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The burden of type 2 diabetes mellitus (hereafter referred to as diabetes), 
at 15% among ≥25-year-old South Africans, is high and rising.[1] This 
is of concern because of the heavy health burden associated with 
diabetes, i.e. the macro- and microvascular complications that are 
frequently debilitating and contribute to high levels of morbidity and 
mortality in the country.[2] Moreover, in South Africa (SA), diabetes-
related morbidity and mortality occur most often in working-age 
individuals who are also family breadwinners.[3] This poses a serious 
threat, not only to health but also to economic development, 
and further exacerbates social inequities. Notably, diabetes is the 
second leading cause of mortality in the country after tuberculosis, 
accounting for almost 6% of deaths in 2017.[4] Therefore, optimal 
diabetes management with effective intervention strategies is crucial 
to prevent adverse outcomes. 

Diabetes is known to commonly cluster with other cardiovascular 
disease (CVD) risk factors such as dyslipidaemia and hypertension, 

which exponentially increases the risk of complications and CVDs.[5] 
Indeed, a combination of even modest elevations in blood pressure 
(BP), plasma lipids and blood glucose confer substantial excess 
risk for CVD and death.[6] Furthermore, the presence of diabetes is 
believed to confer an equivalent risk to already having coronary heart 
disease, which underlines the seriousness of this condition.[5] This 
highlights the importance of optimal control of all CVD risk factors, 
including glucose levels, in individuals with diabetes. 

Nonetheless, it is equally important to optimise hypertension 
and dyslipidaemia care in individuals without known diabetes 
(KD) but who are at high risk for diabetes and have hypertension 
or dyslipidaemia. Few, if any, community-based studies in SA have 
examined the management of cardiometabolic diseases in individuals 
at high risk for diabetes. To our knowledge, no SA study has described 
the level of care for hypertension and dyslipidaemia in a large sample 
of community-based participants with KD and compared this with 
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individuals at high risk for diabetes. Neither have sociodemographic 
factors nor the care of cardiometabolic comorbidities that may 
influence the detection, treatment and control of dyslipidaemia 
and hypertension been assessed. The present study describes the 
management and associations of dyslipidaemia and hypertension 
in 25 - 65-year-old participants with KD, newly diagnosed diabetes 
(NDD) and normoglycaemia. 

Methods 
Study design and participants
This cross-sectional study comprised 25 - 65-year-old participants 
(i) without KD recruited for the SA Diabetes Prevention Programme 
(SA-DPP), and (ii) with KD recruited from the same communities 
as the latter study. The SA-DPP targeted black and mixed ancestry 
(Khoisan, white, black and Malay heritage) participants who were at 
high risk for diabetes and resided in 16 communities in Cape Town, 
SA. A convenience sample was recruited between 2017 and 2019; 
the study methodology has been described in detail previously.[7] 
High-risk participants were identified on screening using the African 
Diabetes Risk Score (ADRS), a previously validated tool in SA that 
incorporates age, hypertension and waist circumference.[7] Eligibility 
for screening was as follows: 25 - 65 years of age, no previous 
diagnosis of diabetes, not currently pregnant or breastfeeding and 
not in receipt of cancer or tuberculosis treatment within the past 
3 months. 

Additionally, individuals from the same communities who self-
reported having diabetes (KD) were included specifically for this 
analysis. Participants with KD underwent similar assessments, 
excluding the oral glucose tolerance test (OGTT), as those in the 
SA-DPP. 

Data collection
Data were captured electronically on tablets and loaded into an 
online database. Data collection, conducted by trained fieldworkers, 
comprised administered questionnaires, clinical examinations 
and biochemical assessments. The questionnaires included 
sociodemographic characteristics, medical history and lifestyle 
behaviours pertaining to alcohol and tobacco use, and sedentary 
behaviours. 

Clinical assessments, conducted using standardised techniques, 
included anthropometry and BP measurements. Briefly, height 
(m) and body weight (kg) were assessed using a SECA stadiometer 
and a SECA digital scale, respectively, while waist (cm) and 
hip (cm) circumferences were measured using a flexible non-
elastic measuring tape in participants who were barefoot and 
wearing light clothing. Three BP measurements (Omron M6W 
automated cuff; Omron, Japan) were taken at 2-minute intervals 
after  the participant had been seated for 5 minutes, and the mean 
BP was calculated using the average of the second and third 
measurements. 

After an overnight fast of at least 10 hours, participants without 
KD underwent an OGTT. Blood samples were drawn at baseline, 
followed by the administration of a 75  g glucose load, and 
drawing of blood samples at 120 minutes for the OGTTs.[8] Blood 
samples were kept on ice and transported to the laboratory within 
6  hours to be processed. Plasma glucose levels were measured 
by hexokinase method (Beckman AU, South Africa). Glycated 
haemoglobin (HbA1c)  was analysed with high-performance liquid 
chromatography (Biorad Variant Turbo, South Africa). Serum lipid 
profiles including low-density lipoprotein cholesterol (LDL-C) were 
determined using the Beckman Coulter AU 5800 Clinical chemistry 
analysers (Beckman Coulter Inc., USA). 

Definitions
Age was dichotomised into two categories (</≥55 years), taking the 
median age of participants into consideration. Smoking was defined 
as current daily or occasional use of tobacco products such as 
cigarettes, cigars and pipes. Alcohol consumption was defined as the 
intake of any alcohol product within the last 12 months. Sedentary 
time >7.5  hours (>450  minutes) per week was defined as physical 
inactivity.[9] 

Body mass index (BMI), calculated as weight in kilograms divided 
by height in metres squared (kg/m2), categorised participants as 
underweight or normal weight (<25 kg/m2), overweight (25 - 29.9 kg/
m2) and obese (BMI ≥30  kg/m2).[10] Central obesity was defined as 
waist circumference ≥94  cm for men and ≥80  cm for women,[11] 
waist-to-hip ratio (WHR) >0.9 for men and >0.85 for women[11] and 
waist-to-height ratio as >0.5.[12]

Hypertension was defined as systolic BP ≥140  mmHg and/or 
diastolic BP ≥90 mmHg, self-reporting a hypertension diagnosis or 
being on antihypertension medication.[13] Among participants with 
hypertension, detection was defined as being previously informed by 
a doctor or nurse of their high BP status. Hypertension treatment was 
described as the intake of antihypertensive medication in participants 
(i) who were aware of their diagnosis or (ii) with hypertension. 
Hypertension control was defined as BP <140/90  mmHg 
in participants (i) on antihypertensive medication or (ii) with 
hypertension.

