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Background Obesity is a well-documented risk factor for cardiovascular disease (CVD) in type 2 diabetes mellitus (T2DM), with
increasing evidence to suggest visceral adiposity as a greater risk factor for CVD than body mass index (BMI).
Objectives To determine a relationship between hypertension (HPT) and anthropometry in people living with diabetes (PLWD)
in an HIV endemic area.
Methods This was a retrospective study analysing data captured from standardised clinic sheets from the DM clinic at the Harry
Gwala Regional Hospital, Pietermaritzburg, South Africa, from January 1, 2019 to December 31, 2019.
Results Data from 957 PLWDwere used for the study, the majority of whom had T2DM (811; 86.2%). Approximately one-sixth of
the cohort had HIV infection (146; 15.3%). There was no significant difference in HPT prevalence between the HIV-uninfected
(77.9%) and PLWD who had HIV (PLWDHIV) (78.1%). Multivariate analysis revealed females with increased waist circumference
(WC) and waist-to-height ratio (WTHR) were 57.8 (95% CI 3.04–1096.33) (p = 0.007) and 87.2 (95% CI 4.88–1558.28) (p = 0.002)
times more likely to be hypertensive respectively. By contrast, only BMI in males was associated with HPT with a AOR 5.294
(95% CI 1.54 - 18.22) (p = 0.008). HIV status was non-contributory to anthropometry in predicting HPT in PLWD.
Conclusion Our study found that anthropometric indices are not all equal predictors of HPT. The authors advocate for local
guidance on gender-specific cut-offs on anthropometry in PLWD.
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Background
Diabetes mellitus (DM), a chronic metabolic disorder, has been
recognised as a major global public health burden.1 By 2030,
the number of adults with type 2 diabetes (T2DM) is expected
to increase faster in low- to middle-income countries (LMICs)
than in high-income countries (20%).2

Cardiovascular disease (CVD) is the leading cause of death world-
wide.3 T2DM is associated with increased cardiovascular morbid-
ity and mortality.4 Patients with T2DM have a two- to fourfold
increase in risk of incident coronary heart disease ischaemic
stroke and mortality. Hypertension (HPT), DM, dyslipidaemia
and obesity are all well-documented modifiable risk factors for
CVD.4 Importantly, obesity is an independent risk factor for
CVD, most notably HPT.5–7 Patients with T2DM are generally
more obese and have a greater number of cardiovascular risk
factors when compared with patients without T2DM.4,5 Weight
loss is considered a key measure to the management of
T2DM.6,7 Increasing evidence suggests that visceral adiposity is
a greater risk for CVD than body mass index.4,5 Current evidence
on anthropometric indices as a predictor for HPT remain unclear
in PLWD. Most studies have described these indices in non-dia-
betic patients, which is not amenable to the PLWD profile.

Fat accumulation is generally described by these indices: waist
circumference (WC), body mass index (BMI), and waist-to-height
ratio (WTHR). 8 BMI is a simple index of weight-for-height that is
commonly used to classify obesity in adults.13 Globally, studies
have found that patients with excess visceral adiposity, irrespec-
tive of their BMI, had increased cardiovascular risk.8,9 In LMICs,

the relationship between BMI and CVD displays vast heteroge-
nicity as a result of both genetic and biological factors.10

Despite its limitations, BMI has been adopted as a simple tool
to categorise patients into risk groups.11

Both DM and human immunodeficiency virus (HIV) infection are
independently associated with an increased risk of atherosclero-
sis.12,13 Whether HIV infection is associated with increased DM
risk, relative to uninfected controls, has been debated. Among
large cohort studies, some have found an association of HIV with
a higher risk of DM14,15 while others have reported a similar16 or
even lower risk17 compared with those who are uninfected. It is
proposed that the combined effects of the chronic inflammation
milieu caused by the HIV and the associated metabolic effects of
antiretroviral therapy (ART) can increase cardiovascular risk.18

When compared with BMI, studies have shown that WC is a
more effective measure of body fat distribution.19,20 However,
WC remain uncertain in certain populations. In 2020, Xing
et al. stated that WC was not a sufficient predictor of major car-
diovascular adverse events in female T2DM patients as com-
pared with their male counterparts.21 Patients with T2DM
tend to be more obese, hence research from non-diabetic
populations may not correlate well in patients with T2DM.22

WTHR has been described to be cheaper, and lacks the need for
a scale and calibration with easier boundaries that may be used
from consumer-friendly charts as compared with BMI.19 WTHR
values of 0.5 or above may indicate increased cardiovascular
disease risk across sub-populations.23
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Obesity is a well-documented risk factor for CVD, with increas-
ing evidence to suggest visceral adiposity as a greater risk for
CVD than BMI. Current evidence on anthropometric indices as
a predictor for cardiovascular risk remain unclear in PLWD.
Most studies describe anthropometric indices in general
cohorts rather than in PLWD.

