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Abstract

Introduction: In people living with human immunodeficiency virus (PLHIV), traditional cardiovascular risk factors, exposure
to HIV per se and antiretroviral therapy (ART) are assumed to contribute to cardiometabolic diseases. Nevertheless, contro-
versy exists on the relationship of HIV and ART with diabetes. To clarify the relationship between HIV and type 2 diabetes,
this review determined, in PLHIV in Africa, diabetes and prediabetes prevalence, and the extent to which their relationship
was modified by socio-demographic characteristics, body mass index (BMI), diagnostic definitions used for diabetes and predi-
abetes, and HIV-related characteristics, including CD4 count, and use and duration of ART.

Methods: For this systematic review and meta-analysis (PROSPERO registration CRD42021231547), a comprehensive search
of major databases (PubMed-MEDLINE, Scopus, Web of Science, Google Scholar and WHO Global Health Library) was con-
ducted. Original research articles published between 2000 and 2021 in English and French were included, irrespective of
study design, data collection techniques and diagnostic definitions used. Observational studies comprising at least 30 PLHIV
and reporting on diabetes and/or prediabetes prevalence in Africa were included. Study-specific estimates were pooled using
random effects models to generate the overall prevalence for each diagnostic definition. Data analyses used R statistical soft-
ware and “meta” package.

Results: Of the 2614 records initially screened, 366 full-text articles were assessed for eligibility and 61 were selected. In
the systematic review, all studies were cross-sectional by design and clinic-based, except for five population-based studies.
Across studies included in the meta-analysis, the proportion of men was 16-84%. Mean/median age was 30-62 years. Among
86,412 and 7976 participants, diabetes and prediabetes prevalence rates were 5.1% (95% Cl: 4.3-5.9) and 15.1% (9.7-21.5).
Self-reported diabetes (3.5%) was lower than when combined with biochemical assessments (6.2%; 7.2%).

Discussion: While not statistically significant, diabetes and prediabetes were higher with greater BMI, in older participants,
urban residents and more recent publications. Diabetes and prediabetes were not significantly different by HIV-related fac-
tors, including CD4 count and ART.

Conclusions: Although HIV-related factors did not modify prevalence, the diabetes burden in African PLHIV was considerable
with suboptimal detection, and likely influenced by traditional risk factors. Furthermore, high prediabetes prevalence foreshad-
ows substantial increases in future diabetes in African PLHIV.
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1 | INTRODUCTION lenge of Africans experiencing both NCDs and infectious dis-

eases. This is particularly true in people living with human
Despite a focus on infectious diseases in Africa, there is immunodeficiency virus (PLHIV) following the successful roll-
growing acknowledgement of the increasing burden of non-  out of highly active antiretroviral therapy (HAART), which

communicable diseases (NCDs) as well as the double chal- has been accompanied by increased longevity [1-3]. The
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maturing of the HIV epidemic on the continent with ageing
populations has subsequently led to exposure to NCDs, and
a parallel increase in cardiovascular and cardiometabolic dis-
eases.

The aetiology of cardiometabolic diseases in PLHIV is multi-
factorial. Together with traditional cardiovascular risk factors,
such as ageing, obesity, unhealthy lifestyles and so on, expo-
sure to HIV per se and HAART are assumed to contribute to
cardiometabolic diseases [1, 2]. The use of HAART long-term
has been linked to dysregulation of glucose metabolism and
dyslipidaemia, chronic systemic inflammation, endothelial dys-
function and an increase in cardiovascular disease (CVD) risk
[1, 3-5].

Nevertheless, controversy exists, and debate is ongoing on
the relationship of HIV and HAART with type 2 diabetes
mellitus (hereafter referred to as diabetes); both increased
risk and no difference have been described in European pop-
ulations in high-income countries [6]. In Africa, the global
region with the greatest HIV burden (over 25 million indi-
viduals) [7], a meta-analysis of a few heterogeneous studies
published between 2008 and 2016, and with moderate-to-
high risk of bias, revealed no significant association between
prevalent diabetes and HIV or antiretroviral therapy (ART) [4].
In contrast, systematic reviews of studies prior to 2017 con-
ducted in PLHIV globally have reported significant relation-
ships between ART use and diabetes or prediabetes [5, 8].
Nevertheless, these reviews have highlighted the need for fur-
ther research to explore the interactions between prediabetes
and/or diabetes with ART in PLHIV [5].

