Open access Original research

Comparison of central obesity
prevalence among adults living with
and without HIV in Botswana: a cross-

BM)J Open

To cite: Moshomo T, Mawi M,
Williams CG, et al. Comparison
of central obesity prevalence
among adults living with and
without HIV in Botswana: a
cross-sectional study. BMJ Open
2025;15:€096170. doi:10.1136/
bmjopen-2024-096170

» Prepublication history

and additional supplemental
material for this paper are
available online. To view these
files, please visit the journal
online (https://doi.org/10.1136/
bmjopen-2024-096170).

Received 05 November 2024
Accepted 04 April 2025

| '.) Check for updates

© Author(s) (or their
employer(s)) 2025. Re-use
permitted under CC BY-NC. No
commercial re-use. See rights
and permissions. Published by
BMJ Group.

For numbered affiliations see
end of article.

Correspondence to

sectional study

Thato Moshomo,' Moagedi Mawi,? Christopher G Williams,®

Kesaobaka Molebatsi,® Tiny Masupe
Onkabetse Julia Molefe-Baikai
Tendani Gaolathe, ' Mosepele Mosepele

ABSTRACT

Objectives The aim was to establish the community
prevalence of central obesity in Botswana and assess its
association with HIV status.

Design We performed a one-time central obesity
assessment nested within a community-based cluster-
randomised controlled HIV treatment and prevention

trial (Botswana Combination Prevention Project (BCPP))
conducted in Botswana.

Setting The BCPP enrolled consenting adults from a
random sample of 20% of households in 30 rural/peri-
urban communities.

Participants A subset of participants from 22
communities was selected for a nested central obesity
study.

Primary and secondary outcome measures Central
obesity was defined as a waist-to-hip ratio (WHR)>0.90 for
males and >0.85 for females or as a waist circumference
(WC) =94 cm for males and >80 cm for females. A
modified Poisson regression model was used to ascertain
the association between central obesity and HIV status.
Additionally, the same model was used to estimate the
adjusted prevalence ratio (aPR) for central obesity among
participants with missing waist and hip measurements by
applying inverse probability weighting, and then adjusting
for sex and age in the final multivariate models.

Results Of the 3981 adults, 2039 (51%) completed
central obesity assessment (67% female, 29% people
living with HIV and median age 35.4 years (IQR 26.4-48.3
years). Central obesity prevalence was 43.5% (95% Cl
41.4% 1o 45.7%) and 50.8% (95% Cl 48.6% 0 52.9%)
as defined by WHR and WC, respectively, and was higher
among females than males by WHR (46.9% (95% CI
44.2% 10 49.5%) vs 36.7% (95% Cl 33.1% to 40.4%)) and
WC 68.5% ((95% Cl 65.9% to 70.9%) vs 15.1% (95% Cl
12.4% to 17.8%)) and increased with age. In fully adjusted
models, there was no difference in central obesity by HIV
status for both WHR and WC, aPR 0.99 (95% Cl 0.90 to
1.09), p value 0.88, and 0.93 (95% Cl 0.85 to 1.01), p
value 0.06, respectively.

Conclusion Over two-thirds of adult females in Botswana

,* Kutlo Manyake,® Shahin Lockman,®®
,! Atsile Leero," Joseph N Jarvis,>®

1,37

STRENGTHS AND LIMITATIONS OF THIS STUDY

= This study used a large, community-based sample
from rural and peri-urban settings, enhancing the
generalisability of findings to measure central obe-
sity by HIV status in Botswana.

= Central obesity was assessed using two established
criteria (waist-to-hip ratio and waist circumference),
allowing for a comprehensive evaluation.

= We had a high refusal rate for the central obesity as-
sessment among Botswana Combination Prevention
Project survey participants, with 49% of approached
individuals declining obesity measurements, which
may have introduced selection bias.

= We accounted for missing measurements by apply-
ing inverse probability weighting to reduce selection
bias.