The purpose of this retrospective study was to determine
whether all anthropometric indices, namely WC, WTHR or BMI,
were equal predictors of HPT in PLWD in an HIV endemic
area. As highlighted, a cheaper cost-effective tool to measure
obesity can help prevent HPT and resultant complications in
PLWD. This is particularly attractive in LMICs where community
interventions need to be cost-effective to be sustainable.

Methods

Study design
A retrospective, analytical cohort study was performed using
data collected from patients who attend a specialised diabetes
clinic at the Harry Gwala Regional Hospital, Pietermaritzburg,
KwaZulu-Natal. Clinicians used a standardised, comprehensive
clinic sheet for all patients consulted in this clinic, which has
been approved by the University of KwaZulu-Natal Biomedical
Research and Ethics Committee (BREC)—BCA 194/15. The data
for this study included all patients 18 years or older who
attended the diabetes clinic between January 1, 2019, and
December 31, 2019.

Patient demographics, family history of DM, mean glycated
haemoglobin (HbA1c %), random blood glucose (mmol/l),
HIV status, type of DM (Type 1 or 2), total cholesterol (TC)
(mmol/l), triglyceride level (mmol/l), high-density lipoprotein
(HDL) (mmol/l), low-density lipoprotein (LDL) (mmol/l), blood
pressure (mmHg), GFR (glomerular filtration rate), social
factors (diet adherence, exercise) were recorded. The presence
of microvascular complications of DM (nephropathy, peripheral
neuropathy, proliferative and non-proliferative retinopathy) and
macrovascular complications of DM (stroke or cerebrovascular
accident [CVA]), ischaemic heart disease (IHD) and myocardial
infarction (MI) was also recorded.

Weight, height, WC, WTHR and BMI were measured by trained
healthcare workers following standardised protocols, as set by
the World Health Organization (WHO).24 To perform height,
weight and BMI readings, the Adam® Equipment MDW-300L
scale (Adam Equipment Co, Milton Keynes, UK) was used. The
patient’s WC was taken at the end of normal expiration with a
measuring tape at a point midway between the lower ribcage
and the superior iliac crest in the midaxillary line. BMI was cal-
culated as weight in kilograms divided by the square of
height in metres. WTHR was calculated as WC (cm) divided by
height (cm). Three measurements were taken for all indicators,
and the averages were used for further analyses.

The values were categorised according to standardised guide-
lines. BMI (kg/m2) was calculated and recorded in four cat-
egories defined with overweight as > 25 kg/m2, 30–34.9 (Class
1 obesity), 35–39.9 (Class 2obesity), ≥ 40 (Class 3 obesity).24

Abnormal WC was classified as > 94 cm for males and
> 90 cm for females.25 According to a systemic review, the
mean boundary values for WTHR covering all cardiometabolic
outcomes from studies in 14 different countries and including
Caucasian, Asian and Central American subjects were 0.5 for

both men and women, hence this was used in this study as a
cut-off point for both men and women.26

Missing or incomplete or incorrectly completed data sheets
were not considered. Good glycaemic control was defined as
a HbA1c value < 7%.25 The Bio-Rad D-10 machine (Bio-Rad Lab-
oratories, Hercules, CA, USA) was used for analysing the HbA1c
values at the laboratory. Both the laboratory and the machines
are NGSP (National Glycohemoglobin Standardisation Pro-
gramme) accredited to maintain standardisation of HbA1c
results, while the random glucose measurement (mmol/l) was
determined using an Accu-Chek® glucometer (Roche, Basel,
Switzerland). Blood pressure (BP) and pulse were recorded
using a Mindray® VS-800 machine. BP was recorded, as
described in the 2014 South African hypertension guidelines.27

Raised TC was defined as≥ 4.5 mmol/l, triglycerides
≥ 1.7 mmol/l, LDL≥ 1.8 mmol/l.25 Reduced HDL was recorded
as < 1 mmol/l for males and < 1.2 mmol/l for females. 25 Abnor-
mal GFR < 60 was considered as chronic kidney disease (CKD). 28

Clinicians used a standardised, comprehensive clinic sheet for
all patients seen for consultation in this clinic, which has been
approved by the University of KwaZulu-Natal Biomedical
Research and Ethics Committee (BREC)—BCA 194/15. The data
cohort for this study included all patients 18 years or older
who attended the diabetes clinic between January 1, 2019,
and December 31, 2019.

Statistical analysis
Statistical analysis was conducted with numerical data using
ANOVA, while categorical data relationships were determined
using either chi-square or Fisher’s exact tests. A p-value < 0.05
was used as indicator of significance. Data were analysed by
the Statistical Package for the Social Sciences (SPSS) version
25 for Windows (IBM Corp, Armonk, NY, USA). We used standar-
dised reporting of non-parametric data as median throughout
the article as ± interquartile range (IQR).

Results

Epidemiology
Data of 957 PLWD were used for the study: T2DM (811; 86.2%).
T2DM was the most common type of DM in both PLWD and
those PLWD with HIV infection (PLWDHIV) (p < 0.001). Although
the proportion of the type of DM was similar between PLWD
and PLWDHIV, there was a greater number of PLWD with
T2DM (p < 0.001). Over two-thirds (69.4%) of PLWD were
female (p < 0.001). Approximately one-sixth of the cohort had
HIV infection (146; 15.3%). Of this cohort with DM, 129
(88.4%) were on a fixed-dose combination of anti-retroviral
therapy (ART) of which 65.1% were on the fixed dose combi-
nation of tenofovir, emcitribine and efavirenz.

