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Abstract
Introduction: Non-communicable diseases (NCDs) are an important driver of morbidity among ageing people living with HIV
(PLWH). We examined the composite role of age and HIV status on NCDs in people living with and without HIV.
Methods: The African Cohort Study (AFRICOS) prospectively enrols participants aged ≥15 years with and without HIV at
12 sites in Kenya, Tanzania, Uganda and Nigeria. From 21 January 2013 to 1 September 2021, we assessed participants for
renal insufficiency (estimated glomerular filtration rate <60 ml/minute/1.73 m2), elevated blood pressure (BP) (any systolic BP
>139 mmHg or diastolic BP >89 mmHg), obesity (body mass index >30 kg/m2), diabetes mellitus (DM) (fasting glucose ≥126
mg/dl or antidiabetic medication) and dysglycemia (fasting glucose ≥99 mg/dl or non-fasting ≥199 mg/dl). Multivariable logistic
regression with generalized estimating equations was used to estimate odds ratios (ORs) and 95% confidence intervals (CIs)
for factors associated with each NCD. The main exposure of interest was a composite of HIV status and age dichotomized
around 50 years. All models were adjusted for study site and sex. The renal insufficiency model was additionally adjusted for
elevated BP and dysglycemia.
Results and discussion: Of 3761 participants with age data, 557 (14.8%) were age ≥50, 2188 (58.2%) were females and
3099 (82.4%) were PLWH. At enrolment, the prevalence of elevated BP, dysglycemia, renal insufficiency and obesity were n
= 128 (26.9%), n = 75 (15.8%), n = 8 (1.7%) and n = 40 (8.4%), respectively, for PLWH ≥50. Compared to people without HIV
age <50, PLWH age ≥50 had increased adjusted odds of having DM (OR: 2.78, 95% CI: 1.49–5.16), dysglycemia (OR: 1.98,
95% CI: 1.51–2.61) and renal insufficiency (OR: 6.20, 95% CI: 2.31–16.66). There were significant differences by study site,
specifically, participants from Nigeria had the highest odds of elevated BP, dysglycemia and renal insufficiency as compared to
Uganda.
Conclusions: There was a high burden of NCDs in this African cohort with differences by geographic region. In order to
promote healthy ageing with HIV, screening and treatment for common NCDs should be incorporated into routine HIV care
with attention paid to geographic heterogeneity to better allocate resources.

Keywords: Africa; LMIC; HIV epidemiology; quality of life; cohort studies; HIV care continuum

Received 26 January 2022; Accepted 1 August 2022
Copyright © 2022 The Authors. Journal of the International AIDS Society published by John Wiley & Sons Ltd on behalf of the International AIDS Society.
This is an open access article under the terms of the Creative Commons Attribution License, which permits use, distribution and reproduction in any medium,
provided the original work is properly cited.

1 INTRODUCT ION

People living with HIV (PLWH) are experiencing increased
life expectancy in both high- and low-income countries with
some life expectancy nearing that of people living without HIV
(PLWoH) [1–5]. As the access to antiretroviral therapy (ART)
is scaled up and progress is made in reaching UNAIDS 95-95-
95 targets, the median age of PLWH is expected to increase.
Recent data demonstrate that one-third of PLWH in the U.S.
President’s Emergency Plan for AIDS Relief (PEPFAR) pro-
grammes are age >50 [6]. As the PLWH population ages, it

is important to understand the effect of HIV and age to pro-
mote healthy ageing.

Non-communicable diseases (NCDs), such as diabetes and
cardiovascular disease, have been associated with HIV and are
important drivers of morbidity and mortality [7–9]. Studies
show that PLWH in sub-Saharan Africa have a high prevalence
of NCDs, such as hypertension [10]. PLWH appear to have a
higher prevalence of NCDs, such as hyperglycaemia and dia-
betes, as compared to PLWoH [11, 12]. Previous work from
the African Cohort Study (AFRICOS) showed that PLWH on
ART have an increased risk of NCDs compared to PLWH not
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on ART [13]. We investigated the prevalence and factors asso-
ciated with NCDs in AFRICOS, focusing on age and HIV sta-
tus.