= The lack of longitudinal data prevented an analysis
of the impact of antiretroviral therapy regimen and
duration on central obesity among people living with
HIV.

Trial registeration number NCT01965470.

INTRODUCTION

Background/rationale

Obesity is a major global health concern and
well-established risk factor for many chronic
diseases, including cardiovascular disease,
diabetes mellitus, chronic kidney disease and
malignancies." While body mass index is typi-
cally used as a general obesity index, excess
abdominal fat (also known as central obesity)
has a greater predictive value for health prob-
lems>® such as cardiometabolic diseases,
insulin resistance and diabetes mellitus, liver
disease, neurocognitive impairment and
malignancies.' *°” Measures of central obesity,
such as waist circumference (WC) and waist-

Dr Mosepele Mosepele; had central obesity; however, living with HIV was not to-hip ratio (WHR), are commonly employed
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The association between central obesity and HIV infec-
tion has been evident since the advent of modern antiret-
roviral therapy (ART) in the late 1990s.”'*"% Factors such
as the ‘return to health’ phenomenon may cause some
weight gain among those who initiate ART at low CD4
counts in the context of pre-ART weight loss; however,
this is not sufficient to explain the weight gain and central
obesity associated with some ART, particularly integrase
inhibitors'* '* such as dolutegravir, which has been a
recommended first-line agent for the treatment of HIV
infection in adults in Botswana since 2016.'* ART is associ-
ated with weight gain through several factors, such as the
reduction of the catabolic state and inflammatory markers
of HIV, improved appetite and nutrient absorption.”

In sub-Saharan Africa, where HIV prevalence is high,
there is a growing concern about the increasing burden
of obesity among people living with HIV (PLWH). Despite
potentially different national ART regimens and socio-
environmental factors among PLWH in sub-Saharan
Africa, the number of published large community and
population-based studies focusing on central obesity and
its distribution by HIV status in low-income and middle-
income countries is limited, with significant heteroge-
neity in the study population and diagnostic criteria.'” '°
This study seeks to address this gap by examining central
obesity prevalence in Botswana, offering insights into how
HIV may influence obesity patterns in the region.

Objectives

1. To determine the community prevalence of central
obesity among adults in Botswana, stratified by two sex-
based criteria using the WHR and WC.

2. To assess whether central obesity prevalence differs by
HIV status.

METHODS

Between April 2017 and March 2018, we conducted a
single assessment of central obesity within participants’
homes as part of the Botswana Combination Preven-
tion Project (BCPP or Ya Tsie), a community-based pair-
matched cluster-randomised trial (NCT01965470)."7 '8
This trial, conducted in rural and peri-urban communi-
ties in Botswana, aimed to evaluate the efficacy of a set
of enhanced interventions in reducing HIV incidence
over a 3-year period. The first-line ART regimen provided
by the government to all trial communities at the time
of obesity assessment was tenofovir disoproxil fumarate
(TDF)-emtricitabine (FTC)—dolutegravir (DTG).

The source population for the main trial was approx-
imately 10% of the entire population of Botswana,
representing 180000 people drawn from 30 rural and
peri-urban communities across the country.'”'®

Settings and participants

The BCPP study'” enrolled a community-based survey
cohort of adults, in which this central obesity study was
nested. This community-based cohort was established by
enrolling all consenting residents aged 16-64 years who

lived in a random sample of 20% of all households in the
30 participating villages. Only 22 out of the 30 commu-
nities were included in the central obesity assessment as
ethical approval for the central obesity evaluation was
granted after eight communities had already completed
the primary trial assessments. During the third and final
household survey for the main trial, all adults taking part
in the BCPP household survey in these 22 communities
were invited to participate in the central obesity assess-
ment substudy. Potential participants could decline to
participate in all or some of the planned central obesity
evaluations.