PLWDHIV were significantly younger than their uninfected
counterparts (48.0 vs. 58.0 years, respectively, p < 0.001).
PLWDHIV had a shorter median duration of DM of 7.0 (2.0–
11.0) vs. 9.0 (3.0–17.0) years (p < 0.001) years as compared
with their uninfected counterparts.

Patients living with diabetes (PLWD): overall study
population
Anthropometric indices
The median BMI for PLWD was 32.0 (26.0–37.0). Three-quarters
(75.8%) of PLWD had a BMI≥ 25 kg/m2. The median WTHR for
PLWD was 0.66 (0.57–0.73) with 88.7% of PLWD having an
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Table 1: Characteristics of the study population

Item Number of participants (n = 957) % p-value

Age (years), median (IQR) 56.0 (44.0–64.0)

Gender:

• Females 664 69.4% < 0.001

• Males 293 30.6%

Duration of DM (years), median (IQR) 8.0 (3.0–15.0)

Diabetes type:

• Type 1 132a 13.8% < 0.001

• Type 2 825* 86.2%

Number (n) of patients:

• With HIV infection 146 15.3%

• On ART 129 88.4%

• On Tenofovir/emcitribine/efavirenz (Tribus®/Atrozia®) 84 65.1%

Following diet (n):

• Overall 807* 84.9% < 0.001

• Female 558 69.1%

• Male 249 30.9%

Following exercise (n):

• Overall 722* 75.9% < 0.001

• Female 495 68.6%

• Male 227 31.4%

With hypertension (n):

• Overall 746* 78% < 0.001

• Female 545 73.1%

• Male 201 26.9%

HbA1c %, median (IQR) 9.5 (7.7–11.2)

Number of patients with poor glycaemic control (HbA1C≥ 7%):

• Overall 761* 79.5% < 0.001

• Female 539 70.8%

• Male 222 29.2%

BMI (kg/m2), median (IQR)

• Overall 32.0 (26.0-37.0) < 0.001

• Female 34.0 (29.0-39.0)

• Male 27.0 (23.0-32.0)

Number of patients with BMI > 25:

• 25–29.9 (overweight) 192 21.9% 0.002

• 30–34.9 (Class 1 Obesity) 218 24.9%

• 35–39.9 (Class 2 Obesity) 162 18.4%

• ≥ 40 (Class 3 Obesity) 153 17.5%

WTHR, median (IQR):

• Overall 0.66 (0.57–0.73) < 0.001

• Female 0.69 (0.63–0.75)

• Male 0.57(0.49–0.63)

Number of patients with abnormal WTHR > 0.5:

• Overall 761* 88.7% < 0.001

• Female 572 75.2%

• Male 189 24.8%

Waist circumference (cm), median (IQR):

• Overall 105.0 (93.0–115.0) < 0.001

• Female 109.0 (99.0–118.0)

• Male 95.0 (81.0–106.5)

Number of patients with abnormal WC (M > 94 cm, F > 90 cm):

• Overall 716* 83.1% < 0.001

• Female 574 80.2%

(Continued )
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abnormal WTHR > 0.5. The median WC in PLWD was 105.0 cm
(93.0–115.0) with 83.1% of PLWD having an abnormal WC.
Females were found to have greater median BMI, WC and
WTHR than their male counterparts (p < 0.001) (Table 1).

Hypertension
Approximately four-fifths (78%) of the study population had
HPT (Table 1) with a greater number of females having HPT as

compared with males (p < 0.001) (Supplementary Table 1).
Increasing BMI≥ 25, abnormal WC and WTHR≥ 0.5 were all sig-
nificantly associated with the presence of HPT in both male (p <
0.001) and female PLWD (p < 0.001) (Supplementary Table 1). In
male PLWD a WC ≥ 94cm (p < 0.001) and a WTHR≥ 0.5 (p <
0.001) were significantly associated with HPT as compared
with male PLWD with WC < 94cm (p = 0.373) and WTHR < 0.5
(p = 0.204) (Supplementary Table 1).

Table 1: Continued.