Diabetes in PLHIV in Africa is poorly understood with
insufficient information on the epidemiology and influences
of this complex condition. This is of concern because of the
increasing diabetes burden in general populations in Africa
attributable to traditional risk factors [?], and likely a simi-
lar pattern in PLHIV. Moreover, unlike HIV, diabetes is inad-
equately detected and poorly controlled in Africa leading to a
rising burden linked to premature death [9, 10]. Diabetes has
the potential to threaten the advances in longevity achieved
with the advent of ART in PLHIV in Africa [5]. Exploring and
understanding the link between HIV and diabetes is important
to maintain the advances made in the battle against HIV. Such
information can inform strategies and interventions to effec-
tively address comorbid diabetes in PLHIV [1, 2, 6].

This systematic review and meta-analysis aimed to deter-
mine the pooled prevalence of diabetes and its precursor
state, prediabetes, among adult PLHIV in Africa. Addition-
ally, the meta-analysis examined the magnitude of diabetes
and prediabetes prevalence by socio-demographic characteris-
tics (age, gender and urban/rural residence), body mass index
(BMI), diagnostic definitions used for diabetes and predia-
betes, and HIV-related characteristics (CD4 count, and use
and duration of ART), among other predictive characteristics.

2 | METHODS

This systematic review, focusing on the prevalence of pre-
diabetes and diabetes in PLHIV in Africa (including North
Africa), was registered in the PROSPERO registry for system-
atic reviews (registration number CRD42021231547) [11].

The systematic review and meta-analyses were conducted in
accordance with the Preferred Reporting Items for Systematic
Reviews and Meta-Analysis (PRISMA guidelines) [12].
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A comprehensive electronic search was conducted across
major databases, including PubMed-MEDLINE, Scopus, Web
of Science, Google Scholar and WHO Global Health Library.
This was supplemented with manual scanning of reference
lists of relevant articles and reviews. The search terms com-
prised combinations of MeSH terms, CINAHL headings and
free words relating to prevalence, diabetes, prediabetes and
HIV/AIDS. The search terms for PubMed-MEDLINE are pre-
sented in Table S1 and were adapted accordingly for the other
databases. The search was filtered for original research arti-
cles conducted in Africa and published from 01 January 2000
to 31 December 2021 in English and French languages.

Search strategy

2.2 |
criteria

Selection of eligible studies and diagnostic

Observational studies (cross-sectional, case-control and
cohort studies) comprising at least 30 people, that reported
on the prevalence of diabetes and/or prediabetes among adult
PLHIV in Africa, were included. Studies reporting outcomes
in pregnant women, children or type 1 diabetes only were
excluded.

Criteria for diabetes included self-report and/or biochem-
ical testing using the following methods: oral glucose toler-
ance test (OGTT), fasting blood glucose (FBG) only, glycated
haemoglobin (HbA1c) or random blood glucose (RBG). Pre-
diabetes was determined on biochemical assessments only of
the latter tests. Although the cut-off points for diagnosing dia-
betes and prediabetes were not predefined, the biochemical
cut-points to diagnose diabetes across most studies were as
follows: FBG >7 mmol/L and/or 2-hour blood glucose >11.1
mmol/L; HbAlc >6.5%; and RBG >11.1 mmol/L. Prediabetes
was generally diagnosed as follows: impaired fasting glycaemia
(IFG): FBG: 6.1-6.9 mmol/L; impaired glucose tolerance (IGT):
2-hour blood glucose: 7.8-11.0 mmol/L; HbAlc: 5.7-6.4% and
RBG 7.8-11.0 mmol/L.

For the overall estimate of diabetes prevalence, each study
was included once only irrespective of the number of criteria
used for diagnosis. A tiered approach was used to include a
single prevalence estimate as follows: (1) OGTT; (2) FBG; and
(3) RBG. For example, if a study reported diabetes prevalence
using both OGTT and FBG, the OGTT-based diabetes preva-
lence was selected. Studies with self-report diabetes estimates
or data extracted from clinic folders were included. However,
studies that utilized HbA1c only for the diagnosis of diabetes
were excluded from the overall diabetes prevalence estimate
because HbAlc has not yet been recommended for diabetes
diagnostic purposes in African populations.