Study procedures

Trained research assistants administered an investigator-
developed questionnaire to all participants. Waist and hip
circumferences were measured in duplicate by trained
research assistants using a non-stretchable tape measure
under the participant’s clothes, with the participant in
the upright position and the tape parallel to the floor."
The WC was measured at the midpoint position defined
as the location of the umbilicus. Hip circumference was
measured at the widest hip circumference (including the
most protuberant buttock and lateral upper thigh)."

Patient and public involvement

This research was carried out with patients and community
leaders. Community leaders and Botswana Harvard Part-
nership community advisory board (BHP CAB) members
provided input during planning of the main BCPP trial,
particularly in recruitment strategies and shaping study
procedures to align with community norms. They also
promoted the study within participating villages and ulti-
mately assisted in sharing findings with the community
through local gatherings. Post-trial dissemination was
done on radio and BHP CAB meetings.

Central obesity definitions

Central obesity was defined according to the WHO'"
and International Diabetes Federation (IDF)?’ as a WHR
>0.90 for males and >0.85 for females.

In addition, central obesity was also defined using WCs
of 294cm in males and 280 cm in females among sub-
Saharan Africans as per a joint statement by the IDF Task
Force on Epidemiology and Prevention, National Heart,
Lung, and Blood Institute, American Heart Association
Science Advisory and Coordinating Committee, World
Heart Federation, International Atherosclerosis Society
and International Association for the Study of Obesity.*’

Statistical considerations

Normally distributed continuous characteristics were
summarised by their mean and SD, while a median
and its IQR are presented for skewed continuous
data. A Student’s t-test was used to assess the associ-
ation between HIV status and continuous variables if
normally distributed; otherwise, a Wilcoxon sum test
was used for skewed data. To compare the covariates
by HIV status, we used a ¥ test or Fisher’s exact test.
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Prevalence and prevalence ratios (PRs) of the binary
outcome of central obesity were derived from modi-
fied Poisson generalised estimating equations, along
with corresponding Huber robust standard estimates
and 95% Wald CIs. Of those taking part, 1942 (48.8%)
had missing WC readings. To account for potential
selection bias due to missing outcome data, we applied
complete-case inverse probability weighting (IPW) to
re-estimate the overall prevalence of central obesity
and the corresponding PRs. Our approach adjusts
for missing WC and WHR readings by accounting for
potential correlates between missing WC and WHR
reading and other demographic, clinical and social
characteristics (see online supplemental tables). We
also performed a sensitivity analysis using WC 2102 cm
for males and =88 cm for females, which represents
a substantially increased risk of metabolic complica-
tions according to WHO recommendations.' Results
with p values<0.05 were considered significant in all
analyses. We used R statistical software, R V.4.3.2 (31
October 2023)."

RESULTS

Participant demographics

A total of 3981 participants were approached for
central obesity assessment, and 2039 (51.2%) of them
completed all the necessary assessment such that we
could calculate WHR and WC measurements. The
remaining 1942 (48.8%) declined to undergo physical
measurements for WC and WHR for various reasons
(figure 1 and online supplemental table 1).

Online supplemental table 1 provides a detailed
comparison of those who agreed to complete the central
obesity assessments versus those who did not. Those
who agreed to complete the assessments were mostly
female (66.8% vs 33.2%, p<0.001) and living without
HIV (71.3% vs 28.7%, p=0.04), while those who refused
tended to have reported higher levels of counselling for
alcohol intake (30.4% vs 22.5%, p<0.001) and were more

Participants approached, n=3981 ‘

Declined assessments, n = 1,942 (48.8%)

Reasons for declining
e No time (n=1120, 57.7%)
Afraid (n= 69, 3.6%)
Not ready (n=319, 16.4%)
Not sure (n=220, 11.3%)
Pregnant (n=52, 2.7%)
Pain concerns (n=3, 0.2%)
No reason given (n=159, 8.2%)

Completed WC & WHR assessments, n = 2039 (51.2%)

Figure 1 Participant flow diagram. WC, waist
circumference; WHR, waist-to-hip ratio.

likely to report being screened for cholesterol (17.5% vs
9.7%, p<0.001) and diabetes (23.6% vs 18.6%), p<0.001),
respectively.