Item Number of participants (n = 957) % p-value

• Male 142 19.8%

Total cholesterol(mmol/l), median (IQR):

• Overall 4.4 (3.6–5.3) < 0.001

• Female 4.6 (3.7–5.4)

• Male 4.1 (3.4–5.1)

Number of patients with raised TC≥ 4.5 mmol/l:

• Overall 436* 49.5% < 0.001

• Female 328 75.2%

• Male 108 24.8%

Triglyceride (mmol/l), median (IQR):

• Overall 1.5 (1.0–2.3) 0.409

• Female 1.6 (1.1–2.3)

• Male 1.5 (0.9–2.3)

Number of patients with raised triglyceride≥ 1.7 mmol/l:

• Overall 378* 43.2% < 0.001

• Female 271 71.7%

• Male 107 28.3%

LDL (mmol/l), median (IQR):

• Overall 2.4(1.8–3.1) 0.030

• Female 2.5(1.8–3.2)

• Male 2.2(1.7–3.0)

Number of patients with raised LDL≥ 1.8 mmol/l:

• Overall 420* 73.2% < 0.001

• Female 296 70.5%

• Male 124 29.5%

HDL (mmol/l), median (IQR):

• Overall 1.2 (1.0–1.4) < 0.001

• Female 1.2 (1.0–1.5)

• Male 1.1 (0.9–1.4)

Number of patients with reduced HDL < 1 mmol/l for male; < 1.2 mmol/l for female:∂

• Overall 315* 75.9% < 0.001

• Female 239 24.1%

• Male 76

Number of patients with cardiovascular complications (n):

• Previous CVA 32 3.3%

• Previous MI 6 0.6%

• IHD/angina 11 1.1%

• CKD Stage 4 (GFR < 60) 329 39.4%

Retinopathy (n):

• Proliferative 23 2.4%

• Non-proliferative 84 8.8%

Peripheral neuropathy (n) 374 39.1%

*Missing variables.
∂Percentage of patients with reduced HDL in each subgroup.
Keywords: BMI = body mass index; CVA = cerebrovascular accident (stroke); CKD = chronic kidney disease; DM = diabetes mellitus; HBA1C = glycated haemoglobin; HDL =
high-density lipoprotein; HIV = human immunodeficiency virus; IHD = ischaemic heart disease (angina); IQR = interquartile range; LDL = low-density lipoprotein; MI =
myocardial infarction; TC = total cholesterol; WC = waist circumference; WTHR = waist-to-height ratio; ART = antiretroviral therapy.
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Patients living with diabetes mellitus and HIV infection
(PLWDHIV)
The median BMI, WTHR and WC in PLWDHIV were 30.0 (26.0–
35.0), 0.63 (0.55–0.69) and 102.0cm (91.0–111.0) respectively
(Table 3). PLWDHIV were found to have a similar proportion
of participants who were overweight and had abnormal
WTHR as compared with their HIV-uninfected counterparts
(Table 3). There was a greater proportion of HIV-uninfected
PLWD with an abnormal WC as compared with PLWDHIV (p <
0.001) (Table 3).

Hypertension
There was a similar proportion of HPT in HIV-uninfected PLWD
(77.9%) as compared with PLWDHIV (78.1%) (Table 3). In both
HIV-uninfected PLWD and in PLWDHIV, an increasing BMI and
WTHR ≥0.5 were associated with HPT (p < 0.001) (Supplemen-
tary Table 2). Within the PLWDHIV cohort, significantly more
females with HPT had an abnormal WC > 80 cm (p < 0.001)
(see Supplementary Table 2). By contrast, for HIV-infected
males with HPT, WC was found to be non-significant (p =
0.330) as compared with HIV-uninfected males with HPT (p <
0.001) (see Supplementary Table 2).

Binary logistic regression (BLR)
BLR was performed on the data with HPT as the dependent vari-
able and each of BMI, WC and WTHR as independent variables
(Table 2). The table below also includes gender as a dependent
variable.

Overall analysis
After adjusting for the following variables: CVA (Stroke) (1 =
Yes), Peripheral Neuropathy (PN) (1 = Yes), Non-Proliferative
Retinopathy (1 = Yes), Proliferative Retinopathy (1 = Yes), HIV
Status (1 = Positive), Total Cholesterol (1≥ 4.5), Triglycerides
(1≥ 1.7), HDL (1≥ 1.2), LDL (1), Systolic BP (1≥ 140), Diastolic
BP (1≥ 90), GFR (1 = Abnormal), Exercise (1 = Yes) and Mean
HbA1c (1≥ 7) we showed that BMI, WC andWTHR remained sig-
nificant, but gender became non-significant (p = 0.578). Overall,
WTHR had the highest odds for predicting HPT in PLWD.
Despite a decrease in odds ratio after adjustment, the odds
for BMI, WC and WTHR remained significant. Furthermore, it
was found that the two main contributors to the adjustment
variables were raised systolic BP > 140 and CKD (GFR < 60) (Sup-
plementary Table 3).

Analysis by gender
Females only
Females with abnormal WC and WTHR were 14.6 and 22.6 times
more likely to be hypertensive respectively (p < 0.001) (Sup-
plementary Table 4). These odds were significantly increased
after adjustment. After adjustment, females with abnormal
WC and WTHR were 57.8 (p = 0.007) and 87.2 (p = 0.002) times

more likely to be hypertensive, respectively (Supplementary
Table 4). WTHR was found to have the greatest odds in predict-
ing HPT in female PLWD. After adjustment, increasing BMI in
females became non-significant for HPT (p = 0.087) (Sup-
plementary Table 4).

Males only
In the bivariate analysis, all anthropometric indices were signifi-
cantly associated with HPT in males (p < 0.001) (Supplementary
Table 5). After adjusting for dependent variables, only increas-
ing BMI was significantly associated with HPT in males (p =
0.008). Males with increasing BMI were 5.3 times more likely
to be HPT than those with normal BMI (Supplementary Table 5).