Similarly, for the overall estimate of prediabetes prevalence,
the tiered approach was as follows: (1) OGTT; (2) IGT; (3)
IFG; and (4) RBG. Two pooled prevalence estimates for pre-
diabetes, with and without studies that used HbAZ1c only,
were calculated. The studies that utilized HbAlc only were
excluded from the sub-group analyses.
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The studies were independently reviewed (KAN and NP) by
title and abstract for eligibility, followed by an assessment of
the relevant full texts. Disagreements were resolved by dis-
cussion and consensus or in consultation with a third inves-
tigator (APK). Relevant data for this review, extracted using
a data extraction form designed for this review, included the
following: (1) Manuscript details (author names and year of
publication); (2) Study characteristics (country, study design,
year of survey, study population, setting, sample size and sam-
pling method); (3) Definitions (criteria used to define predia-
betes or diabetes); and (4) Participant socio-demographic and
lifestyle characteristics (age, gender, smoking and alcohol use),
HIV-related factors (HIV stage, severity [CD4 count and viral
load], duration of HIV diagnosis, ART regimen and duration
of ART use) and comorbidities (obesity, hypertension, dyslipi-
daemia and co-infections, such as tuberculosis and hepatitis).

Screening and data extraction

2.4 | Assessment of the methodological quality of
included studies

The methodological quality of the included studies was evalu-
ated using a checklist adapted from Hoy et al. [13] and used
in previous systematic reviews [14]. The representativeness
of the sample, the sampling technique, the response rate, the
data collection method, the measurement tools, the case def-
initions and the statistical reporting were evaluated. Each of
the nine questions were scored as low [1] or high (0) risk of
bias. The total scores determined the risk of bias as follows:
low: 7-9, moderate: 4-6 and high: O-3.

The interrater disagreement was resolved by consensus or
in consultation with a third investigator (APK). The precision
(C) or margin of error was estimated for each included study,
considering the sample size (SS) and the observed prevalence
(p) of diabetes/prediabetes from the formula SS = Z2_p (1-
p)/C2, where Z is the z-value fixed at 1.96 across studies
(corresponding to the 95% confidence interval). The desirable
margin of error was 5% (0.05) or lower.
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Data analyses were conducted using the R statistical software
and the “meta” package. For each included study, the unad-
justed prevalence of diabetes and prediabetes were estimated
overall and across the major sub-groups of interest. The
study-specific estimates were pooled using random effects
models to generate the overall prevalence of diabetes and
prediabetes for each diagnostic definition. The variance of the
raw prevalence was stabilized using the Freeman-Tukey dou-
ble arc-sine transformation before pooling the data to min-
imize the effect of extreme prevalence on the overall esti-
mates. Data are presented as prevalence (%) and 95% con-
fidence intervals (Cl). A p-value <0.05 described statistically
significant differences in findings within each diagnostic crite-
rion overall, and by sub-group analyses.

Heterogeneity among studies was assessed using [2,
Cochran’s Q and H statistics. 12 values of <50% represented
low heterogeneity and >75% described high heterogeneity.
Potential sources of heterogeneity were explored by com-
paring the prevalence of diabetes and prediabetes between

Data synthesis and analyses

sub-groups of interest. These comparisons used the Q-test
based on the Analysis of the Variance. Differences in major
characteristics, such as study design, study populations, and
diagnostic criteria and cut points for diabetes and predia-
betes, were used to define sub-groups of interest, for example
discrete categories (gender, setting, year of publication, diag-
nostic criteria and ART use) or by using median values of the
summary estimates for continuous characteristics (age, BMI,
sample size and ART duration).

The presence of publication bias was assessed using the
funnel plots. This was supplemented by formal statistical
assessments using the Egger test of bias [15]. A p-value <0.05
illustrated a significant asymmetry of the funnel plot and evi-
dence of publication bias. The Duval and Tweedie trim-and-
fill was used to adjust estimates for the effects of publication
bias.