Table 1 shows the demographic and clinical characteris-
tics of participants by HIV status. Of the 2039 participants
who completed all required obesity assessments, 586
(28.7%) were living with HIV. PLWH were significantly
older, with a median age of 42.0 years (IQR 35.0-49.9)
vs 31.7 years (IQR 24.7-46.3) for those without HIV, p
value<0.001. The majority of participants were female
(66.8%).

Of the 586 PLWH, 553 (94.4%) were on ART (TDF-
FTC-DTG), 28 (4.8%) were ART-naive and 5 (0.9%) had
stopped taking treatment. The CD4+ cell count was avail-
able for 163 participants, with a median CD4+ count of
560 cells/pL (IQR 411-745).

Central obesity prevalence: overall, HIV status and sex group
The overall prevalence of central obesity was 43.5%
as defined by the WHR and 50.8% as defined by WC
(table 2). The central obesity prevalence was higher
among females than males, 46.9% vs 36.7% (WHR) and
68.5% vs 15.1% (WC), and was associated with increasing
age, evidenced by an increase of approximately 10% with
each decade of life between 18 and 68 years of age (see
figure 2).

Factors associated with central obesity

In the unadjusted analysis, PLWH had a higher prev-
alence of central obesity defined by the WHR (47.8%
(95% CI1% 43.7 to 51.8%)) compared with those without
HIV (41.8% (95% CI 39.2% to 44.3%)) (table 2), p value
0.02. After fully adjusting for age, sex and missing waist
and hip measurements, this trend was attenuated, and
there was no significant difference in the prevalence of
central obesity defined by the WHR between PLWH and
those without HIV (adjusted prevalence ratio (aPR) 0.99
(95% CI 0.90 to 1.09, p value 0.88)) (table 3).

Similarly, in the unadjusted analysis of the preva-
lence of central obesity defined by WC, PLWH had
a higher prevalence of central obesity (55.3% (95%
CI 51.3% to 59.3%)) compared with people living
without HIV (48.9% (95% CI 46.4% to 51.5%)), p
value 0.01 (table 2). However, fully adjusted analysis
(table 3) revealed there was no significant difference
in the prevalence of central obesity defined by the
WC between PLWH and those without HIV (aPR 0.93
(95% CI 0.85 to 1.01), p value 0.06).