Effect of HIV on the multivariate analysis
Overall, HIV had no significant change in odds for HPT as com-
pared with HIV-uninfected PLWD for all three anthropometric
indices (Table 4).

Discussion
Globally, more than 90% of PLWD are categorised as T2DM.29

Our study results were in keeping with this finding, with
86.2% of PLWD having been diagnosed with T2DM (p <
0.001). In 2020, a report on the global burden of DM found
males to have a higher prevalence of DM than females.30

Additionally, the age of onset of new diagnosis was shown to
be earlier among males with expected patterns of rising DM
prevalence with increasing age, and with an incidence peak at
55–59 years, in keeping with the median age of our study popu-
lation of 56.0 (44.0–64.0) years. Some 51% of patients were
found to be between 50 and 70 years old. This implies that
PLWD have a longer period of their lives potentially exposed
to the adverse cardiometabolic complications associated with
DM. An opportunity to be able to predict the risk of developing
CVD should be of high clinical priority in the management of
DM.

Our study showed that despite the majority of PLWD having
reported to have followed a diet (84.9%) and exercise
regimen (75.9%), respectively, more than three-quarters
(75.8%) of these PLWD were overweight (p = 0.002). The signifi-
cant majority (75.9%) of our patients were also found to have
poor glycaemic control.

The indices of truncal obesity in our study (WC and WTHR)
identified more PLWD with obesity (83.1% and 88.7% respect-
ively) when compared with BMI (82.6%). Body mass index is
widely used for the diagnosis of obesity.31 Research has demon-
strated that people with higher BMI are more likely to have
T2DM.32 Although BMI is the most used anthropometric
measurement in epidemiological studies to indicate obesity,
available evidence is pointing towards the better performance
of other measures of adiposity (this especially in sub-Saharan

Table 2: Overall bivariate and multivariate analysis including gender

Bivariate analysis Multivariate analysis

Variable Unadjusted OR CI Pearson Chi-Square Value p-value Adjusted OR CI p-value

BMI 3.607 2.49–5.23 49.506 < 0.001 2.494 1.30–4.80 0.006

WC 4.638 3.18–6.76 79.686 < 0.001 2.131 1.08–4.19 0.028

WTHR 7.582 4.83–11.91 95.823 < 0.001 3.009 1.38–6.55 0.005

Gender 0.477 0.35–0.66 21.486 < 0.001 0.852 0.48–1.50 0.578

Age 1.162 1.139-1.186 489.341 <0.001 1.120 1.090-1.151 <0.001

A chi-square test of independence was done for the bivariate analysis. Each of the independent conditions was significantly related to HPT (p < 0.001).
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Table 3: Characteristics of the HIV positive vs. negative PLWD

Item
HIV-negative (n =

811)
HIV-positive (n =

146)
p-

values

Age (years), median (IQR) 58.0 (44.0–66.0) 48.0 (42.0–54.0) < 0.001

Gender:

• Overall 811 (84.7) 146 (15.3%) < 0.001

• Females 568 (70.0) 96 (65.8%) < 0.001

• Males 243 (30.0) 50 (34.2%) < 0.001

Duration of DM (years), median (IQR) 9.0 (3.0–17.0) 7.0 (2.0–11.0) 0.004

Diabetes type:

• Type 1 115*(14.2%) 17 (11.6%) < 0.001

• Type 2 693 *(85.8%) 129 (88.4%) < 0.001

Following diet:

• Overall 675* (83.9%) 132* (90.4%) < 0.001

• Female 473 (70.1%) 85 (64.4%) < 0.001

• Male 202(29.9%) 47 (35.6%) < 0.001

Following exercise:

• Overall 603* (74.9%) 119* (81.5%) < 0.001

• Female 415 (68.8%) 80 (67.2%) < 0.001

• Male 188 (31.2%) 39 (32.8%) < 0.001

With hypertension:

• Overall 632* (77.9%) 114* (78.1%) < 0.001

• Female 469 (74.2%) 76 (66.7%) < 0.001

• Male 163 (25.8%) 38 (33.3%) < 0.001

HbA1c %, median (IQR):

• Overall 9.5 (7.8–11.2) 8.9 (7.2–11.1) 0.052

• Female 9.6 (7.8–11.4) 8.7 (7.1–11.2) 0.031

• Male 9.5(7.6–10.9) 9.4 (7.7–11.0) 0.905

Number of patients with poor glycaemic control (HbA1C≥ 7%):

• Overall 655* (86.1%) 106* (13.9%) < 0.001

• Female 469 (71.6%) 70 (66.0%) < 0.001

• Male 186 (28.4%) 36 (34.0%) < 0.001

BMI (kg/m2), median (IQR):

• Overall 32.0 (26.0–38.0) 30.0 (26.0–35.0) 0.049

• Female 34.0 (29.0–39.0) 32.5 (28.0–37.0) 0.149

• Male 27.0 (23.0–32.0) 27.0 (23.5–30.0) 0.862

Number of patients with BMI > 25:

