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ARTICLE INFO ABSTRACT
Keywords: Objectives: Ageing populations have led to a growing prevalence of multimorbidity. Cardiometabolic multi-
Cardiometabolic multimorbidity morbidity (CM), the co-existence of two or more cardiometabolic disorders in the same person, is rapidly

South Africa
Non-communicable diseases
Hypertension

Diabetes

increasing. We examined the prevalence and risk factors associated with CM in a population-based sample of
South African adults.

Study design: Data were analysed on individuals aged >15 years from the South African National Health and
Nutrition Examination Survey (SANHANES), a cross sectional population-based survey conducted in 2011-2012.
Methods: CM was defined as having >2 of hypertension, diabetes, stroke and angina. Hypertension was defined as
blood pressure >140/90 mmHg or self-reported antihypertensive medication use. Diabetes was defined by
HbAlc > 6.5% or self-reported medication use. Stroke and angina were assessed by self-report. Multivariable
logistic regression was used to investigate the sociodemographic and modifiable risk factors associated with CM.
The association of CM with the functional status of individuals was examined using logistic regression, where
functional status was measured by the WHO DAS 2.0 12-item instrument.

Results: Of the 3832 individuals analysed, the mean age was 40.8 years (S.D. 18.3), 64.5% were female and 18%
were >60 years. The prevalence of CM was 10.5%. The most prevalent CM cluster was hypertension and diabetes
(7.3%), followed by hypertension and angina (2.6%) and hypertension and stroke (1.9%). Of the individuals with
diabetes, nearly three quarters had multimorbidity from co-occurring hypertension, angina and/or stroke and of
those with hypertension, 30% had co-occurring diabetes, angina and/or stroke. Age (30-44 years Adjusted Odds
Ratio (AOR) = 2.68, 95% CI: 1.15-6.26), 45-59 years AOR = 16.32 (7.38-36.06), 60-74 years AOR = 40.14
(17.86-90.19), and >75 years AOR = 49.54 (19.25-127.50) compared with 15-29 years); Indian ethnicity (AOR
= 2.58 (1.1-6.04) compared with black African ethnicity), overweight (AOR = 2.73 (1.84-4.07)) and obesity
(AOR = 4.20 (2.75-6.40)) compared with normal or underweight) were associated with increased odds of CM.
When controlling for age, sex and ethnicity, having >2 conditions was associated with significantly higher WHO
DAS percentage scores (p = 5.4, S.E. = 1.1, p < 0.001).

Conclusions: A tenth of South Africans have two or more cardiometabolic conditions. The findings call for im-
mediate prioritisation of prevention, screening and management of cardiometabolic conditions and their risk
factors to avert large scale health care costs and adverse health outcomes associated with multimorbidity.
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1. Introduction

Advances in health care resulting in ageing populations, and lifestyle
and behavioural changes resultant from globalisation have led to a
growing prevalence of multimorbidity. Multimorbidity is associated
with poor quality of life, higher healthcare costs, and a higher risk of
mortality [1-3]. Cardiometabolic multimorbidity (CM), the co-existence
of two or more cardiometabolic disorders in the same person, is rapidly
increasing [4,5]. A recent study found that combinations of car-
diometabolic conditions increased the risk of mortality multiplicatively,
where each additional disease doubled the risk of mortality [6].

Many countries in Sub-Saharan Africa, including South Africa (SA),
are currently undergoing nutrition transitions, marked by changes in
dietary patterns and physical activity. The pace at which the nutrition
transition is occurring in SA is particularly striking [7, 8] where rapid
urbanisation and economic growth has led to shifts in diets toward more
processed energy-dense foods. Over the past two decades, the preva-
lence of overweight or obesity in women aged 15 and older rose from
56% in 1998 to 68% in 2016; and in men, it increased from 29% to 31%
[9]. The age-standardised death rates for non-communicable diseases
(NCDs) now exceed those of HIV/AIDS and tuberculosis combined [10].
Cardiovascular disease is the leading cause of premature mortality and
continual increases in diabetes mellitus-related mortality have been
observed [10].