Diabetes was defined according to the 1998 World Health 
Organization (WHO) definition of fasting plasma glucose 
≥7.0  mmol/L and/ or 2-hour post-glucose load ≥11.1  mmol/L 
or previously diagnosed with diabetes or on medication for the 
condition.[8] Normoglycaemia was defined as a fasting plasma glucose 
<6.1 mmol/L and 2-hour post-glucose load <7.8 mmol/L and HbA1c 
<5.7%. Diabetes control in KD was defined as HbA1c <7.0%.

Dyslipidaemia was defined as LDL-C >3.0 mmol/L, having a previous 
diagnosis of dyslipidaemia, or taking lipid-lowering drugs, while other 
components were defined as total cholesterol (TC) >5 mmol/L, high-
density lipoprotein cholesterol (HDL-C) <1.2  mmol/L, HDL-C/TC 
ratio <20% and triglycerides >1.5 mmol/L.[14] Among participants with 
dyslipidaemia, detection was defined as being previously informed 
by a doctor or nurse of having high LDL-C levels. Dyslipidaemia 
treatment was described as taking anti-lipid (statin) medication 
in participants (i) who were aware of their diagnosis or (ii) with 
dyslipidaemia. Dyslipidaemia control was defined as LDL-C ≤3 in 
participants (i) on statin medication or (ii) with dyslipidaemia. The 
metabolic syndrome was defined by the harmonised Joint Interim 
Statement (JIS) criteria.[15]

Statistical analysis
Data analyses were performed in IBM SPSS Statistics for Windows 
(Version 27.0: IBM Corp., USA). Data were evaluated for normality 
according to Kolmogorov-Smirnov and Shapiro-Wilk tests. 
Continuous variables were compared by independent samples 
Kruskal-Wallis H tests as these variables were overall not normally 
distributed and accordingly presented as median and 25th - 75th 
percentiles. Categorical variables were compared using χ2 tests and 
are presented as absolute counts (n) and percentage (%). 

Multiple logistic regressions were conducted using a stepwise 
backward regression approach to determine the associations with 
detection, treatment and control of dyslipidaemia and hypertension. 
Treatment was assessed among participants who were detected, 
and control among those who were treated. The results are 
presented as odds ratios (ORs) and 95% confidence intervals 
(CIs). Stepwise backward regression allows the model to iteratively 
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assess the significance of each variable and removes those that 
do not significantly contribute to the prediction of the outcome, 
resulting in a more parsimonious model. Models were adjusted for 
sociodemographic characteristics (age, gender, ethnicity, education, 
employment status, income and housing type), behavioural risk 
factors (sedentary time, smoking and alcohol use), obesity and 
management of other cardiometabolic diseases. This approach 
ensures that the final model includes the most relevant predictors. 
P<0.05 was considered statistically significant.

Ethics approval was obtained from the South African Medical 
Research Council’s (SAMRC) Human Research Ethics Committee 
(ref. no. EC018-7/2015). All participants signed informed consent.

Results 
Sociodemographic characteristics
Among 618 participants (82% women), median age 58 years, and 
with a similar distribution by population group (48% black, 52% 
mixed ancestry), there were 339 participants with KD, 70 with NDD 
and 209 with normoglycaemia (Table 1). Participants with KD were 
significantly older than their counterparts (61 years v. 53 and 54 
years, respectively). Overall, only a fifth (21%) of participants were 
employed, while the largest proportion were pensioners or receiving 

a social grant (47%); the majority (75%) reported a household income 
<R3  200/month (about USD187). A quarter of participants had 
consumed alcohol in the previous 12 months (25%) and a similar 
proportion (23%) were current smokers. Alcohol and smoking 
rates were lower in participants with KD (18% and 19%) compared 
with normoglycaemia (35% and 30%) and NDD (27% and 24%), 
respectively.

Cardiometabolic characteristics 
Table  2A describes the median values of the cardiometabolic 
variables, and Table  2B details the prevalence of cardiometabolic 
risk factors by glycaemic status. In Table  2B, compared with those 
with normoglycaemia (82%) and NDD (84%), participants with KD 
(50%) had significantly lower rates of BMI >30  kg/m2 (p<0.001), 
which is likely a function of the study inclusion criteria for high-
risk participants. Hypertension prevalence was highest in KD (89%) 
compared with normoglycaemia (66%) and NDD (64%) (p<0.001). 
KD participants also had higher rates of LDL-C >3 mmol/L or taking 
lipid treatment and triglycerides (83% and 46%, respectively) than 
those with normoglycaemia (66% and 23%) and NDD (74% and 39%) 
(both p<0.001). Unsurprisingly, metabolic syndrome prevalence was 
highest among those with KD (91%) and NDD (86%) compared with 

Table 1. Sociodemographic and behavioural characteristics presented by glycaemic status (N=618)

Characteristic All Normoglycaemia
Newly diagnosed 
diabetes Known diabetes p-value

n 618 209 70 339
Sociodemographic characteristic
Age (median, (25th - 75th percentiles)) 58 (49 - 63) 54 (47 - 60) 53 (46 - 58) 61 (54 - 68) <0.001
Age n (%) <0.001