Ethical approval was not required as this was secondary
analyses of published data.

3 | RESULTS

31 |

After duplicate removals from the 4083 records identified,
titles and abstracts of 2614 records were screened, and 366
full-text articles were assessed for eligibility (Figure 1). Of
these, 61 fulfilled the eligibility criteria and were included in
this review. One article [16] reported surveys at three time
points which were counted separately, making a total of 63
studies included in the meta-analysis.

All relevant HIV-related factors (HIV staging and viral
load) and co-morbidities (hypertension, dyslipidaemia and co-
infections) were not extracted as planned because of the lack
of such data or an inadequate number of studies reporting the
requisite data for meaningful analyses.

The review processes and data extraction

3.2 |
studies

Methodological quality of the included

The risk of bias assessment for the included studies is sum-
marized in Figure 2. Eight studies had a low risk of bias and
55 studies had a moderate risk of bias. Among the latter, 33
studies involved less than 500 participants, while 16 studies
reported using some form of random selection approach to
select participants.

3.3 |
studies

Studies were published between 2008 and 2021 (Table 1).
One study was published before 2010 [17], nine were pub-
lished from 2011 to 2015 [18-26] and 5-10 studies were
published yearly thereafter. The highest number of included
studies were from South Africa (n = 18) [16, 18, 34-39, 24,
27-33], followed by Ethiopia (n = 8) [26, 40-46] and Tanza-
nia (n = 7) [19, 22, 25, 47-50], with four studies each from
Cameroon [19, 51-53], Ghana [21, 54-56], Kenya [17, 57-
59], Malawi [60-63] and Uganda [64-67].

All studies were cross-sectional and clinic-based, except five
studies that were population-based (four from South Africa

General characteristics of the included


http://onlinelibrary.wiley.com/doi/10.1002/jia2.26059/full
https://doi.org/10.1002/jia2.26059

Peer N et al. Journal of the International AIDS Society 2023, 26:¢26059
http://onlinelibrary.wiley.com/doi/10.1002/jia2.26059/full | https://doi.org/10.1002/jia2.26059

[ Identification of studies via databases ]
S
= Records identified from database :
.S searching Dupllcate( r:i(ﬁg:lgs)removed
= (n=4083)
c
)
K=}
v
Records screened: Title and Records excluded:
Abstract EEEE— No Abstract (n=166)
(n=2614) Irrelevant (n=1384)
v
g Reports not retrieved
= ) . eports not retrieve:
= Articles sought for retrieval (conference abstracts)
g (n=372) ’ (n=6)
»n
v
Reports excluded:
Full-texts assessed for eligibility Duplicates (n=23)
(n=366) > Reviews, book chapters,
commentary, supplementary
— (n=85)
No diabetes or prediabetes
prevalence (n=197)
v
. . . . 1 article reported surveys at 3
Articles m(crl]i%ic)j In review time-points; each survey was
2 counted separately
E v
E
= Studies included in quantitative
synthesis (meta-analysis)
(n=63)

Figure 1. Preferred Reporting Items for Systematic Reviews and Meta-Analysis (PRISMA) diagram.

Risk of Bias by Items

1. Was the study’s target population a close representation of
the national population in relation to relevant variables?

2. Was the sampling frame a true or close representation of
the target population?

3. Was some form of random selection used to select the
sample, OR, was a census undertaken?

4. Was the likelihood of non-response bias minimal?

5. Were data collected directly from the subjects (as opposed
to a proxy OR medical record)?

6. Was an acceptable case definition used in the study?

7. Was the study instrument that measured the parameter of
interest shown to have reliability and validity?

8. Was the same mode of data collection used for all subjects?

9. Were the numerator(s) and denominator(s) for the
parameter of interest appropriate?

W Low risk M High risk 0% 20% 40% 60% 80% 100%

Figure 2. Risk of bias assessments for the included studies.
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and one from Uganda). Forty studies were conducted in urban
settings only, five in rural settings only [29-31, 58, 65] and
18 in both urban and rural settings. Most studies (n = 44)
recruited unselected samples, while 16 studies used random
sampling techniques; three studies did not specify the sam-
pling technique.