• Overall 612* (82.6%) 112* (83.6) < 0.001

• 25–29.9 (overweight) 151 (20.4%) 41 (30.6%) < 0.001

• 30–34.9 (Class 1 Obesity) 181 (24.4%) 37 (27.6%) < 0.001

• 35-39.9 (Class 2 Obesity) 138 (18.6%) 23 (17.2%) < 0.001

• ≥ 40 (Class 3 Obesity) 142 (19.2%) 11 (8.2%) < 0.001

WTHR, median (IQR):

• Overall 0.66 (0.58–0.74) 0.63 (0.55–0.69) 0.008

• Female 0.70 (0.64–0.76) 0.68 (0.62–0.72) 0.007

• Male 0.57 (0.49–0.64) 0.55 (0.51–0.61) 0.527

Number of patients with abnormal WTHR > 0.5:

• Overall 643* (88.7%) 118* (88.7%) < 0.001

• Female 492 (96.5%) 80 (95.2%) < 0.001

• Male 151 (70.2%) 38 (77.6%) < 0.001

Waist circumference (cm), median (IQR):

• Overall 106.0 (94.0–116.0) 102.0 (91.0–111.0) 0.042

• Female 109.0 (99.0–119.0) 105.5 (97.0–114.0) 0.095

• Male 96.0 (80.0–107.0) 92.0 (86.0–103.0) 0.228

Number of patients with abnormal WC (M > 94 cm. F > 80 cm):

• Overall 616* (84.5%) 100* (75.2%) < 0.001

(Continued )
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Africa), such as WC and WTHR, in predicting CVD.24 A growing
body of evidence suggests that central obesity, or visceral adi-
posity, is a better predictor of cardiovascular risk in T2DM
than BMI.33 Central obesity could be associated with the
higher risk of T2DM prevalence in men, given that men are
more prone to android adiposity with greater abdominal adi-
posity, as compared with women who are more likely to
exhibit gynoid adiposity.34 However, there remain multiple

disparities in the levels of underweight and obesity across
African regions, for example in Southern African countries com-
prising Botswana35, Namibia36 and South Africa,37,38 countries
with the highest obesity index. In 2008, South Africa was
rated as the country with the highest BMI globally, with a
median population level score approximated at 26.9 kg/m2

among males (versus world average of 23.8 kg/m2),
and 29.5 kg/m2 among females (versus world average of

Table 3: Continued.

Item HIV-negative (n = 811) HIV-positive (n = 146) p-values

• Female 494 (79.9%) 80 (80.0%) < 0.001

• Male 122 (19.8%) 20 (20.0%) < 0.001

TC (mmol/l), median (IQR):

• Overall 4.3 (3.6–5.2) 4.9 (4.1–5.6) < 0.001

• Female 4.5 (3.7–5.3) 4.9 (4.2–5.5) 0.004

• Male 4.0 (3.4–5.0) 4.8 (3.7–5.8) 0.023

Number of patients with raised TC≥ 4.5 mmol/l:

• Overall 348* (46.8%) 88* (64.2%) < 0.001

• Female 268 (77.0%) 60 (68.2%) < 0.001

• Male 80 (23.0%) 28 (31.8%) < 0.001

Triglyceride (mmol/l), median (IQR):

• Overall 1.5 (1.0–2.3) 1.7 (1.2–2.6) 0.036

• Female 1.6 (1.0–2.3) 1.6 (1.1–2.4) 0.974

• Male 1.4 (0.9–2.1) 1.9 (1.4–3.0) < 0.001

Number of patients with raised triglyceride≥ 1.7 mmol/l:

• Overall 308* (41.6%) 70* (52.2%) < 0.001

• Female 233 (75.6%) 38 (54.3%) < 0.001

• Male 75 (24.4%) 32 (45.7%) < 0.001

LDL (mmol/l), median (IQR):

• Overall 2.3 (1.7–3.1) 2.6 (1.8–3.2) 0.079

• Female 2.4 (1.8–3.1) 2.7 (1.9–3.3) 0.167

• Male 2.1 (1.7–2.9) 2.4 (1.6–3.1) 0.811

Number of patients with raised LDL≥ 1.8 mmol/l:

• Overall 355* (72.7%) 65* (75.6%) < 0.001

• Female 249 (70.1%) 47 (72.3%) < 0.001

• Male 106 (29.9%) 18 (27.7%) < 0.001

HDL (mmol/l), median (IQR):

• Overall 1.2 (1.0–1.4) 1.3 (1.1–1.6) 0.002

• Female 1.2 (1.0–1.4) 1.4 (1.2–1.6) < 0.001

• Male 1.1 (0.9–1.3) 1.1 (0.9–1.5) 0.501

Number of patients with reduced HDL < 1 mmol/l for male; < 1.2 mmol/l for female:∂

• Overall 282* 33* < 0.001

• Female 218 (63.7%) 21 (47.7%) < 0.001

• Male 64 (37.4%) 12 (60.0%)