25 - 54 237 (38.3) 105 (50.2) 40 (57.1) 92 (27.1)
≥55 381 (61.7) 104 (49.8) 30 (42.9) 247 (72.9)

Gender, n (%) 0.553
Male 112 (18.1) 33 (15.8) 14 (20.0) 65 (19.2)
Female 506 (81.9) 176 (84.2) 56 (80.0) 274 (80.8)

Ethnic group, n (%) 0.006
Black 298 (48.3) 119 (56.9) 34 (48.6) 145 (44.0)
Mixed ancestry 319 (51.7) 90 (43.1) 36 (51.4) 193 (57.1)

Education, n (%) <0.001
≤7 years 211 (34.1) 53 (25.4) 14 (20.0) 144 (42.5)
>7 years 407 (65.9) 156 (74.6) 56 (80.0) 195 (57.5)

Employment status, n (%) <0.001
Employed 132 (21.4) 67 (32.1) 21 (30.0) 44 (13.0)
Unemployed 194 (31.4) 78 (37.3) 32 (45.7) 84 (24.8)
Pensioner or on grant 290 (46.9) 62 (29.7) 17 (24.3) 211 (62.2)

Total household income in rands/month, n (%) 0.300
ZAR0 - 1 600 227 (36.9) 80 (38.6) 25 (35.7) 122 (36.0)
ZAR1 601 - 3 200 237 (38.5) 79 (38.2) 21 (30.0) (40.4)
>ZAR3 201 152 (24.7) 48 (23.2) 24 (34.3) 80 (23.6)

Housing type, n (%) 0.356
Built formal unit/privately owned 227 (36.9) 81 (39.1) 23 (32.9) 123 (36.3)
Council house 279 (45.3) 89 (43.0) 29 (41.4) 161 (47.5)
Informal shack 110 (17.9) 37 (17.9) 18 (25.7) 55 (16.2)

Behavioural characteristic, n (%)
Sedentary time/week: <450 min 536 (90.5) 183 (91.5) 61 (89.7) 292 (90.1) 0.845
Current smoking* 144 (23.4) 62 (29.7) 17 (24.3) 65 (19.2) 0.010
Alcohol use in the past 12 months 154 (25.0) 74 (35.4) 19 (27.1) 61 (18.2) <0.001

Values are median (25th - 75th percentiles) or absolute count (number) and percentage. P-value for χ2 test. 
*Daily and occasional smoking
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normoglycaemia (49%) (p<0.001). Diabetes control was low in KD, 
with only 20% achieving HbA1c <7%. Diabetes control was lower in 
younger compared with older participants with KD (<54 years: 15.5% 
v. ≥55 years: 23.1%) (data not shown). 

Management of comorbid dyslipidaemia and 
hypertension
Participants with KD had significantly higher rates of previously 
detected dyslipidaemia (85.1%) compared with NDD (36.5%) and 

Table 2A. Median values of cardiometabolic variables presented by glycaemic status (25th - 7th percentile) (N=618)

Characteristic All Normoglycaemia
Newly diagnosed 
diabetes Known diabetes p-value

Adiposity*
Body mass index (kg/m2) 32.9 (27.8 - 39.0) 36.7 (31.5 - 41.6) 36.8 (31.5 - 40.1) 29.9 (25.2 - 35.3) <0.001
Waist circumference (cm) 100 (89 - 108) 105 (96 - 113) 105 (100 - 114) 101 (91 - 110) <0.001
Hip circumference (cm) 108 (99 - 117) 114 (104 - 121) 110 (102 - 117) 105 (97 - 113) <0.001
Waist-to-hip ratio 0.94 (0.89 - 1.0) 0.92 (0.86 - 0.98) 0.97 (0.90 - 0.99) 0.94 (0.89 - 1.1) 0.001
Waist-to-height ratio 0.65(0.59 - 0.70) 0.66 (0.59 - 0.71) 0.67 (0.61 - 0.71) 0.64 (0.58 - 0.70) 0.005

Blood pressure 
Systolic (mmHg) 123 (113 - 136) 126 (116 - 140) 128 (108 - 143) 133 (112 - 143) 0.013
Diastolic (mmHg) 82 (75 - 91) 84 (77 - 92) 85 (77 - 94) 82 (75 - 89) 0.002

Glycaemic markers
Glycated haemoglobin (%) 6.8 (6.0 - 9.2) 6.0 (5.8 - 6.1) 7.1 (6.6 - 8.5) 8.7 (7.1 - 10.6) <0.001
Fasting plasma glucose (mmol/L) 6.4(5.0 - 10.1) 4.9 (4.6 - 5.3) 7.6 (6.7 - 9.9) 8.8 (6.4 - 12.4) <0.001
2-hour glucose (mmol/L) - 5.6 (4.8 - 6.2) 13.4 (10.4 - 17)  - 

Blood lipids
Total cholesterol (mmol/L) 4.9 (4.1 - 5.7) 5.1 (4.4 - 5.9) 5.4 (4.5 - 6.0) 4.6 (3.8 - 5.4) <0.001
HDL-C (mmol/L) 1.2 (1.0 - 1.4) 1.2 (1.1 - 1.4) 1.1 (1.0 - 1.3) 1.2 (1.0 - 1.4) 0.040
LDL-C (mmol/L) 3.1 (2.3 - 3.8) 3.2 (2.6 - 3.9) 3.5 (2.8 - 4.0) 2.9 (2.3 - 3.5) <0.001
HDL-C: Total cholesterol ratio 0.25(0.20 - 0.29) 0.24 (0.20 - 0.29) 0.21 (0.19 - 0.25) 0.26 (0.21 - 0.32) <0.001
Triglycerides (mmol/L) 1.4 (1.1 - 1.95) 1.2 (0.87 - 1.70) 1.6 (1.22 - 2.00) 1.6 (1.15 - 2.24) <0.001

HDL-C = high-density lipoprotein cholesterol; LDL-C = low-density lipoprotein cholesterol.