Most studies (n = 44) had less than 1000 participants and
11 studies had between 1000 and 2000 participants; the
sample sizes ranged from 107 to 41,891 participants. The
proportion of males in the studies ranged from 16% to 84%.
The mean/median age ranged from 30 to 62 years. Most stud-
ies were conducted in >18-year-old adults but a few focused
on older adults (>30 years: n = 3 [24, 56, 62]; >40 vyears: n
= 3[29, 67, 68]; > 50 years: n = 1 [64]).

34 |

Among the 63 included studies, 35 defined diabetes using bio-
chemical criteria and/or a self-reported diagnosis, 20 defined
diabetes using biochemical criteria only and 11 studies
described self-reported diabetes only (Table S2). The most
common biochemical tests used were OGTT and FBG (Table
S2). Seven studies used HbAlc alone to diagnose diabetes
and were excluded from the overall diabetes prevalence esti-
mate [24, 31, 38, 51, 59, 62, 68] because HbAlc has been
shown to underperform in African populations [69]. Estimates
from 56 studies were pooled to determine the overall dia-
betes prevalence. However, five studies reported diabetes
prevalence in sub-groups only and were counted as separate
studies. These included four that determined diabetes preva-
lence separately in ART naive and ART users [18, 25, 49, 57],
and a single study that described diabetes prevalence in ART
naive, first-line ART users and second-line ART users [18].
Thus, a total of 62 studies were pooled to derive the overall
diabetes prevalence estimate (Table 2).

Two overall pooled prediabetes prevalence estimates were
calculated across studies that utilized HbAlc (n = 30) and
those that did not (n = 24). The six studies that diagnosed
prediabetes using HbA1c alone were excluded from the sub-
group analyses [31, 38, 51, 59, 62, 67] (Tables S2 and S3).
Among the studies that described prediabetes, IGT was the
most frequently reported form, followed by IFG.

Biochemical tests utilized in included studies

35 |

The diabetes prevalence rates by biochemical tests and/or
self-reported diabetes are illustrated in the forest plots in
Figure 3. Overall, 3559 of the 86,412 participants included
in the overall pooled estimate had diabetes, corresponding to
a prevalence of 5.1% (95% Cl: 4.3-5.9). Self-reported dia-
betes prevalence per se, at 3.5% (2.2-5.1), was much lower
than when combined with biochemical assessments (OGTT
and/or self-report: 6.2% [2.5-11.3]); FBG and/or self-report:
7.2% [5.3-9.3]). For these data, the 12 was between 92% and
95%, and the p-heterogeneity was <0.001.

Although not significantly different, diabetes prevalence
was generally higher in participants who were older (cut-point
39 vears: 6.0% [4.5-7.6] vs. 4.5% [3.5-5.7]), had higher BMI
(cut-point 23 kg/m?: 7.1% [4.7-9.9] vs. 4.5% [2.8-6.6]), lived
in urban versus rural areas (4.8% [3.8-5.9] vs. 3.8% [0.9-8.4])

Prevalence of diabetes

and in studies published after versus before 2018 (5.8% [4.4-
7.3] vs. 4.2% [3.3-5.1]). Diabetes prevalence was also not sig-
nificantly different by HIV-related factors of CD4 count, ART
use or duration of ART use. There was also substantial het-
erogeneity for the diabetes prevalence by sub-group analyses;
the 12 was between 92% and 97%, and p-heterogeneity <0.001.
For the overall diabetes prevalence, there was some evi-
dence of publication bias overall (p = 0.002 for the Egger
test). There was also evidence of bias among studies con-
ducted in clinic-based settings (p = 0.003), urban areas (p =
0.033) and in participants younger than 40 years of age (p
= 0.002). In trim and fill analyses however, imputed studies
always had implausible effect estimates, with diabetes preva-
lence always lower than 1%, and null in about half of imputed
studies (Figures S1-S4). This is unlikely and suggests that
publication bias was a spurious finding (Figure S5).

