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Abstract
Introduction: As differentiated HIV services provided outside of clinics are scaled up, clients may have fewer interactions with
ancillary services for non-communicable disease (NCD) prevention and management traditionally offered within facilities. This
study was embedded in the DO ART randomised trial (2016−2019), which demonstrated that community-based differentiated
service delivery (DSD) improved HIV viral suppression compared with facility-based care. We assessed NCD risk among men
and women living with HIV accessing community-based DSD versus facility-based care in KwaZulu-Natal, South Africa.
Methods: First, we described lifestyle and clinical NCD risk among DO ART participants in rural and semi-rural KwaZulu-
Natal. Next, we compared clinical NCD risk at 12 months by randomisation arm (community-based DSD vs. facility-based
care). Finally, we explored the relationship between 12-month viral suppression and clinical NCD risk, overall and stratified by
randomisation arm (i.e. service delivery type).
Results: Among 1010 participants, the median age was 32 years, 245 (24%) smoked, 229 (23%) had hypertension and 502
(50%) were overweight or obese (body mass index [BMI] ≥ 25). Smoking was more common among men than women (43%
vs. 6%, p ≤ 0.001), while overweight/obesity was more common among women than men (65% vs. 34%, p ≤ 0.001). We
found no statistically significant association between service delivery type and clinical NCD risk factors at 1 year. We also
found no significant associations between viral suppression at 12 months and blood pressure, haemoglobin A1c or smoking.
However, virally suppressed clients had higher mean BMI (+0.93 kg/m2, p = 0.004) and higher mean cholesterol (+5.79 mg/dl,
p = 0.001). These associations were greater in effect size and statistically significant among clients receiving community-based
DSD (BMI: p = 0.003; cholesterol: p = 0.001), but smaller and not significant for facility-based care (BMI: p = 0.299; choles-
terol: p = 0.448).
Conclusions: Relatively younger adults accessing HIV treatment in South Africa had substantial NCD risk, which differed by
gender and may increase with age. Among clients receiving community-based DSD, viral suppression was associated with mod-
estly higher BMI and cholesterol levels. Community-based DSD programmes should consider integrating NCD risk screening
and management that addresses gender-specific needs to prevent premature mortality among people living with HIV.
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1 INTRODUCT ION

Sub-Saharan Africa (SSA) is home to 26 million people liv-
ing with HIV, nearly 20 million of whom are achieving viral
suppression through antiretroviral therapy (ART) [1], but who
face a growing burden of non-communicable disease (NCD)
risk [2, 3], especially as the population ages [4, 5]. People liv-

ing with HIV have an estimated 2.5-fold higher risk of car-
diovascular disease than people without HIV [6]. Moreover,
nearly one-third of people living with HIV in SSA are over-
weight or obese, one-fifth have hypertension and one-fifth
have high cholesterol [7].

Differentiated service delivery (DSD)—including both
community-based and facility-based models—has emerged
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as a promising strategy for HIV control [8, 9], maintaining
or improving ART outcomes [10, 11] while alleviating strain
on health systems and patients [12, 13]. However, as these
services reduce the frequency of client contact with health
facilities [14, 15], clients may have fewer interactions with
ancillary clinic services for NCDs. This has important impli-
cations, as studies from eastern and southern Africa suggest
that individuals receiving ART at clinics may experience lower
NCD risk than people without HIV—despite the increased
cardiometabolic risk associated with HIV acquisition [6, 16]
and treatment [17–23]—due to their engagement with ser-
vices such as nutritional counselling and NCD management
[24–26].

In response to this dual burden, integrated DSD pro-
grammes that address both HIV and NCD risk are being con-
sidered [9, 27]. For example, South Africa’s Central Chronic
Medicine Dispensing and Distribution (CCMDD) programme—
serving over four million patients—enables stable individuals
to collect medicines for HIV, hypertension and diabetes at
shared community pick-up points [28, 29]. However, in the
context of DSD, the burden of NCD risk, how it is affected
by community-based service delivery and its implications are
not well understood.