Number of patients with cardiovascular complications:

• Previous CVA 28 (3.5%) 4 (2.7%) < 0.001

• IHD/angina 11 (1.4%) 0 (0.0%) < 0.001

• Previous MI 5 (0.6%) 1 (0.7%) 0.102

• CKD (GFR < 60) 281 (40.0%) 48 (36.1%) < 0.001

Retinopathy:

• Proliferative 22 (2.7%) 1 (0.7%) < 0.001

• Non-proliferative 79 (9.7%) 5 (3.4%) < 0.001

Peripheral neuropathy 313 (38.6%) 61 (41.8%) < 0.001

*Missing variables.
∂Percentage of patients with reduced HDL in each subgroup.
Keywords: BMI = body mass index; CVA = cerebrovascular accident (stroke); CKD = chronic kidney disease; DM = diabetes mellitus; HBA1C = glycated haemoglobin; HDL =
high-density lipoprotein; HIV = human immunodeficiency virus; IHD = ischaemic heart disease (angina); IQR = interquartile range; LDL = low-density lipoprotein; MI =
myocardial infarction; TC = total cholesterol; WC = waist circumference; WTHR = waist-to-height ratio; ART = antiretroviral therapy.
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24.1 kg/m2), respectively. In South Africa, Goetjes et al. found
that men were 11.32% less likely to be obese than women,39

this more especially among the black African race. Our study
concurred with these findings and found that female PLWD
had higher median BMI, WC and WTHR as compared with
male PLWD (p < 0.001). Previous studies in America and
Europe have also documented a higher BMI among
females.40,41 In South Africa, rapid urbanisation characterised
by the adoption of unhealthy energy-dense diets and physical
inactivity have contributed to the steadily increasing obesity
epidemic, with 69% of women and 39% of men being classified
as overweight or obese.42 In African women, the prevalence of
T2DM doubled from 4.1% in 1980 to 8.9% in 2014.43 African
women are disproportionately affected by diabetes compared
with their male counterparts, often taking the position of
unpaid caregiver roles for affected family members in addition
to taking care of their own diabetes.44 Children born to diabetic
mothers are at an increased risk of developing T2DM in adult-
hood,45 thereby accelerating the intergenerational risk of
T2DM. Mapping the prevalence of T2DM in this population is
important as it has implications for future trends, as well as
allowing for monitoring of the burden of T2DM in Africa.

HPT remains the most important CVD risk factor globally, this
more especially in PLWD. The coexistence of HPT in DM has
been shown to increase the risk of death and overall cardiovas-
cular events by 44% and 41%, respectively, as compared with
7% and 9% in PLWD without HPT.46 Globally, rates of CVD in
patients without DM at all ages are higher in men than in
women.47 However, these CVD event rates are shown to be
similar among those women and men living with diabetes.48

We found that over three-quarters (78%) of PLWD had HPT
with 70.5% of female PLWD having HPT. In our study, abnormal
WC (p = 0.007) and WTHR (p = 0.002) had the highest odds in
predicting HPT in females, while BMI was shown to be the
best predictor of HPT in males (p = 0.008). Results of studies
from Asia support our findings with reports of a WTHR > 0.5
being a better predictor of HPT in PLWD as compared with
other indices.49–51 Similarly, in Brazil, Castanheira et al.52

found that a WTHR≥ 0.5 was a better predictor of HPT in
both sexes as a compared with other indices, while in Chile, a
study also found similar WTHR cut-off points of ≥ 0.59 in
females and ≥ 0.55 in males. 53 In contrast, a 2021 study from
Nigeria found a higher proportion of males with cardiovascular
risk factors as compared with females (38.2% vs 24.2%). They
found that BMI and WTHR had the highest area under curve
(AUC) of 0.613 and 0.577 respectively.54 However, this could
be region specific. Some earlier studies had suggested that
using a cut-off point of 0.5 for WTHR may not be suitable for

African black patients and the one-size fits all approach needs
to be reviewed.55,56 Our study found WTHR > 0.5 significant in
females in predicting HPT (p = 0.002), while non-significant in
males (0.053). This shows there can be disparities in gender
and ethnic populations using WTHR, especially amongst
African people.

WC is an easy-to-use, inexpensive measure of obesity. In our
study, WC was significantly associated with HPT in females
(p = 0.007) while non-significant in males (p = 0.156). Given
that women have a higher proportion of total subcutaneous
fat distribution as compared with men,57 the potential risk of
misclassification of women as having excessive visceral adi-
posity by using values of WC to predict other components of
the metabolic syndrome (METs)58 cannot be ignored. There is
a need to validate the WC≥ 94 cm for men and≥ 90 cm for
women observed in this present study for other sub-Saharan
African populations. Country, ethnic and gender-specific WC
cut-off points are needed, because adopting other WC criteria
to diagnose African black populations may either under- or
overestimate the presence of METs. A cross-sectional study in
Ghana found the prevalence of abdominal obesity was 77.0%
and was significantly higher in women than in men. They
showed a positive correlation between WC (r = 0.56, p <
0.001), female gender (r = 0.73, p < 0.001) and age (r = 0.20,
p < 0.001). Most studies in South Africa have demonstrated
the need for different WC thresholds in local populations.59–62