3.6 | Prevalence of prediabetes

The prediabetes prevalence is presented in Table S4 and
Figure 4. Prevalence was similarly high across studies that
did not use HbA1c and those that did: 15.1% (25% Cl: 9.7~
21.5) versus 15.2% (10.8-20.1). There was no significant dif-
ference in prediabetes prevalence by sub-groups (Table S4).
However, prediabetes was higher in older (>39 years) com-
pared with younger participants (22.5% [11.6-35.7] vs. 9.7%
[5.5-14.8]), in women compared with men (10.0% [3.9-18.5]
vs. 6.2% [0.3-17.6]), in those with higher BMI (>25 kg/m?)
compared with BMI <25 kg/m? (18.1% [5.2-36.2] vs. 10.3%
[3.9-18.5]) and in publications after 2017 than before (17.1%
[8.7-27.5] vs. 13.2% [7.7-19.8]). Prediabetes prevalence was
similar by CD4 counts, ART use and duration of ART use,
although point-estimates were higher in ART naive and par-
ticipants with shorter duration of ART use.

Considerable heterogeneity was also apparent across stud-
ies for prediabetes prevalence with I between 95% and 99%,
and p-heterogeneity <0.001. There was some evidence of pub-
lication bias when studies that used HbAlc alone were not
accounted for (p = 0.015 for the Egger test), but not when
these studies were included in the analysis (p = 0.197). Evi-
dence of bias was also apparent across clinic-based stud-
ies (p = 0.008) and those in urban settings (p = 0.017). In
trim and fill analyses, imputed studies systematically had very
high effect estimates, with prediabetes prevalence of 50% or
higher. This is implausible and suggests that findings of publi-
cation bias were spurious findings (Figures S6-S8).

4 | DISCUSSION

This systematic review and meta-analysis conducted in adult
PLHIV in Africa illustrates an established burden of diabetes,
at 5.1%, and a high prediabetes prevalence of 15.2%. This
diabetes prevalence accords with the 5.3% age-adjusted dia-
betes prevalence in the Africa region reported in the 2021
International Diabetes Federation (IDF) Atlas [70]. The age-
adjusted IGT and IFG prevalence rates in the Africa region
were 12.6% and 8.0%, respectively. The comparative preva-
lence rates of diabetes and prediabetes in PLHIV compared
with general populations likely suggest similar influences in
their development of dysglycaemia.
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Weight Weight