SA has the highest HIV/AIDS burden and most health-care spending
is directed towards antiretroviral treatment, leaving limited spending
for NCDs particularly at primary care level. Furthermore, the SA health
care system is designed for handling single conditions where specialist
departments deal with specific chronic conditions. These factors
complicate the management of multimorbidity in the country. Quanti-
fying the burden of multimorbidity of various conditions will inform
policy and programmes to manage clusters of conditions. SA has begun
implementing its strategic plan to decrease premature mortality from
NCDs by one third by 2030 [11], which involves integrating chronic
disease management into primary care.

Globally, little is known about CM and its risk factors, because
observational studies typically focus on single disease outcomes. For
instance, it is well documented that factors such as BMI and tobacco
smoking increase the risk of cardiovascular disease, diabetes and stroke
[12,13] but the magnitude of their risk on clusters of combinations are
not often measured. The majority of studies on CM are conducted in
high-income countries [6,14-17] with a few in low-and-middle-income
countries [18,19]. Most of these studies were conducted among older
age groups. Multimorbidity research, in general, has received minor
attention in South Africa. The national burden of disease studies focus on
individual diseases. The current study is designed to bridge this gap by
identifying patterns of CM in a population-based sample of South Afri-
cans and to examine its association with a range of socio-demographic
and risk factors, which are likely to affect the ongoing health transi-
tion. CM was defined as having two or more of hypertension, diabetes,
angina and stroke. We further examine the functional status of in-
dividuals with CM.

2. Methods
2.1. Sampling

This study is based on secondary analyses of data from individuals
aged >15 years who participated in the South African National Health
and Nutrition Examination Survey (SANHANES), a cross-sectional
household survey conducted in 2011-2012 [20]. The survey included
interviews, medical examination and blood sampling for biomarker
analysis.

The SANHANES used a multi-stage disproportionate, stratified
cluster sample design to select 10,000 households. Within the occupied
households, 27,580 individuals of all ages were eligible to be
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interviewed and agreed to participate, 25,532 (92.6%) of whom
completed the interview. Of the latter number, 12,025 (43.6%) and
8078 (29.3%) individuals volunteered to undergo a medical examina-
tion and provide a blood sample, respectively. A total of 15,353 par-
ticipants aged >15 years completed the interview, of which 7043
underwent a physical examination that included blood pressure mea-
surement and 4710 submitted a blood sample that included HbAlc
measurement. Additional details of SANHANES methodology and lab-
oratory procedures are reported elsewhere [20]. Data were analysed on
the 3832 participants aged >15 years who underwent a physical ex-
amination and submitted a blood sample, and had non-missing data for
all four of the conditions investigated; namely hypertension, diabetes,
angina and stroke. Derivation of the analytic sample is presented in
Supplementary file 1.

2.2. Measures

The primary outcome was CM, defined as having any two or more of
the following conditions: hypertension, diabetes, stroke and angina.
Hypertension was defined as having either a measured systolic blood
pressure >140 mmHg, diastolic blood pressure >90 mmHg, or a self-
report of currently taking medication to lower blood pressure [21].
Three systolic and diastolic blood pressure measurements were taken
after 5-10 min of rest using an Omron Automatic Digital BP monitor
(model M2, Omron Healthcare, Bannockburn, Illinois, USA) [20]. The
lower of the last two measurements was used as the final blood pressure
reading. Diabetes was defined as having either an HbAlc > 6.5% or a
self-report of having been diagnosed and currently taking oral or gly-
caemic medication for high blood sugar or diabetes [22]. HbAlc was
measured by high-performance liquid chromatography. Stroke and
angina were assessed by self-report, using responses to the questions on
whether a doctor, nurse or health worker at a clinic or hospital had told
the respondent that they have or have had a stroke or a “heart
attack/angina (chest pains)” respectively.