Table 2B. Prevalence of cardiometabolic risk factors presented by glycaemic status (N=618)

All Normoglycaemia
Newly diagnosed 
diabetes Known diabetes p-value

Adiposity, n % <0.001
BMI <25 kg/m2 91 (15.1) 7 (3.4) 2 (2.9) 82 (24.2) -
BMI 25 - 29.9 kg/m2 128 (19.9) 30 (14.4) 9 (12.9) 89 (26.3) -
BMI >30 kg/m2 398 (65.3) 171 (82.2) 59 (84.3) 168 (49.6) -
WC: men >94; women >80 cm 565 (91.6) 193 (92.8) 65 (94.2) 306 (90.3) 0.419
WHR: men ≥0.9; women ≥0.85 490 (84.8) 152 (79.2) 53 (86.9) 284 (87.7) 0.031
WHtR: >0.5 602 (97.6) 203 (98.1) 69 (100.0) 329 (96.8) 0.239

Hypertension, n %
�BP ≥140/90 mmHg or on treatment 485 (78.6) 137 (65.5) 45 (64.3) 303 (89.4) <0.001
�BP ≥130/80 mmHg or on treatment 
(with diabetes)

n/a n/a 59 (84.3) 320 (94.4) 0.003

Glycaemic markers, n (%) -
Glycated haemoglobin <7% n/a n/a n/a 69 (20.4) -
1st degree relative with diabetes 361 (58.7) 110 (52.6) 33 (47.1) 218 (64.9) 0.002

Dyslipidaemia, n % -
Total cholesterol >5mmol/L 272 (44.9) 105 (50.2) 43 (61.4) 124 (37.9) <0.001
HDL-C <1.2 mmol/L 254 (41.9) 78 (37.3) 38 (54.3) 138 (42.2) 0.045
�LDL-C >3mmol/L or on cholesterol 
lowering drugs 

471 (76.2) 138 (66.0) 52 (74.3) 281 (82.9) <0.001

HDL-C: Total cholesterol ratio <20% 133 (22.0) 50 (23.9) 28 (40.0) 55 (16.9) <0.001
Triglycerides: >1.5 mmol/L 228 (37.5) 49 (23.4) 27 (38.6) 152 (46.2) <0.001
Metabolic syndrome 414 (70.1) 101 (48.8) 60 (85.7) 280 (90.9) <0.001

*Values are median (25th - 75th percentiles) or count (percentage). P-values for Kruskal-Wallis test or χ2 test. 
BMI = body mass index; WC = waist circumference; WHR = waist-to-hip ratio; WtHR = waist-to-height ratio; BP = blood pressure; HDL-C = high-density lipoprotein cholesterol; LDL-C = 
low-density lipoprotein cholesterol. 
1st degree relative = biological parent, sibling, or child. Metabolic syndrome: deemed present if ≥3 of the JIS metabolic syndrome criteria are met.
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normoglycaemia (35.5%), as illustrated in Table  3. KD participants 
were also more likely to be treated for their previously detected 
dyslipidaemia (85.4%) and to be controlled when on treatment 
(56.3%) compared with their counterparts (NDD: 63.2% and 33.3%, 
normoglycaemia: 61.2% and 43.3%, respectively). 

As demonstrated in Table 3, detected or known hypertension was 
highest in KD (97.4%), followed by NDD (88.9%) and normoglycaemia 
(80.3%). Among participants with known or detected hypertension, 
those with KD were most likely to be treated (90.2%) compared with 
NDD (77.5%) and normoglycaemia (74.5.%). Hypertension control 
among participants on treatment was highest in KD (69.5%) compared 
with NDD (51.6%) and normoglycaemia (61.0%). Nevertheless, when 
using the lower BP cut-point of <130/80  mmHg recommended for 
optimal hypertension control in KD,[13,16] the control rates decreased 
markedly to 30% among those treated (data not shown). 

Factors associated with care of comorbid dyslipidaemia 
and hypertension
In the multivariable logistic regression analyses, detection of 
dyslipidaemia was higher in mixed ancestry v. black participants 
(OR 2.00, 95% CI 1.11 - 3.57), the employed v. unemployed, and 
with obesity v. non-obese (OR 2.17, 95% CI 1.15 - 4.07) (Table  4). 
Participants with hypertension, compared with those without, were 
more likely to have detected dyslipidaemia with the odds greater 
for controlled (OR 6.66, 95% CI 3.31 - 13.39) v. uncontrolled 
hypertension (OR 2.71 95% CI 1.31 - 5.61). KD, both controlled 
and uncontrolled, v. normoglycaemia was associated with detected 
dyslipidaemia; the greatest odds were for controlled KD (OR 11.17, 
95% CI 4.22 - 29.6).
The likelihood of being treated for dyslipidaemia among those who 
were detected was associated with being less sedentary (OR 2.9, 95% 
CI 1.11 - 7.55) and having KD, both controlled (OR  7.14, 95% CI: 
1.88 - 27.2) and uncontrolled (OR 3.94, 95% CI 1.68 - 9.27) (Table 4). 
Dyslipidaemia control among those who were treated was lower in 
mixed ancestry v. black participants (OR 0.37, 95% CI 0.18 - 0.75) 
and higher in those with >7 years of education (OR 1.94, 95% CI 
1.01  - 3.72) and who were less sedentary (OR 6.17, 95% CI 1.38 - 
27.67). For comorbidities, only controlled KD (OR 5.89, 95% CI 
1.78 - 19.46) was associated with controlled dyslipidaemia. 