Given that the proportion of females is different
between PLWH and people without HIV (table 1),
and the waist values are different between males and
females, we performed a sex-stratified analysis of
central obesity by HIV status. This revealed that the
aPR of central obesity defined by WC was lower for
PLWH than those living without HIV in both males
and females (table 4).
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Table 1 Demographic and clinical characteristics of the participants
People living
Characteristic Overall without HIV PLWH
N 2039 1453 586 P value*
Age Median (IQR) 35.4 (26.4- 48.3) 31.7 (24.7-46.3) 42.0 (35.0-49.9) <0.001
Age group (years) 16-24 399 (19.6%) 376 (25.9%) 23 (3.9%)
25-34 590 (28.9%) 472 (32.5%) 118 (20.1%)
35-44 430 (21.1%) 220 (15.1%) 210 (35.8%)
45-54 307 (15.1%) 158 (10.9%) 149 (25.4%)
55-68 313 (15.4%) 227 (15.6%) 86 (14.7%)
Sex Female 1363 (66.8%) 917 (63.1%) 446 (76.1%) <0.001
Education level Non-formal 222 (10.9%) 143 (9.8%) 79 (13.5%) <0.001
Primary 421 (20.6%) 242 (16.7%) 179 (30.5%)
Junior secondary 744 (36.5%) 502 (34.5%) 242 (41.3%)
Senior secondary 340 (16.7%) 291 (20%) 49 (8.4%)
Higher than secondary 304 (14.9%) 271 (18.7%) 33 (56.6%)
Missing 8 (0%) 4 (0%) 4 (0%)
Smoking: ever Yes 254 (12.5%) 171 (11.8%) 83 (14.2%) 0.159
SBP (mm Hg) Median (IQR) 119 (109-130) 119 (110-130) 118 (109-128) 0.043
DBP (mm Hg) Median (IQR) 80 (73, 88) 80 (72-88) 80 (73-88) 0.826
Hypertension meds: ever Yes 191 (9.4%) 134 (9.2%) 57 (9.7%) 0.787
WHR: females Median (IQR) 0.84 (0.79-0.91) 0.84 (0.78-0.91) 0.85 (0.80-0.92)
WHR: males Median (IQR) 0.87 (0.81-0.93) 0.86 (0.81-1.34) 0.88 (0.83-0.94)
WC: females (cm) Median (IQR) 87.0 (76.5-97) 87.0 (76-129) 86.4 (77.1-95)
WC: males (cm) Median (IQR) 78.3 (72.5-88) 78.6 (72-88.3) 78.3 (73.8-86.1)
Current CD4+ count (cells/pL) Median (IQR) - - 560 (411-745)
Current ART status N - - 586
ART-naive - - 28 (5%)
Defaulted ART - - 5 (1%)
On ART - - 553 (94%)
ART, antiretroviral therapy; DBP, diastolic blood pressure; SBP, systolic blood pressure; WC, waist circumference; WHR, waist-to-hip ratio.
Table 2 Prevalence of central obesity overall and by sex-stratified and HIV-stratified groups
Central obesity defined by Central obesity defined by
WHR wcC
N Prevalence, N (%) 95%CI P value Prevalence, N (%) 95% Cl P value
Overall 2039 887 (43.5) (41.4,45.7) 1035 (50.8) (48.6, 52.9)
PLWH 586 280 (47.8) (43.7,51.8) 0.02 324 (55.3) (51.3,59.3) 0.01
Without HIV 1453 607 (41.8) (39.2, 44.3) 711 (48.9) (46.4, 51.5)
Female 1363 639 (46.9) (44.2, 49.5) 933 (68.5) (65.9, 70.9)
PLWH 446 225 (50.4) (45.8, 55.1) 0.08 305 (68.4) (63.9,72.5) >0.99
Without HIV 917 414 (45.1) (42, 48.3) 628 (68.5) (66, 70.9)
Male 676 248 (36.7) (83.1, 40.4) 102 (15.1) (12.4,17.8)
PLWH 140 55 (39.3) (31.6, 47.6) 0.54 19 (13.6) (8.9, 20.2) 0.67
Without HIV 536 193 (36) (82.1, 40.2) 83 (15.5) (12.7, 18.8)

PLWH, people living with HIV; WC, waist circumference; WHR, waist-to-hip ratio.
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Figure 2 Sex, HIV status and age group-specific prevalences of central obesity defined by waist circumference (WC) and
the waist-to-hip ratio (WHR) criteria: central obesity defined as a WC>80cm or a WHR>0.85 for females and a WC>94 cm or
a WHR>0.90 for males. (A) and (B) show central obesity prevalence by WHR and WC, respectively, stratified by HIV status.
(C) and (D) show central obesity prevalence by WHR and WC, respectively, stratified by gender. (E) and (F) display the age-
specific prevalence of central obesity by WC and WHR, respectively. Prevalence point estimates are presented together with
95% Cils.
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Table 3 Unadjusted and adjusted prevalence ratios of central obesity by HIV status

Waist-to-hip ratio P value Waist circumference P value
Unadjusted 1.14 (0.99, 1.32) 0.01 1.13 (0.99,1.29) 0.01
Adjusted* 1.01 (0.86, 1.16) 0.96 0.94 (0.82, 1.08) 0.14
Fully adjustedt 0.99 (0.90, 1.09) 0.88 0.93 (0.85, 1.01) 0.06

*Model adjusted for age and sex.
TModel adjusted for missing data on waist circumference and hip measurements using inverse-probability weighting and controlled for sex

and age.