In this study, we report NCD risk among adults access-
ing community-based DSD and facility-based HIV services in
South Africa. The first objective was (1) to describe the bur-
den of lifestyle and clinical NCD risk among men and women
receiving community- and facility-based ART. Next, we (2)
assessed if clients randomised to receive community-based
DSD experienced higher clinical NCD risk after 1 year com-
pared with standard facility-based care, and (3) evaluated the
relationship between effective ART (defined by viral suppres-
sion) and clinical NCD risk at 1 year for both models of
care. These objectives aim to inform DSD programmes in SSA
about NCD risk, gender-specific strategies for mitigation, and
opportunities to integrate NCD prevention and management.

2 METHODS

This study was embedded within the DO ART randomised
trial in South Africa (2016–2019), conducted in 16 commu-
nities in the Northern and Midlands regions of KwaZulu-
Natal [11]. Clients newly initiating HIV treatment were ran-
domised at the household level to one of three arms: (1)
clinic-based ART initiation and follow-up (standard of care);
(2) community-based ART initiation and follow-up; or (3) a
hybrid model with clinic-based ART initiation and community
follow-up. The trial results showed that community-based ART
improved viral suppression compared to clinic-based care, and
the hybrid model was non-inferior to clinic-based care [11].

Integrated NCD care was not provided in any arm, but
NCD risk factors were assessed at baseline and/or exit. Ran-
domisation was independent NCD risk, which did not influ-
ence the assignment to study arms. For this analysis, we com-
bined the community and hybrid trial arms — both of which
involved follow-up outside the clinic — and refer to them
collectively as “community-based DSD,” with the standard-of-
care arm referred to as “facility-based care.”

2.1 Data collection

Data related to NCD risk and HIV clinical outcomes were col-
lected at baseline, study exit (12 months after enrolment) or
quarterly visits as follows:

(i) Demographics: Age and gender were recorded at base-
line [11].

(ii) Self-reported NCD risk factors: These included smok-
ing status (baseline), weekly exercise (exit), vegetable
intake (exit) and history of stroke or heart attack (exit).

(iii) Clinically measured NCD risk factors: Trained study
nurses collected several clinical NCD measures. For con-
sistency, only exit values were used for analysis.

∙ Blood pressure (systolic and diastolic) was measured
in triplicate at quarterly visits;

∙ Body mass index [BMI] at baseline and exit;

∙ Haemoglobin A1c (exit only);

∙ Total cholesterol (exit only);

(iv) HIV clinical outcomes: Viral suppression, the primary
outcome of the DO ART trial, has been previously pub-
lished [11]. In this analysis, 12-month viral suppression
was examined as a predictor of NCD risk.

2.2 Variable definitions

Clinically measured NCD risk factors were categorised using
standard guidelines:

∙ Blood pressure. We applied American College of Cardiol-
ogy/American Heart Association (ACC/AHA) cutoffs using
the average of three readings: < 120/80 mmHg (normal),
systolic between 120–129 and diastolic < 80 (elevated),
systolic between 130–139 or diastolic between 80–89
(Hypertension Stage 1), systolic ≥ 140 or diastolic ≥ 90
(Hypertension Stage 2) and systolic ≥ 180 or diastolic ≥

120 (Hypertensive crisis) [30].

∙ BMI. BMI ≤ 18.5 kg/m2 (underweight), BMI > 18.5 kg/m2

and < 25 kg/m2, BMI ≥ 25 kg/m2 (overweight), BMI ≥ 30
kg/m2 (obesity).

∙ Glycaemic control. Haemoglobin A1c < 5.7% (normal),
≥ 5.7% and < 6.5% (prediabetes), ≥ 6.5% (diabetes) [31].

∙ Total cholesterol. < 200 mg/dl (normal), ≥ 200 and < 240
(borderline high), and ≥ 240 (high) [32].

We also dichotomised clinical NCD risk measures into “ele-
vated risk” and “no elevated risk” (with reference categories
shown in Tables 2 and 3). Given that only 12 participants had
elevated total cholesterol, dichotomised cholesterol level was
not included in our analysis.

2.3 Analysis

We conducted the following analyses:

1. We described NCD risk (including demographic variables,
lifestyle risk factors and clinical risk measures), using chi-
squared tests to assess differences by gender.
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2. We compared clinically measured NCD risk factors
between participants randomised to receive community-
based DSD versus facility-based care.

3. We compared clinically measured NCD risk factors
between clients who were virally suppressed and those
not virally suppressed at 1 year. To assess whether the
relationship between viral suppression and NCD risk var-
ied by HIV service delivery type, we conducted:

(i) stratified analyses by type of HIV service delivery
model, and

(ii) a pooled analysis including an interaction term
between viral suppression status and trial arm (i.e.
type of HIV service delivery) to test for statistical
evidence of effect modification.