2 METHODS

2.1 Study setting and population

AFRICOS is an ongoing prospective cohort enrolling at
12 clinics across five programmes supported by PEPFAR:
Kayunga, Uganda; South Rift Valley, Kenya; Kisumu West,
Kenya; Mbeya, Tanzania; and Lagos and Abuja, Nigeria [13].
PLWH were recruited from randomized lists of current PEP-
FAR clinic patients and those with new HIV diagnoses.
Enrolees were encouraged to bring partners in for testing
and recruitment. PLWoH were also recruited from commu-
nity members accessing HIV testing, a small subset of partic-
ipants was recruited from prior research studies. Participants
were included if they were age ≥15 years, intended to be a
long-term area resident, willing to provide contact informa-
tion, consented to data/specimen collection and storage for
future use, and understood English or the local language. Indi-
viduals were excluded if they were pregnant at enrolment.

The study was approved by institutional review boards of
the Walter Reed Army Institute of Research and all collabo-
rating institutions. All participants provided written informed
consent.

2.2 Procedures

At enrollment, all participants were administered a medical
history, physical exam, demographic questionnaire and under-
went phlebotomy. PLWH underwent confirmatory HIV rapid
diagnostic testing, CD4 T-lymphocyte count and HIV Viral
Load (VL) [14]. Study visits occurred every 6 months and par-
ticipants provided medical history, completed a physical exami-
nation and underwent laboratory assessments. Study clinicians
performed medical record reviews and extracted ART start
date and regimen at every visit. HIV rapid tests were per-
formed at each visit for PLWoH and CD4 counts and VL were
performed at every visit for PLWH. All participants had an
assessment of serum creatinine and blood glucose performed
annually. Study-specific laboratory assessments included tests
that were not part of routine care at study sites; test results
were shared with care providers. All assessments were per-
formed in laboratories that were accredited by the College of
American Pathologists or had successfully completed external
quality assurance.

2.3 Data collection and definitions

Demographic variables, including sex, age, education level, HIV
status and clinical care site, are reported for the enrolment
visit. For PLWH, ART use and VL stratum were combined
into the following categories: not on ART, on ART and VL
<1000 copies/ml, and on ART and VL ≥1000 copies/ml. CD4
nadir was categorized as <200, 200–349, 350–499 and ≥500
cells/mm3. All data were recorded on paper case report forms
and double entered into the ClinPlus platform (DZS Software
Solutions, Bound Brock, NJ).

Elevated blood pressure (BP) was defined as systolic blood
pressure of >139 mmHg, diastolic blood pressure >89 mmHg
or receipt of antihypertensive medications. Abnormal BPs
were repeated for confirmation. Dysglycemia was defined as
fasting glucose ≥99 mg/dl, non-fasting glucose ≥199 mg/dl or
receipt of hypoglycaemic medications. Diabetes mellitus (DM)
was defined as fasting glucose ≥126 mg/dl or receipt of hypo-
glycaemic medications. Renal insufficiency was defined as the
estimated glomerular filtration rate <60 ml/minute/1.73 m2

calculated using the Modification of Diet in Renal Disease
equation [15]. Obesity was defined as a body mass index
(BMI) of >30 kg/m2.

2.4 Statistical analyses

The main exposure of interest was a composite of HIV sta-
tus and age dichotomized around 50 years. Comparisons
of demographic characteristics and other parameters across
groups of interest were made using Pearson chi-squared test
for categorical variables and the Kruskal–Wallis test for con-
tinuous variables. Longitudinal analyses involved multivariable
logistic regression with generalized estimating equations, clus-
tered by a participant to account for repeated measures, to
estimate odds ratios (ORs) and 95% confidence intervals (CIs)
for factors associated with each NCD. NCDs were assessed at
every follow-up visit and the model was time updated. Once
diagnosed with an NCD, a participant would not have addi-
tional events of that disease. DM and dysglycemia models
were adjusted for potential confounders, including study site
and sex. Renal insufficiency models were adjusted for elevated
BP and dysglycemia given the known risk factors for disease
[16, 17]. Analyses were performed in SAS 9.3 (SAS, Cary, NC)
and Stata 16.0 (StataCorp, College Station, TX).

3 RESULTS AND DISCUSS ION

3.1 Demographics and clinical characteristics

Between 21 January 2013 and 1 September 2021, 3762
participants were enrolled in AFRICOS and 3761 with age
data were included in these analyses (Table 1). Data from
the enrolment visit are presented in Table 1. Most of the
cohort were PLWH, 3099 (82.4%). There were fewer par-
ticipants aged ≥50, with the least comprised of PLWoH age
≥50 (n = 80, 2.1%). Among PLWH age <50, 1572 (60.0%)
had virologic suppression less than 1000 copies/ml. In com-
parison, a greater proportion of PLWH age ≥50 had viro-
logic suppression less than 1000 copies/ml (n = 351, 73.6%).
Thirty-six percent (n = 1135) of participants had a CD4 nadir
below 200 cells/mm3. Thirty-five percent (n = 1099) had an
enrolment CD4 above 500 cells/mm3. Most PLWH were on a
non-nucleoside reverse transcriptase inhibitor or an integrase
strand transfer inhibitor (INSTI); only 5.5% were on a pro-
tease inhibitor based regimen.