Sensitivity analysis using cut-offs >102 cm in males and
>88cm in females
In unadjusted analysis, PLWH had a trend towards
higher prevalence of central obesity by WHR, 47.8%
(95% CI 43.7% to 51.8%) compared with those living
without HIV, 41.6% (95% CI 37.7% to 45.7%) (online
supplemental table 3). However, after fully adjusting
for age, sex and missing waist and hip measurements,
there was no significant difference in the prevalence
of central obesity by WHR between PLWH and people
living without HIV (online supplemental table 2).
Both the unadjusted (online supplemental table 3)
and fully adjusted analysis (online supplemental table
4) showed no significant difference in the prevalence
of central obesity by WC with respect to HIV status.

DISCUSSION
This cross-sectional study in a large sample of adults
residing in 22 rural and peri-urban communities in
Botswana found a high prevalence of central obesity
using both the WHR and WC measurements, particularly
in females and in older adults. There was no difference in
the prevalence of central obesity by HIV status. Consistent
with previous studies,” a higher prevalence was found in
older adults and females than younger adults and males.
Defining thresholds for abdominal obesity is compli-
cated by the varying relationships between abdominal
obesity and other metabolic risk factors. Additionally,
these relationships differ across sexes and ethnic groups.
Consequently, different organisations have established
different thresholds for defining central obesity, partic-
ularly when using WC. For instance, the WHO" defines
two levels of central obesity based on risk of metabolic

complication, with different WC cut-offs for increased
and substantially increased risk. Therefore, our cut-offs
follow the recommendations for sub-Saharan Africans,
and our comparisons are based on this framework.

Our overall prevalence of central obesity defined by
the WHR, 43.5% (46.9% females, 36.7% males), was
almost similar to two previous local (Botswana) studies
by Omech et al”® and Mosepele et al,** with prevalences
of 48.8% (51.9% females, 34.7% males), and 49% in
females, $3% in males, respectively. A study in Uganda®
also reported an almost similar prevalence of 40.6%
(48.7% females, 26.5% males). On the other hand, a
study in South Africa® reported a higher prevalence of
57.8% (60.7% females, 51.7% males). Of note, the South
African study®® had an older population (mean age of 42.6
years) than that of our study (median age 35.3 years), and
was facility-based, while our population was community-
based, meaning that their participants could have already
had chronic illnesses, including obesity, bringing them to
health facilities. Differences in the socio-economic status
of the studied populations and the associated unhealthy
lifestyle and central obesity may also partly explain the
higher obesity prevalence in South Africa compared with
Botswana.

Our overall high central obesity prevalence by WC,
50.8%, was similar to a large global systematic review
and meta-analysis, which reported a prevalence of 49.6%
among Africans,”® but was higher than a pooled anal-
ysis of Sub-Saharan Africa (SSA) studies that reported a
prevalence of 35% using similar WC (=94 cm in males,
>80 cm in females) cut-offs.”* A large study from Burkina-
Faso®” also reported a lower prevalence (22.5%) than our
study using the same WC cut-offs. Possible reasons for this

Table 4 Sex-stratified analysis of central obesity by HIV status

Waist hip ratio for PLWH vs those living without HIV

Waist circumference for PLWH vs those living without HIV

Females Females
aPR P value aPR P value
Fully adjusted model 1.03 (0.92, 1.15)  0.606 0.55 (0.38, 0.78) 0.017
Males Males
Fully adjusted model 0.84 (0.67,1.04) 0.130 0.87 (0.80, 0.96) 0.017

Model adjusted for missing data on waist circumference and hip measurements using inverse-probability weighting and controlled for age.

aPR, adjusted prevalence ratio; PLWH, people living with HIV.
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include a lower proportion of females in the Burkina-
Faso study (52.4%) compared with ours, a low prevalence
of overweight/obesity in Burkina-Faso (18.7%)% than
Botswana (47.3%),% due to their low socio-economic
status. Other unmeasured confounders in our study such
as level of physical activity and diet may also account for
these differences.