Detection of hypertension was higher in participants with 
controlled dyslipidaemia compared to those without dyslipidaemia 

(OR 4.68, 95% CI 1.14 - 19.15), and in KD, both controlled (OR 6.4, 
95% CI 1.29 - 31.65) and uncontrolled (OR 6.91, 95% CI 2.25 - 
21.22) (Table  5). Current smokers v. non-smokers were less likely 
to have their hypertension detected (OR 0.39, 95% CI 0.17 - 0.93). 
The likelihood of being treated for hypertension, once detected, was 
only associated with controlled dyslipidaemia v. no dyslipidaemia 
(OR 4.46, 95% CI 1.65 - 12.07). Hypertension control among those 
treated was better in participants with uncontrolled KD (HbA1c 
>7%) v. normoglycaemia (OR: 2.05, 95% CI 1.04 - 4.02).

Discussion 
To our knowledge, this is the first community-based study to 
describe the management and associations of dyslipidaemia and 
hypertension by glycaemic status in urban South Africans. This 
study generally highlights the better management of cardiometabolic 
comorbidities in the presence of two or more conditions, and if the 
comorbidity is controlled. Dyslipidaemia detection was more likely in 
the presence of hypertension and KD, while dyslipidaemia treatment 
was better with KD, and dyslipidaemia control was associated with 
controlled KD. Hypertension detection was higher in participants 
with controlled dyslipidaemia and KD, hypertension treatment was 
better with controlled dyslipidaemia, while hypertension control was 
related to uncontrolled KD. 

These study findings emphasise the better management of 
cardiometabolic comorbidities in participants who were likely in 
regular contact with healthcare services. Participants with KD generally 
had better management of their dyslipidaemia and hypertension 
than their counterparts. Although these comparisons were done 
using general cut-off points for optimal control and not those 
specific for KD, the better detection and treatment of hypertension 
and dyslipidaemia in KD compared with their counterparts is 
unsurprising. The guidelines on diabetes care emphasise the need for 
greater rigour in the management of hypertension and dyslipidaemia 
in patients with, rather than without, diabetes. For example, the SA 
Department of Health primary care guidelines dictate that 10  mg 
simvastatin should be given to diabetes patients irrespective of 
their cholesterol level if they have CVD, hypertension, obesity, are 
>40 years old and/or smoke.[17] 

It is concerning that a high proportion (about two-thirds or 
more) of participants who identified as high risk for diabetes 
had dyslipidaemia but low rates of detection, treatment and 

Table 3. Management of dyslipidaemia and hypertension presented by glycaemic status (N=618)

Characteristic All, N (%)
Normoglycaemia, 
n (%)

Newly diagnosed 
diabetes, n (%)

Known diabetes, 
n (%) p-value

n 618 (100) 209 (30) 70 (9) 339 (38)
Dyslipidaemia

Prevalence 471 (76.2) 138 (66.0) 52 (74.3) 281 (82.9) <0.001
Detected 307 (65.2) 49 (35.5) 19 (36.5) 239 (85.1) <0.001
Treatment among the detected 246 (81.1) 30 (61.2) 12 (63.2) 204 (85.4) <0.001
Control among the treated 132 (53.7) 13 (43.3) 4 (33.3) 115 (56.3) <0.001

Hypertension 
Prevalence 485 (78.5) 137 (65.6) 45 (64.3) 303 (89.4) <0.001
Detected 445 (91.8) 110 (80.3) 40 (88.9) 295 (97.4) <0.001
Treatment among the detected 379 (85.2) 82 (74.5) 31 (77.5) 266 (90.2) <0.001
Control among the treated 251 (66.2) 50 (61.0) 16 (51.6) 185 (69.5) 0.005

Dyslipidaemia: low-density lipoprotein cholesterol (LDL-C) >3  mmol/L or previously diagnosed, or on lipid-lowering drug therapy. Detected dyslipidaemia: having a known diagnosis of 
dyslipidaemia from a medical professional or taking lipid-lowering drugs. Treatment among the detected: participants who are on lipid-lowering drug therapy among those who were previously 
detected. Control among participants treated for dyslipidaemia: LDL-C ≤3  mmol/L in participants on lipid-lowering drugs. Hypertension: BP ≥140/90 mmHg, or previously diagnosed with 
hypertension or taking antihypertensive medication. Detected hypertension: those with a previous diagnosis of hypertension or on antihypertensive medication. Treatment among the detected: 
participants taking medication for hypertension among those who were previously detected. Control among participants treated for hypertension: BP <140/90  mmHg in participants on 
antihypertensive drugs. 
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control. Additionally, despite high rates of detection, hypertension 
treatment and control were suboptimal in these high-risk 
individuals. A community-based study conducted a decade 
ago in similar townships in Cape Town reported poor control 
of diabetes, hypertension and dyslipidaemia and attests to the 

longstanding nature of this problem.[18-20] While the SA government 
has acknowledged the need to address the rising burden of CVD 
risk factors with policies and guidelines related to the control of 
these risk factors being developed, translating them into effective 
programmes remains elusive and challenging.[21] 

Table 4. Multivariable logistic regression analyses on the factors associated with detected, treated and controlled dyslipidaemia*

Characteristic
Detected† Treated‡ Controlled§

OR (95% CI) p-value OR (95% CI) p-value OR (95% CI) p-value
Age

≥55 years 1.00 1.00 1.00
<54 years 1.28 (0.65 - 2.54) 0.477 1.01 (0.96 - 1.06) 0.068 0.78 (0.29 - 2.07) 0.615

Sex
Male 1.00 1.00 1.00
Female 1.62 (0.75 - 3.51) 0.218 1.90 (0.77 - 4.66) 0.132 0.7 (0.25 - 1.92) 0.488

Race
Black 1.00 1.00 1.00
Mixed race 2.00 (1.11 - 3.57) 0.020 1.18 (0.59 - 2.38) 0.674 0.37 (0.18 - 0.75) 0.005

Education
≤7 years 1.00 1.00 1.00
>7 years 1.66 (0.92 - 3.01) 0.095 1.37 (0.7 - 2.68) 0.331 1.94 (1.01 - 3.72) 0.046