3.2 Prevalence of NCDs

There was a higher prevalence of NCDs in the ≥50 age
group for both PLWH and PLWoH at enrolment (Figure 1).
In PLWH age ≥50, the most common NCD was elevated BP
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Table 1. Demographic and clinical characteristics of study participants stratified by age and HIV status at enrolment

<50, PLWoH <50, PLWH ≥50, PLWoH ≥50, PLWH Total

n = 582 n = 2622 n = 80 n = 477 N = 3761 p-value

Study site <0.001

Kayunga, Uganda 95 (16.3%) 478 (18.2%) 18 (22.5%) 72 (15.1%) 663 (17.6%)

South Rift Valley, Kenya 176 (30.2%) 881 (33.6%) 32 (40.0%) 168 (35.2%) 1257 (33.4%)

Kisumu West, Kenya 123 (21.1%) 448 (17.1%) 17 (21.3%) 103 (21.6%) 691 (18.4%)

Mbeya, Tanzania 91 (15.6%) 488 (18.6%) 6 (7.5%) 109 (22.9%) 694 (18.5%)

Abuja and Lagos Nigeria 97 (16.7%) 327 (12.5%) 7 (8.8%) 25 (5.2%) 456 (12.1%)

Sex <0.001

Male 249 (42.8%) 1007 (38.4%) 41 (51.2%) 276 (57.9%) 1573 (41.8%)

Female 333 (57.2%) 1615 (61.6%) 39 (48.8%) 201 (42.1%) 2188 (58.2%)

Age (years), median (IQR) 32 (25.3–39) 35.4 (28.4–41.5) 54.8

(52.45–58.75)

54.8

(52.2–58.7)

37 (29.2–45.1) <0.001

Education <0.001

Primary or less 266 (45.7%) 1451 (55.3%) 47 (58.8%) 306 (64.2%) 2070 (55.0%)

Secondary or above 315 (54.1%) 1168 (44.5%) 33 (41.3%) 171 (35.8%) 1687 (44.9%)

Missing 1 (0.2%) 3 (0.1%) 0 (0.0%) 0 (0.0%) 4 (0.1%)

BMI 30+ <0.001

No 500 (85.9%) 2456 (93.7%) 66 (82.5%) 436 (91.4%) 3458 (91.9%)

Yes 81 (13.9%) 161 (6.1%) 14 (17.5%) 40 (8.4%) 296 (7.9%)

Missing 1 (0.2%) 5 (0.2%) 0 (0.0%) 1 (0.2%) 7 (0.2%)

Diabetes <0.001

No 293 (50.3%) 2546 (97.1%) 38 (47.5%) 457 (95.8%) 3334 (88.6%)

Yes 8 (1.4%) 31 (1.2%) 2 (2.5%) 18 (3.8%) 59 (1.6%)

Missing 281 (48.3%) 45 (1.7%) 40 (50.0%) 2 (0.4%) 368 (9.8%)

Dysglycemia <0.001

No 275 (47.3%) 2360 (90.0%) 33 (41.3%) 400 (83.9%) 3068 (81.6%)

Yes 26 (4.5%) 217 (8.3%) 7 (8.8%) 75 (15.7%) 325 (8.6%)

Missing 281 (48.3%) 45 (1.7%) 40 (50.0%) 2 (0.4%) 368 (9.8%)

Renal insufficiency 0.35

No 296 (50.9%) 2562 (97.7%) 39 (48.8%) 469 (98.3%) 3366 (89.5%)

Yes 1 (0.2%) 31 (1.2%) 0 (0.0%) 8 (1.7%) 40 (1.1%)

Missing 285 (49.0%) 29 (1.1%) 41 (51.2%) 0 (0.0%) 355 (9.4%)

Elevated BP <0.001

No 503 (86.4%) 2371 (90.4%) 49 (61.3%) 348 (73.0%) 3271 (87.0%)

Yes 79 (13.6%) 247 (9.4%) 31 (38.8%) 128 (26.8%) 485 (12.9%)

Missing 0 (0.0%) 4 (0.2%) 0 (0.0%) 1 (0.2%) 5 (0.1%)