The selection of independent variables investigated in this study was
guided by a review of the literature on risk factors associated with
cardiometabolic conditions [7,15-18,23]. These risk factors are often
categorised into modifiable and non-modifiable [23,24]. The
non-modifiable risk factors investigated were the socio-demographic
variables; sex, age, ethnicity, urban or rural residence, and household
wealth quintile. Ethnicity was classified into black African, white, ‘col-
oured’ (mixed-race ancestry) and Indian/Asian (Indian or Asian
ancestry). A household wealth index and corresponding wealth quintiles
were constructed using a Multiple Correspondence Analysis [25].
Sixteen variables, including housing type, water and sanitation services,
and asset ownership were used. The percentage inertia explained by the
first dimension was approximately 90%. Asset ownership comprised
thirteen assets, namely, ownership of a fridge, television, stove, mobile
phone, radio, DVD, washing machine, computer, DSTV, motorcar, vac-
uum cleaner, landline telephone and internet access.

The modifiable risk factor variables measured in the study were to-
bacco smoking, risky alcohol use and body mass index (BMI). Tobacco
smoking and alcohol use were assessed by self-report. Both the lifetime
smoking and current smoking variables were used to categorize re-
spondents as current, former or never smokers. High-risk alcohol use
was assessed by the AUDIT-C, a 3-item alcohol screening tool [26]. Body
mass index was calculated based on recommendations for adults by the
Centers for Disease Control and Prevention [27]. The age-dependent
BMI cut-off points were applied to classify respondents as underweight
(BMI <18kg/m2), normal weight (BMI 18.0-24.9 kg/m2), overweight
(BMI 25.0-29.9 kg/m2) and obese (BMI >30kg/m2).

The functional status of individuals with CM was measured by the
WHO Disability Assessment Schedule (WHODAS 2.0), a 12-item
interviewer-administered screening tool [28]. The WHODAS 2.0 mea-
sures health and disability at the population level by assessing the level
of functioning over the past month in six domains of life, namely,
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cognition, mobility, self-care, getting along with other people, life ac-
tivities and participation in society. Respondents rate the level of diffi-
culty they experience in doing various activities, from none to extreme
or cannot do. Composite scores ranging from O to 48 are transformed
into percentages (0-100%) [28].

2.3. Statistical analysis

Data were analysed in Stata 15.0. (StataCorp, Texas, USA 2016) and
all analyses applied sample weights to adjust for unequal probabilities of
selection and nonresponse. The analytic sample comprised 3832 par-
ticipants with non-missing data on the four cardiometabolic conditions.
Significance levels were set at p < 0.05.

When investigating the association with risk factors, multiple im-
putations were used to impute values for missing data on the following
variables: wealth index (17.9% missing), education (15.2% missing),
BMI (4.2%), tobacco smoking (1.8%) and alcohol use (1.8%). Data on
these risk factors were considered missing completely at random
(MCAR).

Prevalence estimates of the combinations of the four cardiometabolic
conditions were stratified by sex and chi-square tests were used to
compare sex differences. Bivariable and multivariable logistic regression
was used to investigate the risk factors associated with CM. Variables
found to be significant in the bivariate models were added to the
multivariable regression models, controlling for age, sex and ethnicity.
0Odd ratios including their 95% confidence intervals are reported.

The mean WHODAS percentage score was presented by the number
of conditions. Multiple linear regression controlling for age, sex and
ethnicity, was used to investigate the association of the number of
conditions with the WHODAS percentage score and the beta regression
coefficient with the associated standard error was reported.

3. Results
3.1. Description of the sample

The mean age of the sample was 40.8 years (S.D. 18.3), wherein 35%
were 15-29 years old and 4% were 75 years or older (Table 1). Almost
two-thirds lived in urban areas (64.6%). Over a third of the sample had
less than secondary school education (35.8%) and 5.7% had tertiary
education. In terms of BMI, 22.5% were overweight and 28.5% were
obese. One in five (21.8%) were current tobacco smokers, 4.2% were
former smokers and 18.7% were classified as high-risk users of alcohol.