Employment status
Employed 1.00 1.00 1.00
Unemployed 0.44 (0.21 - 0.89) 0.023 0.97 (0.39 - 2.45) 0.664 2.03 (0.85 - 4.83) 0.110
Pension/on grant 0.63 (0.26 - 1.52) 0.300 1.32 (0.41 - 4.3) 0.297 0.45 (0.13 - 1.51) 0.195

Household income (ZAR)
0 - 1 600 1.00 1.00 1.0
1 601 - 3 200 0.66 (0.36 - 1.23) 0.195 0.99 (0.47 - 2.05) 0.990 0.66 (0.33 - 1.32) 0.243
> 3 201 0.53 (0.25 - 1.12) 0.095 0.81 (0.33 - 1.99) 0.621 0.94 (0.39 - 2.29) 0.893

Housing type
Built formal/privately owned 1.00 1.00 1.00
Council house 0.66 (0.37 - 1.20) 0.175 0.85 (0.42 - 1.74) 0.615 1.07 (0.55 - 2.06) 0.849
Informal shack 0.78 (0.34 - 1.78) 0.559 1.15 (0.39 - 3.41) 0.624 0.94 (0.31 - 2.8) 0.908

Sedentary time (min/week)
≥450 1.00 1.00 1.00
<450 1.39 (0.58 - 3.31) 0.461 2.90 (1.11 - 7.55) 0.031 6.17 (1.38 - 27.67) 0.017

Smoking status
Non-smoker 1.00 1.00 1.00
Current smoker 0.83 (0.43 - 1.61) 0.580 1.44 (0.62 - 3.34) 0.368 1.91 (0.83 - 4.39) 0.129

Alcohol use status
Non-consumer 1.00 1.00 1.00
Consumer 0.84 (0.48 - 1.45) 0.522 1.22 (0.62 - 2.39) 0.583 1.76 (0.92 - 3.35) 0.085

Body mass index
<30 kg/m2 1.00 1.00 1.00
 ≥30 kg/m2 2.17 (1.15 - 4.07) 0.016 1.26 (0.61 - 2.58) 0.537 1.01 (0.51 - 1.98) 0.984

Hypertension status
No hypertension 1.00 1.00 1.00

Hypertension, BP <140/90 mmHg 6.66 (3.31 - 13.39) <0.001 1.58 (0.53 - 4.7) 0.376 0.72 (0.21 - 2.53) 0.614
Hypertension, BP ≥140/90 mmHg 2.71 (1.31 - 5.61) 0.007 1.24 (0.39 - 3.96) 0.645 0.63 (0.16 - 2.41) 0.499

Glycaemic status
Normoglycaemia 1.00 1.00 1.00
Newly diagnosed diabetes 1.30 (0.59 - 2.86) 0.511 1.16 (0.35 - 3.85) 0.959 0.48 (0.1 - 2.38) 0.371
Known diabetes, controlled HbA1c <7% 11.17 (4.22 - 29.6) <0.000 7.14 (1.88 - 27.20) 0.005 5.89 (1.78 - 19.46) 0.004
Known diabetes, uncontrolled HbA1c ≥7% 10.29 (5.21 - 20.32) <0.000 3.94 (1.68 - 9.27) 0.001 2.22 (0.84 - 5.87) 0.109

OR = odds ratio; CI = confidence interval; BP = blood pressure.
*Dyslipidaemia defined as low-density lipoprotein cholesterol (LDL-C) > 3 mmol/L or previously diagnosed, or on lipid-lowering drug therapy.
†Detected dyslipidaemia: having a diagnosis of dyslipidaemia from a medical professional or taking medication. 
‡Treated dyslipidaemia among those participants who were detected. 
§Control of treated dyslipidaemia among those participants on lipid-lowering drugs with LDL-C ≤3 mmol/L. 
Hypertension defined as BP ≥140/90 mmHg, or previously diagnosed with hypertension or taking antihypertensive medication; no hypertension: BP<140/90 mmHg and no previous diagnosis of 
hypertension and not taking antihypertensive drugs; hypertension, controlled: previous diagnosis of hypertension or taking antihypertensive medication and BP <140/90 mmHg; hypertension, 
uncontrolled: previous diagnosis of hypertension or taking antihypertensive medication and BP ≥140/90 mmHg.
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Most disturbing were the low rates of diabetes control, with only one 
in five KD patients controlled; notably, this was despite their better 
rates of dyslipidaemia and hypertension control compared with their 

counterparts. That the majority (three-quarters) of KD participants 
with treated dyslipidaemia and hypertension had these controlled 
while diabetes was poorly controlled underscores the difficulty 

Table 5. Multivariable logistic regression analyses on the factors associated with detected, treated and controlled hypertension*

Characteristic
Detected† Treated‡ Controlled§

OR (95% CI) p-value OR (95% CI) p-value OR (95% CI) p-value
Age

≥55 years 1.00 1.00 1.00
<54 years 2.20 (0.79 - 6.13) 0.131 1.61 (0.79 - 3.28) 0.189 1.26 (0.66 - 2.41) 0.485

Sex
Male 1.00 1.00 1.00
Female 1.92 (0.72 - 5.12) 0.195 1.32 (0.6 - 2.89) 0.489 0.65 (0.3 - 1.41) 0.278

Race
Black 1.00 1.00 1.00
Mixed race 0.81 (0.34 - 1.93) 0.629 0.96 (0.49 - 1.9) 0.908 0.85 (0.49 - 1.47) 0.554

Education
≤7 years 1.00 1.00 1.00
 >7 years 1.62 (0.69 - 3.79) 0.264 0.9 (0.47 - 1.75) 0.765 1.39 (0.83 - 2.32) 0.207

Employment status
Employed 1.00 1.00 1.00
Unemployed 1.60 (0.53 - 4.82) 0.401 0.73 (0.32 - 1.67) 0.455 0.89 (0.46 - 1.73) 0.723
Pension/on grant 1.63 (0.48 - 5.56) 0.432 0.45 (0.18 - 1.1) 0.081 0.68 (0.3 - 1.55) 0.356