ART type <0.001

EFV 959 (36.6%) 201 (42.1%) 1160 (37.4%)

NVP 521 (19.9%) 169 (35.4%) 690 (22.3%)

DTG 159 (6.1%) 0 (0.0%) 159 (5.1%)

PI 148 (5.6%) 22 (4.6%) 170 (5.5%)

ART naïve 827 (31.5%) 82 (17.2%) 909 (29.3%)

Other 8 (0.3%) 3 (0.6%) 11 (0.4%)

CD4 count nadir (cells/mm3) <0.001

<200 906 (34.6%) 229 (48.0%) 1135 (36.6%)

200–349 538 (20.5%) 111 (23.3%) 649 (20.9%)

350–499 259 (9.9%) 37 (7.8%) 296 (9.6%)

500+ 268 (10.2%) 28 (5.9%) 296 (9.6%)

Missing 651 (24.8%) 72 (15.1%) 723 (23.3%)

(Continued)
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Table 1. Continued

<50, PLWoH <50, PLWH ≥50, PLWoH ≥50, PLWH Total

n = 582 n = 2622 n = 80 n = 477 N = 3761 p-value

CD4 count (cells/mm3) 0.23

<200 479 (18.3%) 96 (20.1%) 575 (18.6%)

200–349 600 (22.9%) 123 (25.8%) 723 (23.3%)

350–499 563 (21.5%) 101 (21.2%) 664 (21.4%)

500+ 947 (36.1%) 152 (31.9%) 1099 (35.5%)

Missing 33 (1.3%) 5 (1.0%) 38 (1.2%)

Duration on ART <0.001

<6 months 379 (14.5%) 52 (10.9%) 431 (13.9%)

6 months–5 years 797 (30.4%) 166 (34.8%) 963 (31.1%)

5+ years 602 (23.0%) 173 (36.3%) 775 (25.0%)

ART naïve 827 (31.5%) 82 (17.2%) 909 (29.3%)

Missing 17 (0.6%) 4 (0.8%) 21 (0.7%)

Viral suppression <1000

copies/ml

<0.001

Not suppressed 995 (37.9%) 122 (25.6%) 1117 (36.0%)

Suppressed 1572 (60.0%) 351 (73.6%) 1923 (62.1%)

Missing 55 (2.1%) 4 (0.8%) 59 (1.9%)

Note: Participant characteristics at enrolment, by age and HIV status. Significant differences between the four age/HIV status groups were
assessed using Pearson chi-squared tests for categorical variables and Kruskal–Wallis for continuous variables to identify whether the propor-
tion with a particular characteristic is different in one or more groups as compared to the others.
Abbreviations: ART, antiretroviral therapy; DTG, dolutegravir; EFV, efavirenz; NVP, nevirapine; PI, protease inhibitor; PLWH, people living with
HIV; PLWoH, people living without HIV.

Figure 1. Prevalence of non-communicable diseases at enrolment. The prevalence of NCDs by age and HIV status at enrolment visit.
Abbreviations: PLWH, people living with HIV; PLWoH, people living without HIV; BP, blood pressure.

(26.9%), followed by dysglycemia (15.8%), obesity (8.4%) and
renal insufficiency (1.7%). PLWoH had a statistically significant
increased prevalence of elevated BP and obesity when com-
pared to PLWH in the same age group. There were no signif-
icant differences seen between PLWoH and PLWH age ≥50
for renal insufficiency and dysglycemia.

3.3 Factors associated with NCDs

Participants were followed for a median (IQR) of 4.66 (1.74–
6.08) years to evaluate factors associated with NCDs. In the
multivariable analysis for factors associated with dysglycemia
and diabetes (Table 2), there were significant increases in
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odds of having both diseases in PLWH and PLWoH age ≥50
when compared to PLWoH age <50. There were no signifi-
cant differences when comparing PLWH age <50 to PLWoH
age <50. Study site differences were seen for dysglycemia
and diabetes. Participants in Nigeria had 4.66 (95% CI: 3.52–
6.17) and 2.12 (95% CI: 1.13–3.99) odds of having dysg-
lycemia and diabetes, respectively, compared to participants in
Uganda. Participants in Kenya and Tanzania also had signifi-
cantly higher odds of having dysglycemia as compared to par-
ticipants in Uganda. BMI >30 was significantly associated with
dysglycemia and diabetes.

