal disease class (prevalence of all condi-
tions is below cohort average), non- vascular class (excess 

prevalence in cancer, osteoporosis, arthritis, arrhythmia, 
chronic obstructive pulmonary disease, psychiatric disor-
ders), vascular class (excess prevalence in hypertension, 
diabetes mellitus, stroke), cardio–stroke–cancer class 
(excess prevalence in congestive heart failure, coronary 
heart disease, arrhythmia, stroke, and to a lesser extent 
hypertension, diabetes mellitus, cancer), major neuro-
logical disease class (excess prevalence in Alzheimer’s 
disease, Parkinson’s disease, psychiatric disorders), and 
very sick class (above average prevalence of all 13 condi-
tions).32 Comparison with these studies is difficult since 
the results might be influenced by the number and type 
of diseases included in the analysis, the characteristics of 
the sample or how data on diseases were collected.

In our study we identified a class representing ‘minimal 
MM risk’ (participants with low observed probabilities for 

Table 2 Results from multinomial logistic regression for factors associated with latent class membership

Reference (minimal MM risk) Concordant MM Discordant MM

Characteristic Relative risk ratio (95% CI) P value Relative risk ratio (95% CI) P value

Age (years) 1.08 (1.04 to 1.12) <0.001 1.09 (1.04 to 1.14) 0.001

Sex

  Male Reference Reference

  Female 4.38 (1.42 to 13.6) 0.011 2.04 (0.58 to 7.24) 0.267

Alcohol

  No Reference Reference

  Yes 1.13 (0.13 to 9.76) 0.908 0.37 (0.08 to 1.70) 0.201

Tobacco

  No Reference Reference

  Yes 2.92 (0.61 to 13.9) 0.178 8.86 (2.03 to 38.8) 0.004

Add salt at table

  No Reference Reference

  Yes 1.00 (0.43 to 2.33) 0.992 0.53 (0.23 to 1.22) 0.136

Physical activity

  No Reference Reference

  Yes 1.12 (0.48 to 2.61) 0.784 0.77 (0.26 to 2.30) 0.639

Residence

  Urban Reference Reference

  Rural 1.14 (0.41 to 3.21) 0.799 1.31 (0.43 to 4.00) 0.633

Household wealth tertile

  1 (lowest) Reference Reference

  2 1.10 (0.45 to 2.71) 0.833 0.61 (0.23 to 1.58) 0.303

  3 (highest) 1.49 (0.38 to 5.8) 0.564 0.43 (0.05 to 3.75) 0.443

Sleep quality

  Good/very good Reference Reference

  Moderate 1.58 (0.67 to 3.72) 0.292 1.65 (0.57 to 4.77) 0.35

  Poor/very poor 2.38 (0.66 to 8.55) 0.183 0.99 (0.23 to 4.34) 0.989

BMI 0.98 (0.92 to 1.04) 0.540 1.01 (0.97 to 1.06) 0.564

Years educated 1.00 (0.91 to 1.11) 0.861 1.01 (0.83 to 1.23) 0.939

BMI, body mass index; MM, multimorbidity.
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the NCDs reported), which has previously been reported 
in other studies which also conducted LCA.28 31 32 
However, the prevalence of 83% classified as ‘minimal 
MM risk’ in our study is larger than that described in 
these studies. This difference could be explained by the 
age of participants included in a study. For example, a 
study conducted by Olaya et al which found that 63.8% of 
their sample were classified in the minimal disease cate-
gory had a mean age of 66 years, while the average age in 
our study is 62 years.28 This is further supported by our 
finding that the probability of MM increases with age.

In addition, we identified two more classes namely 
concordant MM and discordant MM. This is similar to 
the study conducted by Chang et al in rural South Africa 
where they defined concordant conditions as cardiomet-
abolic conditions (hypertension, diabetes and angina), 
and discordant conditions as mental health illness, 
alcohol dependence and HIV infection.29 Differences in 
the conditions in the discordant class could be attributed 
to the fact that the studies did not consider the same 
conditions except depression.

To provide better care for individuals with comorbid 
conditions, South Africa implemented the integrated 
chronic disease management (ICDM) plan in 2014 
for primary healthcare.33 However, evidence suggests 
that implementation has faced challenges with many 
programmes remaining disease focused and with vertical 
implementation that fails to consider comorbid condi-
tions.34 35 Our findings have the potential to guide policy 
in refining implementation of strategies to address 
ICDM, for example, targeting to address hypertension 
and diabetes together.

In addition, in keeping with previous literature, we 
found tobacco users to have a higher probability of discor-
dant MM which included lung disease, asthma, arthritis 
and angina, compared with non- tobacco users.36–38 For 
example, in a study by Fonda et al aimed at examining 
the clustering of post- traumatic stress disorder, depres-
sive disorders and clinically significant pain among 433 
deployed veterans in Boston (USA) aged 18–65 years, 
tobacco smokers had 3.5 increased likelihood for MM.39

The findings from this study should be viewed in light 
of some limitations. First, since the current study design 
is cross- sectional in nature, we could not determine the 
direction of the association or causality. Second, data 
on most of the chronic diseases, and many behavioural 
variables (including tobacco use), were based on self- 
report, and can thus be affected by possible recall bias 
and social desirability bias. In addition, the definitions 
of alcohol use and tobacco use in our study were broad 
and do not capture the quantities and frequency of 
consumption, potentially explaining the lack of associ-
ation found. Furthermore, the LCA combined partic-
ipants without NCDs with those with mostly one NCD 
in the minimal MM risk group, thereby limiting the use 
of participants with no MM as the reference group. In 
addition, the LCA procedure was explorative in nature. 
Explorative LCA makes no priori assumptions about the 

number of latent classes and estimated starting with a two- 
class model and increasing the number of latent classes 
in a stepwise fashion. As such, when different criteria to 
determine the classes are used, researchers may argue 
in favour of different numbers of classes. Finally, the 
number of diseases included in this analysis was limited 
to those included in the SAGE Study. This may miss other 
conditions present in this population, such as dementia 
or cancers, and therefore have resulted in an underesti-
mation of MM prevalence. However, our prevalence data 
for MM are similar overall to previous SAGE recent data, 
and a number of studies have also analysed MM using a 
smaller number of diseases, usually less than 10, due to 
data collection limitations in LMICs such as lack of elec-
tronic health/medical records.30

In conclusion, this study identified three latent classes 
namely: minimal MM risk, concordant MM and discor-
dant MM. Review of the South Africa literature highlights 
that the PHC system under the ICDM model remains 
single- disease focused on the treatment of patients. In 
improving PHC in South Africa, efforts should be made to 
manage multiple conditions concurrently at PHC centres, 
in particular diabetes and hypertension. In addition, in 
our sample, risk factors for MM latent classes include 
age, sex and tobacco use. Future efforts should focus on 
the inclusion of all frequently occurring common condi-
tions, including infectious diseases to evaluate clustering 
patterns and inform policymakers to prioritise the older 
population, women and tobacco users in prevention 
programmes.
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