3.2. Combinations of cardiometabolic conditions

The prevalence of hypertension was 33.9% (95% CI: 31.8-36.1),
diabetes 10.2% (8.9-11.7), angina 5.6% (4.5-6.9) and stroke 2.6%
(2.0-3.5). The prevalence estimates of specific disease combinations
(Table 2) show the 11 different combinations of CM in this study. The
most prevalent dyad of disease was hypertension and diabetes, where
7.3% (6.2-8.5) had both these conditions. Hypertension and angina
(2.6%,2.0-3.4), and hypertension and stroke (1.9%, 1.3-2.7) were the
second and third most prevalent dyads. Of the individuals with diabetes,
nearly three quarters (73.9%, 67.6-79.4) had multimorbidity from co-
occurring hypertension, angina and/or stroke. Of the individuals with
hypertension, 29.6% (26.2-33.3) had co-occurring diabetes, angina
and/or stroke. A fifth of individuals with both hypertension and diabetes
had co-occurring angina and/or stroke (19.6%, 13.7-27.1). With respect
to sex differences, females had a significantly higher total prevalence of
diabetes than males, as well as a significantly higher prevalence of co-
occurring hypertension and diabetes. The prevalence of having one
condition, as well as two or more conditions, increased with age (Fig. 1).

Public Health in Practice 2 (2021) 100193

Table 1
Description of the sample (N = 3832).
n (%)

Age (years), mean (SD) 40.8 (18.3)
15-29 1342 (35.0)
30-44 887 (23.2)
45-59 910 (23.8)
60-74 538 (14.0)
>75 155 (4.0)

Sex
Male, n (%) 1361 (35.5)
Female, n (%) 2471 (64.5)

Ethnicity
black African, n (%) 2432 (63.5)
White, n (%) 81 (2.1)
Mixed race, n (%) 1134 (29.6)
Indian, n (%) 185 (4.8)

Urban residence, n (%) 2474 (64.6)

Wealth quintile
1 (Lowest), n (%) 767 (20.0)
2,n (%) 773 (20.2)
3,n (%) 763 (19.9)
4, n (%) 763 (19.9)
5 (Wealthiest), n (%) 766 (20.0)

Education
Primary/no formal education, n (%) 1373 (35.8)
Secondary, n (%) 2240 (58.5)
Tertiary, n (%) 219 (5.7)

BMI status
Underweight, n (%) 300 (7.8)
Normal weight, n (%) 1580 (41.2)
Overweight, n (%) 861 (22.5)
Obese, n (%) 1091 (28.5)

Tobacco smoking
Never smoker, n (%) 2835 (74)
Former smoker, n (%) 160 (4.2)
Current smoker, n (%) 837 (21.8)
High-risk alcohol use, n (%) 715 (18.7)

3.3. CM and related risk factors

The prevalence of CM, defined as having any two or more of the four
conditions (hypertension, diabetes, stroke and angina) was 10.2%
(Table 3) and ranged from 1.1% in 15-29-year olds to 37.6% in >75 year
olds. In the bivariable logistic regressions, older age (30-44 years, 45-59
years, 60-74 years and >75 years compared with 15-29 years), Indian
ethnicity (compared with black African ethnicity), increased wealth
(highest wealth quintile compared with lowest/poorest quintile), over-
weight and obesity (compared with normal or underweight), and being a
former tobacco smoker (compared to never smoker) were associated
with increased odds of CM. Secondary level school education (compared
with primary or no formal schooling) was associated with reduced odds
of CM. In the adjusted model, ages 30-44 years (Adjusted Odds Ratio
(AOR) = 2.68, 95% CI: 1.15-6.26, p = 0.023), 45-59 years (AOR =
16.32, 95% CI: 7.38-36.06, p < 0.001), 60-74 years (AOR = 40.14, 95%
CI: 17.86-90.19, p < 0.001) and >75 years (AOR = 49.54, 95% CI:
19.25-127.5, p < 0.001) (compared with 15-29 years), Indian ethnicity
(AOR = 2.58, 95% CI: 1.1-6.04, p = 0.029 compared with black African
ethnicity), overweight and obesity (AOR = 2.73, 95% CI: 1.84-4.07, p <
0.001 and AOR = 4.20, 95% CI: 2.75-6.40, p < 0.001 respectively
compared with normal or underweight) were associated with increased
odds of CM.