Using a WC cut-off 2102 cm for males and 288 cm for
females,'? we established a prevalence of 32.9% (46.1%
females, 6.1% males), which was similar to a global
systematic review and meta-analysis of 13.2million
subjects (using this same cut-off), including African
participants, which reported a prevalence of 35.9%
(95% CI 33.6% to 38.3%). Meanwhile, three cross-
sectional studies in Tanzania,* n=454, IS’mrkina—Faso,27
n=4308, Uganda,” n=1962, and a population-based
survey in Uganda,” n=3676, reported lower prevalence
of 16.9%, 10.2% (16.9% females, 1.6% males), 15.2%
(14.8% females, 0.4% males) and 11.8% (19.5% females,
1.3% males), respectively. Our higher WC prevalence
compared with the two Ugandan studies® *' may be
attributable to similar reasons outlined for WHR above,
while the difference with studies in Burkina-Faso®” and
Tanzanian™ could partly be due to relatively higher phys-
ical activity rates, as well as low socio-economic status in
both of these as low-income countries, compared with
Botswana.”® The differences in the central obesity preva-
lence by the two criteria highlight the high sensitivity of
the lower cut-offs, which, however, has a low specificity
for adults at a substantial increased risk of metabolic
complications."

Our study reported a prevalence of central obesity
defined by the WHR among PLWH of 47.7% (50.4%
females, 39.2% males), which was comparable to studies
in Uganda® and the prior local study by Mosepele et al,**
with prevalences of 42% (48% females, 31% males), and
49% females, 33% males, respectively.

We reported the prevalence of central obesity defined
by WC among PLWH to be 55.3% (68.4% females, 13.6%
males), which was comparable to some studies with PLWH
on ART in Tanzania® and Ethiopia,™ with a prevalence
of 48.0% and 52.7%, respectively. On the other hand, a
study from South Africa™ reported higher rates than us,
64.2%, among PLWH on ART. The possible reasons for
a high prevalence in the South African study®* than ours
was a high proportion of females in their study, 87.2%,
than our study. Meanwhile, an Ethiopian study™ reported
a slightly lower prevalence than us (41.3%).

Using a WC cut-off 2102 cm for males and >88 cm for
females, we reported a 35.0% (46.1% females, 6.1% males)
prevalence of central obesity by WC among PLWH. Some
studies in Ethiopia,”® Uganda® and Tanzania™ of 268, 990
and 150 PLWH reported lower prevalence, 18.7% (17.9%
females, 0.7% males), 12% (19% females, 1% males) and
25.3%, respectively, while those reporting higher preva-
lence included an Ethiopian study of 407 PLWH, 41.3%.%
On the other hand, a study of 2230 PLWH from South
Africa® reported similar rates of central obesity, 30.9%

(44.6% females and 3.9% males), which was associated
with an increasing age, just like in our current report.

Among studies reporting a lower prevalence than our
study, we noted a small number of PLWH, <150, in the
Tanzanian™ and Ethiopian® studies compared with our
study with 586 PLWH. High physical activity rates, >95%,
being in a predominantly rural area and having a low
prevalence of central obesity in the general population®
in the Ugandan study® may also account for differences
with our study. A low socio-economic status across all the
above three countries compared with Botswana™ may
also contribute to their lower prevalence than our study.

Consistent with our current study, there was no signif-
icant difference in the WHR between PLWH and those
without HIV in both the previous Botswana study®* and
the Ugandan study.”” Furthermore, while we reported no
difference in WC between PLWH and those without HIV
in our study, the Tanzanian® and South African®® studies
reported higher central obesity rates by WC among
PLWH on ART compared with ART-naive PLWH and
those without HIV. Of note, there was a gender imbal-
ance in both these studies, with the PLWH on ART group
having a significantly greater proportion of females than
the other two groups.