Isolated systolic hypertension is a major cardiovascular risk
factor at all ages and in both sexes.63 In our study the presence
of a GFR < 60 and elevated systolic blood pressure was found to
have significantly impacted our findings. Diabetic kidney
disease is a common complication of diabetes, is mediated by
hypertension and is associated with poor quality of life, multiple
hospital admissions and increased burden of disease.64

A 2010 report found that the prevalence of DM among HIV-
infected adults was 10.3% (95% CI 9.2–11.5%).65 The prevalence
of DM was also shown to be 3.8% (CI 1.8–5.8%) higher in HIV-
infected adults as compared with the adults in the general
population.43 Factors associated with this increased DM preva-
lence among HIV-infected adults included increasing age, dur-
ation of HIV infection, lower cluster of differentiation-4 (CD4)
cell count and obesity. There are reported lower BMI and
obesity rates in PLWDHIV in Africa ranging from 3.2% in Ethio-
pia,66 to 3.8% in Malawi67 and –8.3% in Nigeria68 Despite our
PLWDHIV having a lower median BMI (p < 0.049), WC (0.042)
and WTHR (0.002) as compared with their HIV-uninfected
counterparts, our study found substantially higher obesity
rates amongst PLWDHIV (83.6%) as compared with global
trends, which we attributed to the presence of DM. Similarly,
a recent South African study showed that obesity was signifi-
cantly more prevalent than in other African countries, especially
in women (40.8% vs. 28.3%) and among older women (> 30
years old) (p = 0.039).69 One theory proposed was that African
women with HIV preferred to be overweight as this was associ-
ated with improved ability to breast-feed.70

We found a greater proportion of PLWDHIV with hypertension
as compared with their HIV-uninfected counterparts (p <
0.001), and 65.8% of those were female (p < 0.001). This could
be explained by the fact that the majority of PLWDHIV included
in our study were on ART (88.4%). It is known that widespread
use of ART has significantly increased the life expectancy of
PLWDHIV, which supports an ageing HIV population who are

Table 4: Effect of HIV on multivariate analysis

Multivariate analysis

Variable Adjusted OR CI p-value

BMI Overall 0.958 0.443–2.072 0.958

Female 0.857 0.324–2.265 0.756

Male 1.045 0.245–4.467 0.952

Overall 1.045 0.481–2.268 0.912

WC Female 0.888 0.325–2.428 0.888

Male 1.660 0.385–7.156 0.496

Overall 0.984 0.452–2.140 0.968

WTHR Female 0.852 0.311–2.339 0.756

Male 1.324 0.313–5.605 0.703
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at risk of developing comorbidities such as DM that occur at
earlier ages than in the general population.71,72

Our study is the first to describe HPT and anthropometry specifi-
cally in PLWDHIV. Some studies in PLWHIV in Brazil have found
BMI to be a poor tool to identify each metabolic change separ-
ately but it was suggested that it is best to identify metabolic
syndrome as a whole.73 In Africa, BMI was significantly associ-
ated with HPT in Tanzania74 and Cameroon.75 Increased BMI
increases the risk of HIV patients developing DM.76 Increasing
the duration of patients on ART also increases the risk of
gaining weight and the risk factor for non-communicable dis-
eases (NCDs). Despite this, there was no significant difference
from anthropometric indices in predicting HPT in PLWDHIV in
our study. This could be due to smaller sample size in relation
to the study population.

Based on existing population projections, a study in Tanzania
and Uganda estimated that the economic health service
burden in people living with comorbidity (HIV and/or DM
and/or HPT) will go up by 21.5% (range, 19.3%, 23.4%) over
the next 5 years.77 An integrated one-stop management of
chronic conditions – specifically HIV, DM and HPT – which
could reduce costs per patient between 34% and almost 50%,
as compared with managing each condition separately, is
required, especially in LMICs in Africa.

Conclusion
Diabetes mellitus and hypertension remain major causes of pre-
mature cardiovascular morbidity and mortality globally, while
obesity is a well-documented risk factor for CVD, HPT and DM.
Our study found that anthropometric indices are not all equal
predictors of HPT. WC and WTHR were found to be better pre-
dictors of HPT in female PLWD while BMI was found to be a
better predictor of HPT in male PLWD. This is of clinical signifi-
cance in LMIC as simple anthropometric measures are cost-
effective, non-invasive and universally acceptable measures of
body habitus. This is especially useful in a resource-constraint
setting like South Africa. Disparities we found in this study by
gender in anthropometry are also important. We advocate
that local guidance on gender- and ethnic-specific cut-offs
needs to be devised to prevent over- or underestimation of car-
diovascular risk in PLWD. HIV status was non-significant with
regard to anthropometric indices in predicting hypertension
in PLWDHIV.

Study limitations — As this was a retrospective study no causal
relationships could be determined; rather, associations were
defined. The effect of ART on obesity and cardiovascular risk
in PLWDHIV could be further explored.
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