The multivariable analysis for renal insufficiency (Table 2)
demonstrated increased odds for PLWH age <50, PLWoH and
PLWH age ≥50 of having renal insufficiency when compared
to PLWoH age <50. The greatest odds of disease were seen
in PLWoH age ≥50 with wide CIs overlapping with the PLWH
age ≥50 CI’s. Study site differences were again seen with par-
ticipants in Nigeria having 4.0 (95% CI: 2.12–7.53) odds of
having renal insufficiency compared to participants in Uganda.
Participants with elevated BP and dysglycemia had increased
odds of having renal insufficiency, 1.91 (95% CI: 1.32–2.76)
and 1.48 (95% CI: 1.00–2.19), respectively.

4 D ISCUSS ION

NCDs are a leading cause of morbidity and mortality in low-
and middle-income countries [7, 18]. In this observational
cohort in four sub-Saharan African countries, there was a high
burden of NCDs. Over a quarter of PLWH age ≥50 had ele-
vated BP and over 15% had dysglycemia. Factors associated
with NCDs were consistent with those known to be a risk fac-
tor for NCDs, such as obesity increasing the risk for diabetes
or diabetes increasing the risk for renal insufficiency [16, 17].

Geographic heterogeneity was seen with NCDs in
AFRICOS. Cohort participants in Nigeria had the highest
odds of having dysglycemia and renal insufficiency. NCDs
account for up to 29% of all deaths in Nigeria [19]. Dietary
differences could account for the differences seen in renal
insufficiency as Nigerians appear to have higher salt intake
than recommended [20]. The study sites in Nigeria were
only in urban centres, which may explain dietary and physical
activity differences potentially accounting for differences seen
in NCDs [21]. Further analyses will be needed to understand
the aetiology for the geographic heterogeneity seen and to
better guide interventions.

Treatment of HIV with ART has been implicated in the
development of certain NCDs by side effects or toxicity. Long-
term use of tenofovir disoproxil fumarate (TDF) can result
in nephrotoxicity. Dolutegravir raises serum creatinine with-
out changing renal function because it inhibits proximal renal
tubular secretion of creatinine by organic cation transporters
[22]. In addition, the increased odds of renal insufficiency at
a younger age in PLWH may be due to “accelerated ageing”
where conditions seen in older persons appear in PLWH at a
younger age [8, 23]. In this cohort, there was an association
seen with renal insufficiency in the age <50 group with PLWH
having increased odds of having disease compared to PLWoH.
While this analysis did not focus on aetiology, the risk of renal
disease in PLWH can be modified by changing ART regimens.

Most participants in this cohort are on TDF and considera-
tions can be made to switch to newer, less nephrotoxic, teno-
fovir formulations in areas of high renal insufficiency preva-
lence.

INSTIs, particularly second-generation INSTIs, have been
implicated in substantial weight gain [24–26]. While over 70%
of PLWH age ≥50 were on an INSTI at the most recent visit,
DTG was not programmatically rolled out by PEPFAR until
late 2018 [27]. The maximum exposure time of DTG at the
time of this analysis would have been 3 years. Even though
the prevalence of obesity in PLWH age ≥50 was significantly
lower compared to age-matched counterparts without HIV,
the prevalence of obesity should be monitored as the dura-
tion of DTG increases. If the evidence for DTG association
with weight gain becomes stronger, programmatic considera-
tions can be considered weighing the benefits of DTG against
other options.

This study has multiple strengths, including a diverse pop-
ulation with extensive data collected since 2013. Limitations
are that this is an observational cohort with a low number of
participants aged≥50, particularly PLWoH in that age group
that limit statistical power. Testing for diabetes, dysglycemia
and renal insufficiency was not added to study procedures for
PLWoH until 2017 and, therefore, these data are not available
for these participants. However, data were included for sub-
sequent visits by these participants after amendment imple-
mentation. We attempted to adjust for confounders, including
study site, age, HIV status, sex and other diseases, known to
increase the risk of NCDs; however, we did not adjust for ART
exposure differences given the inclusion of PLWoH. We were
unable to adjust for other confounders, such as physical activ-
ity and nutrition, as these were not collected as part of the
study.

5 CONCLUS IONS

This study provides NCD prevalence and characteristics in an
ageing sub-Saharan African PLWH population. There was a
large burden of NCDs in this cohort that varied by geographic
region. If left unmitigated, NCDs can lead to downstream
effects, such as neurologic and cardiovascular disease, causing
significant morbidity and mortality. Treating individuals with
multiple comorbidities is complex and models of care will need
to be developed to appropriately manage these individuals.
The geographic component is important because in areas with
high burdens of NCDs it will be important to appropriately
allocate resources to promote healthy ageing with HIV.
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