We estimated relative risks [RRs] for binary outcomes using
Poisson regression and average (mean) differences [ADs] for
continuous outcomes using linear regression. To account for
household clustering (1% of individuals in the study [10/1010]
were from households with more than one enrolled individ-
ual), we used generalised estimating equations with an inde-
pendence working covariance structure. Unadjusted models
included trial site (i.e. Northern or Midlands KwaZulu-Natal)
as the only covariate, while adjusted models also included age
(categorical), gender (binary), smoking status (binary) and edu-
cation level (categorical). Adjusted results are presented as
aRRs and aADs throughout the manuscript.

2.4 Missing data

Since NCD clinical measures generally had good coverage
except for A1c, which was missing from one site due to incor-
rect test administration, regressions used complete case anal-
ysis assuming that NCD data missingness was independent of
the outcome, after conditioning on site.

2.5 Ethics

All participants provided written informed consent prior to
enrolment. The DO ART Study was approved by the Human
Sciences Research Council Research Ethics Committee in
South Africa and the University of Washington Institutional
Review Board, Seattle, WA (REC6/13/11/15).

3 RESULTS

Among 1010 eligible participants in the DO ART Study in
South Africa, the median age was 32 years (interquartile
range: 27–40) (Table 1). Overall, 245 participants (24%) were
current smokers (occasional or frequent), 468 (46%) exercised
≤ 2 days/week, 280 (28%) never or rarely ate vegetables and
14 (1%) reported a history of stroke or heart attack. Clini-
cally, 450 (45%) had above-normal blood pressure including
229 (23%) with Stage 1 or Stage 2 Hypertension, 502 (50%)
had BMI ≥ 25, 62 (6%) had prediabetes or diabetes and 12
(1%) had elevated cholesterol.

Certain clinical NCD risk factors varied significantly by gen-
der (Table 1). Among men, 217 of 505 (43%) were current
smokers, compared to 28 of 505 (6%) of women (p < 0.001).

For BMI, 173 men (34%) and 329 women (65%) were over-
weight, including 41 men (8%) and 142 women (28%) clas-
sified as obese (p < 0.001). Elevated haemoglobin A1c (pre-
diabetes or diabetes) was observed in 40 men (8%) and 22
women (4%) (p = 0.013).

Our regression analysis found no significant differences in
clinically measured NCD risk factors (blood pressure, BMI,
A1c and total cholesterol) between clients randomised to
receive community-based DSD versus those receiving facility-
based care (Table 2).

At 12 months, virally suppressed clients had higher BMI
(aAD = +0.94 kg/m2, p = 0.003), total cholesterol (aAD =
+5.71 mg/dl, p = 0.001) and risk of overweight/obesity (aRR
= 1.16, p = 0.024) compared with clients not virally sup-
pressed (Table 3). These associations were not observed
for other NCD risk factors, including blood pressure,
haemoglobin A1c and baseline smoking. While the inter-
action term between viral suppression and trial arm (i.e.
type of service delivery) was not statistically significant, the
patterns differed by service model. In community-based DSD,
virally suppressed persons had significantly higher BMI (aAD
= +1.18 kg/m2, p = 0.003), total cholesterol (aAD = +7.52
mg/dl, p = 0.001) and risk of overweight/obesity (aRR = 1.21,
p = 0.024) compared with clients not suppressed. In contrast,
no significant associations were observed among clients
in facility-based care; effect sizes were either attenuated
(cholesterol, BMI) or reversed (blood pressure).

4 D ISCUSS ION

In a largely younger cohort (73% aged 18–39) receiving HIV
care in rural/semi-rural South Africa, we observed a substan-
tial burden of clinical NCD risk: 50% had BMI ≥ 25, 45% had
above-normal blood pressure and 24% were current smok-
ers. As this population ages, additional risk factors—such as
high cholesterol and diabetes—are also likely to increase [4,
5]. Building on decades of research on gendered patterns of
NCD risk [33–35], we found significant gender differences:
43% of men were current smokers compared with just 6%
of women, while 65% of women were overweight/obese com-
pared with 34% of men. Despite the cohort’s younger age,
the prevalence of smoking, high BMI and blood pressure
exceeded average levels in SSA [7], and were comparable to
rates observed in the general population in KZN and South
Africa [36–39].