3.4. Functional status and CM

The mean WHODAS percentage score, indicating the degree of dif-
ficulty in conducting routine activities, was higher for individuals with
>2 conditions (13.9%, standard error (SE): 1.1) than for those with one
condition (6.8%, SE: 0.5) and no condition (4.0%, SE: 0.3). (Table 4).
After controlling for age, sex and ethnicity, having >2 conditions were
associated with significantly higher WHODAS percentage scores
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Table 2
Prevalence of cardiometabolic combinations by sex.
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Cardiometabolic condition Overall Male Female p-value for linearity
% 95% CI obs. % 95% CI % 95% CI
One condition 29.7 [27.7-31.7] 1192 30.3 [27.1-33.8] 29.2 [26.8-31.7] 0.581
HTN 23.9 [22.0-25.9] 986 24.8 [21.8-28.2] 23.3 [21.0-25.6] 0.415
DM 2.7 [2.0-3.5] 115 2 [1.3-3.1] 3.1 [2.2-4.3] 0.131
Angina 2.6 [1.9-3.7] 71 2.9 [1.7-4.9] 2.5 [1.7-3.6] 0.585
Stroke 0.4 [0.2-0.8] 20 0.5 [0.2-1.4] 0.4 [0.2-0.8] 0.612
Two conditions 8.7 [7.5-10.1] 426 7.7 [6.2-9.6] 9.4 [8.0-11.1] 0.102
HTN, DM 5.9 [4.9-7.0] 301 4.6 [3.5-5.9] 6.7 [5.5-8.2] 0.008"
HTN, Angina 1.4 [1.0-2.0] 64 1.2 [0.7-2.2] 1.6 [1.0-2.3] 0.478
HTN, Stroke 1.1 [0.7-1.7] 46 1.7 [0.9-3.2] 0.6 [0.4-1.1] 0.058
Angina, Stroke 0.2 [0.1-0.4] 6 0.1 [0.0-0.3] 0.3 [0.1-0.7] 0.167
DM, Stroke 0.1 [0.0-0.2] 4 0.1 [0.0-0.3] 0.1 [0.0-0.3] 0.879
DM, Angina 0.1 [0.0-0.7] 5 0.1 [0.0-0.3] 0.2 [0.0-1.2] 0.464
Three conditions 1.7 [1.2-2.4] 70 1.7 [0.9-3.0] 1.7 [1.2-2.4] 0.924
HTN, DM, Stroke 0.5 [0.3-1.0] 19 0.8 [0.3-2.0] 0.3 [0.1-0.7] 0.275
HTN, Stroke, Angina 0.3 [0.1-0.5] 11 0.3 [0.1-0.9] 0.3 [0.1-0.6] 0.996
HTN, DM, Angina 0.9 [0.5-1.4] 39 0.6 [0.3-1.5] 1 [0.7-1.7] 0.158
DM, Stroke, Angina 0.1 [0.0-0.4] 1 0 0.1 [0.0-0.6] 0.318
All four conditions <0.1 [0.0-0.1] 4 <0.1 [0.0-0.1] <0.1 [0.0-0.2] 0.413
Totals
HTN 33.9 [31.8-36.1] 1470 341 [30.8-37.5] 33.9 [31.3-36.5] 0.918
DM 10.2 [8.9-11.7] 488 8.2 [6.6-10.0] 11.6 [9.8-13.6] 0.004"
Angina 5.6 [4.5-6.9] 201 5.2 [3.7-7.3] 5.9 [4.6-7.5] 0.493
Stroke 2.6 [2.0-3.5] 111 3.5 [2.2-5.4] 2.1 [1.5-2.8] 0.059
HTN: Hypertension, DM: diabetes mellitus.
# p < 0.05 indicating a significant difference between males and females.
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Fig. 1. Prevalence of number of cardiometabolic conditions by age group.

(regression coefficient p = 5.39, S.E. = 1.1, p < 0.001, compared with
having no condition).