Study Country Sample size Prevalent diabetes Prevalence 95%-Cl (fixed) (random)
FBG :
Sarfo 2021 Ghana 502 68 ! —— 13.55 [10.83;16.82] 0.7% 2.7%
Hema 2021 Burkina Faso 4259 311 Vi 730 [6.56; 812] 59% 3.0%
Gebrie 2020 Ethiopia 407 36 i —_ 885 [6.46;1200] 06% 2.7%
Duguma 2020 Ethiopia 271 31 V) —— 1144 [8.18;15.78] 0.4% 2.5%
Fiseha 2019 Ethiopia 408 36 : —— 882 [6.44;1197] 06% 2.7%
Muchira 2019 Uganda 118 23 ! ——— 1949 [13.35;27.55] 0.2% 2.1%
Faurholt-Jepsen 2019 Ethiopia 332 22 pe—= 663 [442; 983] 05% 26%
Ngu 2018 Cameroon 311 35 i —— 1125 [8.20;15.25] 0.4% 26%
Noumegni 2017 Cameroon 452 9 = 199 [1.05 3.74] 06% 2.7%
Kazooba 2017 Uganda 1015 36 + 355 [257; 4871 1.4% 2.9%
Abebe 2016 Ethiopia 462 37 E = 801 [587;10.84] 06% 2.7%
Mohammed 2015 Ethiopia 393 25 i 636 [435922] 05% 26%
Kagaruki 2014 Tanzania 671 28 r 417 [290; 596] 09% 2.8%
Sawadogo 2014 Burkina Faso 400 5 +! 125 [0.54; 289] 06% 2.7%
Fixed effect model 10001 : + 6.62 [6.14; 7.12] 14.0% -
Random effects model | > 716 [5.31; 9.26] - 37.0%
Heterogeneity: /2 = 92%, t* = 0.0046, p < 0.01 5
HbA1c i
Sarfo 2021 Ghana 502 35 i —— 697 [5.06; 954] 0.7% 2.7%
Faurholt-Jepsen 2019 Ethiopia 284 24 Il == 845 [574,1227] 04% 2.5%
Rucker 2018 Malawi 379 4 =i 106 [041; 268] 0.5% 2.6%
Rabkin 2018 Swaziland 1826 90 i* 493 [403;602] 26% 2.9%
Fixed effect model 2991 R 485 [4.10; 5.65] 4.2% -
Random effects model - 486 [2.40; 8.10] - 10.8%
Heterogeneity: 1> = 90%, t° = 0.0040, p < 0.01 ;
Mixed criteria ;
Singano 2021 Malawi 1316 31 - 236 [166; 3.32] 18% 2.9%
Rajagopaul 2021 South Africa 301 6 + 199 [092; 428] 0.4% 26%
Njoroge 2021 Kenya 600 30 E-‘— 500 [352; 705 08% 2.8%
Faurholt-Jepsen 2019 Ethiopia 332 44 1 — 13.25 [10.02;17.32] 0.5% 26%
Hyle 2019 South Africa 458 26 E--— 568 [3.90; 819] 06% 2.7%
Appiah 2019 Ghana 345 15 - 435 [265; 705] 05% 26%
Pfaff 2018 Malawi 2979 25 . : 084 [057; 1.24] 42% 3.0%
Kansiime 2018 Uganda 387 18 T 465 [296; 723] 05% 26%
Ekrikpo 2017 Nigeria 1818 102 v 561 [464, 677] 25% 2.9%
Gaziano 2017 South Africa 1134 86 E e 758 [6.18; 927] 16% 2.9%
Divala 2016 Malawi 952 39 he 410 [3.01; 555 1.3% 2.8%
Isa 2016 Nigeria 2632 61 - 232 [181;297] 37% 3.0%
Nagu 2012 Tanzania 41891 1257 ! 300 [284; 317] 585% 3.0%
Fixed effect model 55145 4 299 [285; 3.14] 77.0% -
Random effects model i’ 415 [3.05; 5.41] - 36.3%
Heterogeneity: /% = 95%, t° = 0.0025, p < 0.01 !
OGTT i
Kato 2020 Tanzania 306 12 a+ 392 [226; 673] 04% 26%
Kato 2020 Tanzania 306 52 : —r— 16.99 [13.20;21.60] 0.4% 26%
Faurholt-Jepsen 2019 Ethiopia 332 25 | 753 [5.15;10.88] 0.5% 26%
Nguyen 2019 South Africa 748 47 i ol 628 [4.76; 826] 1.0% 2.8%
Nkinda 2019 Tanzania 240 2 4 083 [0.23;299] 0.3% 2.5%
Fixed effect model 1932 .4 6.43 [5.37; 7.58] 2.7% -
Random effects model f'- 6.18 [2.49;11.31] - 13.0%
Heterogeneity: /> = 94%, t° = 0.0100, p < 0.01 !
RBG :
Juma 2019 Kenya 1502 7 | 047 [023; 096] 21% 2.9%
Fixed effect model 1502 + : 047 [0.17; 0.89] 21% -
Random effects model (3] 0.47 [0.17; 0.89] - 2.9%
Heterogeneity: not applicable E
Fixed effect model 71571 ' 3.47 [3.33; 3.61] 100.0% -
Random effects model * 537 [4.37; 6.46] - 100.0%
Heterogeneity: /* = 96%, t° = 0.0046, p < 0.01

5 10 15 20 25

Prevalence & 95% confidence interval

Figure 3. Pooled prevalence of diabetes across studies using biochemical tests and/or self-reports to diagnose diabetes. Each diagnostic
criterion included biochemical test and/or self-reported diabetes. For each study, the black box represents the study estimate (preva-
lence of diabetes) and the horizontal bar denotes the 95% confidence intervals (95% Cl). The size of the boxes is proportional to the
inverse variance. The diamonds at the lower tail of the figure are for the pooled effect estimates from both random and fixed effects
models. The proportional contribution of each study (weight) to the pooled estimates is also shown separately for fixed and random
effects models, together with the prevalence estimates and measures of heterogeneity. The vertical line is centred on the pooled esti-
mates.
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Study Country Sample size Pre-diabetes Prevalence 95% CI Weight (fixed) Weight (random)
IFG i