The prevalence of central obesity increased with age
and was higher in females than males. Previous studies
have reported that older adults have a low basal metabolic
rate than young adults, contributing to excess fat accu-
mulation.”* Ageing is also linked with fat redistribution
from subcutaneous areas to the abdominal region.* In
women, menopause contributes to an increase in truncal
obesity and visceral fat deposition.” Furthermore, the
high central obesity prevalence in females than males
has been attributed to several factors, including socio-
cultural factors such as the perception of overweight as
a sign of good health, beauty or affluence, particularly
among females, in some black African communities,
whereas thinness may be associated with advanced HIV
disease.*™** Other reasons include low education levels
and its association with housework and a sedentary life-
style.* Additionally, central obesity is associated with low
testosterone levels as the hormone promotes fat consump-
tion and reduces central obesity.*’

The high prevalence of central obesity in our study is a
concerning public health challenge as it represents a high
risk of cardiometabolic disease that clinicians and policy-
makers must address so as to prevent or delay progression
to disease. Given the resource constraint in our setting
and SSA in general, there is a need to use low-cost tools
to identify individuals at increased risk of cardiovascular
disease and strengthen interventions on healthy lifestyle
modifications in those at highest risk, females and older
adults. A comparable prevalence between PLWH and the
general population could be due to good HIV control
by ART resulting in the return to health phenomenon;
however, considering that a subset of BCPP participants
started ART within 5 years of BCPP, they were few (n=586)
and without baseline/serial weight obtained in the home
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setting, the duration of ART may have been insufficient
to cause significant weight gain and central obesity. Thus,
the comparable prevalences may reflect population-level
lifestyle factors such as unhealthy dietary habits and insuf-
ficient physical activity levels.

Strengths and limitations of the study

To our knowledge, this is the first community-based
study to directly measure central obesity by HIV status in
Botswana overall and by two criteria for central obesity.
Our study had several limitations; we had a high refusal
rate for the central obesity assessment among BCPP
survey participants, with 49% of approached individuals
declining obesity measurements, which may introduce
selection bias. Since our substudy was nested within
an HIV prevention project, participant motivation for
involvement in the main project may not have been
carried over to this central obesity substudy, as shown by
the reasons for refusal given in figure 1. Females were
more likely to provide consent for waist and hip measure-
ments than males. To address this potential selection bias,
complete case IPW methods were used to adjust PRs for
missing measurements. In controlling for this potential
bias, our results were grossly unchanged, and we arrived
at the same conclusions that were generalisable to this
population despite the missing data. Another limitation
was the use of a tape measure, which is prone to measure-
ment errors, to assess WC and the WHR. More accurate
techniques, such as CT or MRL* were impractical for our
community-based study. Assessing central obesity at one
point in time prevented establishing a temporal relation-
ship among HIV, ART duration and central obesity. Addi-
tionally, we did not assess other potential confounders
such as dietary habits and physical activity levels. We also
did not assess the different ART combinations and their
association with central obesity or lipodystrophy. Finally,
only 28.7% (586) of our participants were PLWH, with
male under-representation at 24%. This could have biased
results in favour of female people living without HIV.

In conclusion, our study highlights the significant
burden of central obesity in both PLWH and people
without HIV in rural and peri-urban communities in
Botswana. Of note, over two-thirds of adult females in
Botswana had central obesity; however, living with HIV
was not significantly associated with central obesity by WC
or WHR. Future prospective research should investigate
anthropometric measures and their associations with
health outcomes by HIV status and the acceptability of
such measures for use given the high rate of refusal in
our study population. Evidence-based interventions are
required to reduce the prevalence of central obesity and
the associated risks to health and well-being.
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