4. Discussion

This is the first study to provide data on multimorbidity of car-
diometabolic conditions in SA using a large population-based sample.
The prevalence of co-occurring clusters of conditions was estimated. The
relationship between CM and its modifiable and non-modifiable risk
factors was also examined. The prevalence of CM (defined as having two
or more of the following conditions: hypertension, diabetes mellitus,
angina and stroke) was 10.5%. Of the total sample, 60.1% had none of

the four conditions; 29.7% had just one condition; 8.7% had two con-
ditions; 1.7% had three conditions, and <0.1% had all four conditions.
The most common form of multimorbidity was hypertension and dia-
betes, which was present in 7.3% of individuals. One in five individuals
with hypertension and diabetes had co-occurring angina and/or stroke.
These findings have implications for both the prevention and manage-
ment of cardiometabolic conditions in SA, and can, therefore, inform
health policy, in both health promotion and health systems design.
Appropriate organisation of the health system at primary, secondary and
tertiary levels is important in the optimal and cost-effective manage-
ment of multimorbidity.

The prevalence rates of each of the four conditions reported in this
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Table 3
Cardiometabolic multimorbidity by related factors.
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Prevalence Bivariable logistic regression Multivariable logistic regression
% 95% CI OR 95% CI p-value AOR 95% CI p-value
Total 10.5 [9.1-11.9]
Age (years)
15-29 1.1 [0.3-1.9] ref - - ref - -
30-44 3.8 [2.2-5.4] 3.52% [1.55-7.99] 0.003 2.68* [1.15-6.26] 0.023
45-59 19.5 [15.9-23.1] 21.51% [10.36-44.65] <0.001 16.32* [7.38-36.06] <0.001
60-74 33.0 [27.4-38.6] 43.83* [20.66-92.97] <0.001 40.14* [17.86-90.19] <0.001
>75 37.6 [24.5-50.7] 53.55* [21.84-131.29] <0.001 49.54* [19.25-127.5] <0.001
Sex
Male 9.4 [7.4-11.4] ref - - ref - -
Female 11.2 [9.6-12.8] 1.22 [0.94-1.57] 0.136 0.97 [0.68-1.37] 0.844
Ethnicity
black African 9.9 [8.4-11.4] ref - - ref - -
White 17.7 [6-29.3] 1.94 [0.85-4.44] 0.114 0.61 [0.29-1.27] 0.185
Mixed race 9.6 [6.9-12.2] 0.96 [0.68-1.35] 0.805 0.99 [0.68-1.44] 0.951
Indian 26.6 [16.4-36.8] 3.28* [1.88-5.72] <0.001 2.58* [1.1-6.04] 0.029
Place of residence
Rural 9.4 [7.4-11.4] ref - -
Urban 11.2 [9.3-13.1] 1.21 [0.89-1.65] 0.215
Wealth quintile
1 (Lowest) 8.2 [5.7-10.8] ref - - ref - -
2 9.0 [6.1-11.9] 1.11 [0.67-1.82] 0.688 1.17 [0.68-1.99] 0.568
3 11.7 [8.6-14.7] 1.47 [0.95-2.28] 0.084 1.40 [0.88-2.24] 0.158
4 10.8 [7.4-14.2] 1.35 [0.84-2.16] 0.210 1.28 [0.74-2.22] 0.366
5 (Wealthiest) 12.9 [9-16.8] 1.66* [1.02-2.69] 0.041 1.10 [0.62-1.94] 0.738
Education
Primary/no formal education 15.3 [12.7-17.9] ref - - ref - -
Secondary 8.1 [6.3-9.9] 0.49* [0.36-0.67] <0.001 1.31 [0.91-1.89] 0.150
Tertiary 9.2 [4.4-14] 0.56 [0.3-1.03] 0.061 0.84 [0.42-1.65] 0.607
BMI status
Underweight/Normal weight 4.1 [3.1-5.2] ref - - ref - -
Overweight 13.8 [11-16.7] 3.74* [2.69-5.2] <0.001 2.73* [1.84-4.07] <0.001
Obese 18.5 [15.2-21.8] 5.29* [3.8-7.36] <0.001 4.20* [2.75-6.4] <0.001
Tobacco smoking
Never smoker 9.9 [8.4-11.4] ref - - ref - -
Former smoker 21.2 [10.5-31.8] 2.44* [1.26-4.73] 0.008 1.67 [0.91-3.07] 0.100
Current smoker 10.0 [6.8-13.2] 1.01 [0.67-1.51] 0.966 1.35 [0.85-2.16] 0.204
Alcohol use
Low risk 10.9 [9.3-12.4] ref — -
High risk 8.8 [5.9-11.7] 0.79 [0.54-1.16] 0.233

Odds Ratio (OR), Adjusted Odds Ratio (AOR).