Household income ZAR/month
0 - 1 600  
1 601 - 3 200 0.66 (0.26 - 1.71) 0.396 0.79 (0.39 - 1.63) 0.530 1.17 (0.67 - 2.05) 0.580
>3 200 0.64 (0.23 - 1.79) 0.391 0.9 (0.39 - 2.1) 0.811 1.52 (0.75 - 3.11) 0.247
Housing type
Built formal/privately owned 1.00 1.00 1.00  
Council house 1.84 (0.77 - 4.37) 0.169 1.42 (0.72 - 2.82) 0.309 1.26 (0.73 - 2.18) 0.412
Informal shack 1.93 (0.6 - 6.16) 0.268 1.43 (0.59 - 3.46) 0.422 1.13 (0.53 - 2.41) 0.760

Sedentary time
≥450 min/week 1.00 1.00 1.00
<450 min/week 0.19 (0.02 - 1.56) 0.123 1.47 (0.62 - 3.47) 0.379 1.67 (0.72 - 3.89) 0.233

Smoking status
Non-smoker 1.00 1.00 1.00
Current smoker 0.39 (0.17 - 0.93) 0.033 0.59 (0.29 - 1.21) 0.152 0.67 (0.35 - 1.3) 0.238

Alcohol use status
Non-consumer 1.00 1.00 1.00
Consumer 1.43 (0.65 - 3.18) 0.377 1.65 (0.91 - 3.02) 0.101 1.04 (0.62 - 1.75) 0.874

Body mass index
<30 kg/m2 1.00 1.00 1.00
≥30 kg/m2 0.71 (0.24 - 2.08) 0.536 0.93 (0.45 - 1.89) 0.836 1.05 (0.6 - 1.83) 0.870

Dyslipidaemia status
No dyslipidaemia 1.00 1.00 1.00
�Dyslipidaemia, controlled 
(LDL‑C ≤3 mmol/L)

4.68 (1.14 - 19.15) 0.032 4.46 (1.65 - 12.07) 0.003 0.97 (0.45 - 2.1) 0.948

�Dyslipidaemia, uncontrolled 
(LDL‑C >3 mmol/L)

2.03 (0.86 - 4.82) 0.108 1.59 (0.78 - 3.22) 0.199 1.15 (0.56 - 2.37) 0.705

Glycaemic status
Normoglycaemia 1.00 1.00 1.00
Newly diagnosed diabetes 1.95 (0.63 - 6) 0.247 1.42 (0.54 - 3.74) 0.475 0.73 (0.3 - 1.78) 0.488
Known diabetes (HbA1c ≤7%) 6.40 (1.29 - 31.65) 0.023 2.80 (0.92 - 8.47) 0.069 1.95 (0.84 - 4.55) 0.121
Known diabetes (HbA1c >7%) 6.91 (2.25 - 21.22) 0.001 1.65 (0.79 - 3.45) 0.187 2.05 (1.04 - 4.02) 0.037

OR = odds ratio; CI = confidence interval; LDL-C = low-density lipoprotein cholesterol.
*Hypertension defined as: BP ≥140/90 mmHg, or previously diagnosed with hypertension or taking antihypertensive medication. 
†Detected hypertension: has a diagnosis of hypertension from a medical professional or taking medication. 
‡Treated: treatment of hypertension with medication among those participants who were detected.
§Control of treated hypertension among those participants on medication for hypertension and BP <140/90 mmHg. 
Dyslipidaemia defined as: LDL-C >3 mmol/L or previously diagnosed, or on lipid-lowering drug therapy. No dyslipidaemia defined as LDL-C ≤3 mmol/L, no previous dyslipidaemia diagnosis 
and not taking lipid lowering drugs. Dyslipidaemia controlled: previous dyslipidaemia diagnosis or taking lipid-lowering drugs with LDL-C ≤3 mmol/L; dyslipidaemia uncontrolled: previous 
dyslipidaemia diagnosis or taking lipid-lowering drugs with LDL-C >3 mmol/L.
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in achieving optimal glucose control and the need for innovative 
strategies to improve care. Poor glucose control has been reported 
in other SA studies; only 27% of patients treated for diabetes at 12 
primary care clinics in Tshwane had HbA1c <7%,[22] and even fewer 
patients were controlled in other centres (≤11%).[23,24]

Attaining and maintaining optimal diabetes management is a 
complex process influenced by healthcare systems (e.g. overcrowded 
facilities), healthcare provider (e.g. inertia in prescribing insulin when 
required) and patient factors (e.g. non-adherence to medication, diet, 
etc.),[3] with no single best approach identified for ideal care.[24] 
However, it is the responsibility of the healthcare system to lead the 
programme of care for diabetes and other chronic diseases.[24] The 
low levels of diabetes control in this study underscore the failure of 
the healthcare system in SA to meet the needs of individuals with 
diabetes. Despite the high burden of chronic diseases, including 
multimorbidity, the SA healthcare system is designed to manage 
mainly acute conditions. The healthcare system needs to adapt 
to address the challenges linked to the ever-increasing demand 
for chronic care provision.[25] Improvements in outcomes require 
adjustments to the process of care; however, the challenge is to 
identify the appropriate programme to improve the quality and 
efficiency of diabetes care. 

Optimal chronic disease care, particularly for the diabetes patient, 
requires a holistic approach beyond the care currently provided 
by the SA healthcare system. This involves a refocusing of the 
management strategy to a community-based approach rather than 
the current facility-based model.[26] Patients with diabetes and 
other cardiometabolic diseases likely require constant education, 
engagement, encouragement and support to maintain healthy 
lifestyles. These may be provided using a chronic care model 
where close linkages exist between the healthcare system and 
community activities.[25] Such a patient-centred approach with a focus 
on patient self-efficacy for self-management is crucial for successful 
behavioural change relating to diet, physical activity, adherence to 
medication, etc. A different model of care is urgently needed to 
improve cardiometabolic disease control in this study population, 
and implementing such a strategy may likely improve their disease 
outcomes. 