Building on extensive literature linking HIV, ART and effec-
tive ART (viral suppression) to increased cardiovascular risk
through pharmacologic and metabolic pathways (including
pro-inflammatory effects and treatment-related weight gain
and hyperlipidaemia) [18–22], we observed several trends rel-
evant to DSD programmes. First, community-based DSD did
not significantly increase NCD risk compared to facility-based
care within 12 months, despite the lack of integrated NCD
services. Second, viral suppression was modestly associated
with higher BMI and cholesterol in this young population, half
of whom were already overweight or obese—an association
that may strengthen with expanded use of integrase inhibitor–
based ART [21, 40, 41]. Finally, although we did not find sta-
tistical evidence of effect modification by the service delivery
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model, associations between viral suppression and NCD risk
were more pronounced in community-based DSD. This pat-
tern aligns with studies suggesting that access to ancillary ser-
vices in clinics—including nutritional counselling and preven-
tive medications—may help to mitigate ART-related NCD risk
[24–26]. These findings highlight the need for community-
based DSD models to prioritise NCD risk screening and man-
agement to meet or exceed the standard of care offered in
clinics.

Differentiated HIV service delivery models tailor care to
the needs of specific populations—including men, women, age-
ing adults and people with elevated NCD risk. Our findings
support this approach by highlighting modifiable risk factors
that differ by gender and age. For example, community-based
models designed to engage men in care [11, 42] could incor-
porate smoking cessation, given that 43% of men in our study
smoked and that integrated counselling reduces mortality [43,
44]. Similarly, as DSD increasingly reaches older populations,
integrating NCD screening and management will be essential.
These adaptations align with emerging guidance on chronic
disease integration within DSD [9, 27].

Community-based platforms offer a strategic opportunity to
deliver integrated NCD services. In South Africa, DSD guid-
ance already includes HIV, tuberculosis (TB) and NCD care
at both facility and community levels [27, 28]. In our study,
conducted before the integration of NCD services into DSD
(2016−2019), 21% of clients enrolled in community-based
DSD had Stage I hypertension and 3% had Stage II—but none
initiated treatment, highlighting a missed opportunity. South
Africa’s CCMDD programme, which includes both HIV and
NCD medications in its formulary, offers one such integrated
model. By requiring in-person eligibility reassessments every
6–12 months, programmes like CCMDD may provide oppor-
tunities to screen for and manage NCD risk over time. In
addition, the treatment landscape for NCDs in HIV care is
evolving. The recent REPRIEVE trial demonstrated the cardio-
vascular benefits of statins for people living with HIV [45, 46],
while GLP-1 agonists, widely used for obesity management
[47], are also being explored for use among people living with
HIV [48]—further strengthening the case for integrated care.
However, even inexpensive generic medicines face frequent
shortages in low- and middle-income countries [49, 50], and
statins and GLP-1 agonists remain prohibitively expensive for
widespread use. Scaling up NCD treatment, including within
DSD, will require investment in supply chains to realise the
full potential of integrated chronic disease care [51, 52].

Our study had the following limitations. First, our NCD data
contained missingness including 31% missing A1c; however,
our primary inference relied on measures with less missing-
ness (BMI [3%] and cholesterol [7%]). Second, our analysis
did not control for medication use, existing health conditions,
diet or alcohol use due to data limitations. Third, most NCD
risk factors were measured only at endline, which did not
allow for comparisons against the baseline values. Fourth, our
exploratory analysis of NCD risk and viral suppression was
not randomised and we did not capture long-term associa-
tions; however, the results remained consistent across several
robustness checks. Moreover, despite multiple comparisons,
the strong statistical significance for BMI and cholesterol sug-
gests robustness to multiple testing. Finally, self-reported risk

is prone to underreporting [53, 54]; however, our main inter-
pretation relied primarily on clinical measures.

5 CONCLUS IONS

Our study found substantial NCD risk in a younger popula-
tion accessing HIV care in South Africa, with clear gender dif-
ferences and, for community-based DSD, modest associations
between viral suppression and both BMI and cholesterol lev-
els. As HIV services expand beyond clinics, integrating or link-
ing to NCD care will be essential to meeting evolving health
needs to prevent premature mortality.
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