Table 4
WHODAS 2.0 mean percentage scores for individuals.

Cardiometabolic condition Mean S.E. B (S.E.) (p-value)”
Hypertension 8.8 0.6
Diabetes 11.0 1.1
Angina 12.3 1.3
Stroke 18.9 2.3
Number of conditions
None 4.0 0.3 ref
1 condition 6.8 0.5 0.1 (0.54) (0.883)
> 2 conditions 13.9 1.1 5.4 (1.1) (<0.001)"

S.E. - standard error.
@ Adjusted for age, sex and ethnicity.
b b <0.05.

study are similar to those reported in prior studies using data from
SANHANES [20,29,30] and other South African national studies [9,31].
Hypertension was the single most prevalent condition at 33.9%. Hy-
pertension alone was present in two-thirds of hypertensive individuals
while the other third had one or more co-occurring condition(s). Dia-
betes was found to cluster more frequently with other conditions: 10.3%
of individuals were diabetic and three-quarters of these people with
diabetes had one or more co-occurring condition(s).

In the adjusted regressions, increasing age, Indian ethnicity, and
overweight and obesity were significantly associated with increased
odds of CM. The risk for cardiometabolic conditions was substantially

higher in older age groups, as these conditions are ageing-related dis-
eases [32]. This is particularly important in a country like South Africa
that is experiencing significant increases in life expectancy [33], due to
increased survival rates of patients receiving antiretroviral treatment for
HIV/AIDS, declines in tuberculosis mortality, and reductions in extreme
poverty. In addition, patients living longer on antiretroviral treatment
suffer from the cardiometabolic side effects of these drugs. Conse-
quently, growing numbers of older people may present with multiple
cardiometabolic conditions.

The prevalence of multiple cardiometabolic conditions in people of
Indian descent was more than twice that of the black African and mixed-
race ethnic groups. Several studies in SA have confirmed a high risk for
cardiometabolic diseases, particularly diabetes, in South Africans of
Indian descent [9,30,34]. Indian Asians have been shown to have a
higher risk than White Caucasians for the development of car-
diometabolic diseases for the same unit of increase in BMI [35,36] and
they may also have genetic markers that increase their susceptibility to
diabetes [35].

The associations of CM with overweight and obesity were also found
in other studies [16,17,37,38]. In this study, overweight and obesity
were associated with double and quadruple the risk of CM respectively.
Currently, more than two in five South African women are obese, half of
whom are severely obese [9]; highlighting the need for urgent obesity
prevention initiatives and screening of overweight and obese people for
raised blood pressure and blood glucose. A pooled analysis of the USA
and European cohorts found that overweight doubled the risk of CM,
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whereas mild and severe obesity resulted in five to ten times higher risk
when compared to people of a healthy weight [17]. Dyslipidaemia and
inflammation are common pathways through which obesity can lead to
the development of multiple cardiometabolic conditions [39].

While CM generally increased with household wealth and was
highest among former smokers and those with less than secondary
school education, these associations were not statistically significant
after adjusting for other factors. In HICs, the cardiometabolic risk is
higher in lower socio-economic groups [40] whereas in LMICs, higher
socioeconomic status is usually associated with increased risk of NCDs
and cardiometabolic diseases [41]. The nutrition transition is still un-
derway in SA, where economic growth and urbanisation have led to
increased affordability for calorific foods and an inclination to more
sedentary behaviours. These changes can in turn, lead to low physical
activity and poor diets, particularly in individuals with low health ed-
ucation, that is, who are not aware of the health consequences of these
behaviours. Consequently, some South African studies have found
higher cardiometabolic and/or non-communicable disease risk in in-
dividuals with higher socioeconomic status [42,43] and lower education
levels [43]. This sample included a wide age range while the former
studies were based on older people.