Participants with KD had significantly higher triglyceride levels 
compared with those with normoglycaemia, which likely reflects the 
dyslipidaemia pattern associated with diabetes, i.e. high triglyceride 
and low HDL-C levels.[27] However, HDL-C levels in participants 
with KD were similar to those with normoglycaemia, which may 
be a function of the significantly higher obesity levels in the latter. 
The dyslipidaemia pattern linked to obesity is one of atherogenic 
dyslipidaemia, similar to diabetes, and characterised by high 
triglycerides and low HDL-C levels.[27] Notably, participants with 
NDD, who had similar BMI levels to those with normoglycaemia, 
had the characteristic pattern of atherogenic dyslipidaemia compared 
with the latter, i.e. higher triglyceride and lower HDL-C levels. 
Unlike dyslipidaemia, there were no significant differences in the 
detection, treatment and control of hypertension by population 
group. Hypertension was widespread in both communities (mixed 
ancestry: 57 - 58%, black: 41 - 44%),[28] which may account for the 
similarities in management. Interestingly, although hypertension 
screening was more likely with KD, this did not translate into higher 
rates of treatment among those detected with KD compared with 
their counterparts. Nevertheless, hypertension control among the 
detected was more likely in participants with KD, albeit uncontrolled 
and not controlled KD. This is likely a function of the low numbers 
of controlled KD (n=69) and even fewer participants with controlled 
hypertension in this group.

The absence of a significant association between sedentary activity 
and hypertension management is unsurprising, because the former 
is not considered a predictor of care. Similarly, because of free access 
to hypertension care in SA in the public health sector, neither was 
an association between unemployment and hypertension expected. 
The significant association of uncontrolled diabetes with controlled 
hypertension is likely a spurious finding and should be explored in 
studies with larger sample sizes. 

Strengths and limitations 
The inclusion of a large sample of community-based participants, 
particularly with diabetes, is a strength of this study, which 
enabled exploration of cardiometabolic disease care in free-living 
individuals. The low proportion of men (18%) was unsurprising and 
is a characteristic of epidemiological studies in SA, likely due to their 
reluctance to participate. This was a convenience sample, which may 
reflect self-selection of participants who were more concerned about 
their health, and hence were better managed for their cardiometabolic 
diseases, with more frequent contact with healthcare services. Due 
to small numbers, the study was likely underpowered for some 
subgroup analyses, particularly in participants with NDD. The 
BP described was measured at a single visit, which may have led 
to the overestimation of hypertension. Nevertheless, the SA-DPP 
participants had their BPs measured during the community-based 
screening phase where raised BP levels would have identified them 
as being at high risk and for potential inclusion in this study. The 
findings of this study are specific for high-risk populations and may 
not be generalised to low-risk individuals receiving care for a single 
cardiometabolic disease, e.g. a young hypertensive patient with no 
other CVD risk factors. The influence of the healthcare service, 
health provider and patient factors were not explored in this study, 
which would likely have provided greater insights into the barriers 
and facilitators of cardiometabolic disease care. However, that was 
beyond the scope of the current study, and most contributors in this 
setting are already well established.[3] 

Conclusion
Diabetes control was suboptimal, and requires better management in 
participants with KD. Nevertheless, hypertension and dyslipidaemia 
were higher and better managed in KD than their counterparts, likely 
because of their regular contact with healthcare services for their 
diabetes management. This highlights the need for different strategies, 
with possibly an emphasis on a community-based chronic care model 
and patient self-management. This may lead to improvements in 
glucose control in KD, earlier identification of NDD and closer 
monitoring and prevention of diabetes in high-risk individuals. 
It would also be important to improve care of hypertension and 
dyslipidaemia in those without KD. Otherwise, the inability to 
improve chronic care provision for cardiometabolic diseases in SA 
will possibly further compromise sustainable economic development 
and equitable outcomes as the cardiometabolic disease epidemic 
escalates in the country. 
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FIND OUT HOW YOU CAN WORK WITH US:
VISIT: MSF.ORG.ZA/WORK-WITH-US

The significance of 
community engagement 
in times of need

Awa Abdou, Doctors Without Borders (MSF) Nurse Activity 
Manager, has earned the affectionate nickname “Nyan Abyei” 
or the “Lady of Abyei” from the local community of Abyei 
region on the border between Sudan and South Sudan. Awa 
has been working at the Abyei Project and has seamlessly 
integrated into the community, where she is embraced as one 
of their own. She is responsible for training local volunteers, 
supplying vital medication, and providing comprehensive 
supervision to ensure the team meets their objectives.

Awa’s role extends to training community volunteers in testing 
for malaria and identifying warning signs of the disease. These 
dedicated volunteers educate the community on what to do if 
they feel ill, what symptoms to look out for and when to seek 
help. Their efforts play a crucial role in preventing the further 
spread of disease within Abyei. Trained community volunteers 
provide a sturdy foundation for disease prevention in the region, 
contributing to the overall success of the Abyei project.

In collaboration with local authorities, MSF provides health 
promotion and Integrated Community Case Management in 17 
sites. The operation focuses on diagnosing and treating malaria, 
addressing cases of diarrhoea and screening for malnutrition. 
Fully equipped with Rapid Diagnostic Tests and following a 
detailed protocol, the team provides immediate care despite the 
constant challenges posed by the threat of flooding and violence. 
Their efforts have had a significantly positive impact on the 
people in need. 

In our patients’ smiles and 
gratitude, we find our purpose. 
We are here to save lives, and 
that’s what we are doing.”
Awa Abdou, MSF Nurse Activity Manager,  
Abyei Project in South Sudan.
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