Given that cardiometabolic conditions have shared risk factors, tar-
geting these risk factors at primary and secondary prevention levels will
lower the overall risk of developing any one or more condition(s). In
primary prevention, health promotion programmes are needed to target
the risk factors for obesity such as unhealthy eating and physical inac-
tivity, as well as tobacco and alcohol use behaviours. Healthy lifestyles
established early on in life will persist into old age thereby preventing or
delaying hypertension, dyslipidaemia and cardiovascular diseases. In
secondary prevention, for a patient with ischaemic heart disease and
stroke, for example, addressing the risk factors such as smoking, blood
pressure control, obesity, lack of exercise and poor diet will be of benefit
for both the ischaemic heart disease (angina and heart attacks) as well as
the risk of further stroke. Furthermore, many risk factors for car-
diometabolic conditions are also risk factors for cancers and other
chronic diseases. Hence, targeting risk factors for CM can, therefore,
contribute to the prevention of other related chronic diseases.

CM was associated with the WHODAS measure of disability or
reduced functionality, but having a single condition was not. Another SA
study among elderly people with diabetes found that a larger number of
comorbid chronic conditions increased disability and poor quality of life
[44]. The optimal management of multimorbidity is important because
comorbid conditions can interact with one another resulting in com-
plications and thereby negatively impacting the quality of life [45].
Adequate care and management of people with CM can prevent the
complications from these diseases, thereby preventing or reducing
disability and poor quality of life.

The CM observed in this study has implications for clinical practice
and health systems design in SA. The SA health system’s inclination
towards specialisation, with health professionals and clinics dedicated
to specific types of non-communicable diseases, may not always be
beneficial to the patient. This is particularly important for car-
diometabolic diseases, as atherosclerotic narrowing of arteries and
thrombotic or embolic occlusion of arteries that result in acute events
arise from common disease processes. These common disease processes
result in clinical syndromes in the various organs that the vasculature
supplies. These clinical syndromes are currently managed by specialists
in separate clinics or hospital departments, such as cardiology, renal and
vascular surgery clinics. However, they are all caused by the same dis-
ease processes. A more optimal approach would be shifting work from
specialist level down to the primary care level, where patients present-
ing with an index condition can be examined for other comorbidities and
receive comprehensive care for all their conditions. This shift away from
specialised units of care will also help to bridge the gap in access to
quality health care in resource-limited settings.

It was difficult to compare the prevalence of CM with other studies,
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as the diseases included in the definition of CM differ between studies.
Some studies argue that including hypertension in the definition may
underscore the true effect of blood pressure on chronic disease [6].
However, we included hypertension to keep consistent with other South
African studies on multimorbidity which often include hypertension as a
disease rather than a risk factor [38,42,46].

The study has some limitations. Firstly, the cross-sectional nature of
the study means that the findings on risk behaviours associated with CM
cannot be interpreted as causational. Secondly, angina and stroke were
based on self-reported data. Thirdly, the choice of explanatory variables
in this study was restricted due to the data that was collected in the
SANHANES. The strengths of the study are that it is based on a sample
derived from a population-based survey and includes a wide age range.
Diabetes and hypertension were based on clinical measures of blood
glucose and blood pressure as well as self-reported diagnosis and
medication use and therefore capture diagnosed and undiagnosed cases.
Many studies on multimorbidity include only cases with known di-
agnoses. This study is therefore likely to reflect a more reliable estimate
of CM, particularly for SA, where the majority of individuals are un-
screened for cardiometabolic conditions and remain undiagnosed for
many years [29,30].

5. Conclusion

The findings draw attention to the need to prioritise effective man-
agement of cardiometabolic conditions in SA and other developing
countries to avert large scale health care expenses. Aggressive ap-
proaches are needed to upscale detection, treatment, and control of
cardiovascular disease risk factors and diabetes in the primary health-
care sector. This would entail empowering and training nurses, who
are the frontline health workers in primary care.
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