Sarfo 2021 Ghana 502 241 ] - 48.01 [43.67; 52.38] 6.3% 42%
Duguma 2020 Ethiopia 271 45 -li— 16.61 [12.65; 21.50] 3.4% 4.2%
Muchira 2019 Uganda 118 9 - 763 [4.06; 13.86) 1.5% 41%
Ataro 2018 Ethiopia 425 43 -*i 10.12 [7.60; 13.35] 5.3% 4.2%
Mohammed 2015 Ethiopia 393 77 '.-_ 19.59  [15.97;23.80] 4.9% 4.2%
Ngatchou 2013 Cameroon 108 51 ! —— 4722 [38.06; 56.57] 1.4% 4.0%
Ngala 2013 Ghana 164 i - 5 427 [2.08; 8.55] 21% 41%
Fixed effect model 1981 . 21.90  [20.10; 23.76] 24.8% -
Random effects model — 19.69 [ 8.55; 33.95] - 29.1%
Heterogeneity: 1> = 98%, ° = 0.0462, p < 0.01 i

IFGorIGT 5

Jeremiah 2020 Tanzania 1290 601 ! = 46.59  [43.88;49.32) 16.2% 4.3%
Praygod 2017 Tanzania 273 57 - 20.88  [16.48;26.09] 3.4% 4.2%
Dave 2011 South Africa 443 104 i-l- 2348  [19.77;27.64] 5.6% 4.2%
Dave 2011 South Africa 406 75 L 18.47  [15.00; 22.54] 51% 4.2%
Manuthu 2008 Kenya 295 57 -f— 19.32 [15.22;24.21] 3.7% 4.2%
Fixed effect model 2707 . 4 3234  [30.58; 34.12] 33.9% -
Random effects model T— 2532 [13.73; 39.03] - 21.1%
Heterogeneity: /% = 98%, t° = 0.0275, p < 0.01 :

IGT ;

Hird 2021 South Africa 487 28 L 575 [4.01; 8.18] 6.1% 4.2%
Kato 2020 Tanzania 306 14 = i 458 [2.74; 7.53] 3.8% 4.2%
Kato 2020 Tanzania 306 70 f—l— 2288  [18.52;27.90] 3.8% 4.2%
Faurholt-Jepsen 2019 Ethiopia 332 62 2 18.67  [14.85;23.22] 4.2% 4.2%
Nkinda 2019 Tanzania 240 26 - 5 10.83 [7.50; 15.40] 3.0% 4.2%
Levitt 2016 South Africa 393 17 L 433 [2.72; 6.82] 4.9% 4.2%
Levitt 2016 South Africa 439 1 = | 251 [1.40; 4.43] 5.5% 4.2%
Levitt 2016 South Africa 108 13 —*ﬁ: 12.04 [7.17;19.51] 1.4% 4.0%
Sinxadi 2016 South Africa 106 ] —— 10.38 [5.89; 17.63] 1.3% 4.0%
Maganga 2015 Tanzania 151 6 - 5 397 [1.83; 8.40] 1.9% 41%
Maganga 2015 Tanzania 150 21 —-r 14.00 [9.34; 20.46] 1.9% 41%
Fixed effect model 3018 ¢ 8.20 [7.23; 9.22] 37.9% -
Random effects model - i 9.06 [5.38; 13.56] - 45.7%
Heterogeneity: P= 93%, = 0.0130, p < 0.01 E

RBG=7.8-11mmol/l i

Shankalala 2017 Zambia 270 30 - 11.11 [7.89;15.42) 3.4% 4.2%
Fixed effect model 270 > i 1.1 [7.62; 15.16] 3.4% -
Random effects model > ! 11.11 [7.62; 15.16] - 4.2%
Heterogeneity: not applicable 5

Fixed effect model 7976 i 18.75 [17.90;19.62] 100.0% -
Random effects model 15.10 [9.67; 21.46] - 100.0%

Heterogeneity: 1° = 98%, t° = 0.0410, p < 0.01

10 20 30 40 50
Prevalence & 95% confidence interval

Figure 4. Pooled prediabetes prevalence in people living with HIV, presented by biochemical tests. For each study, the black box repre-
sents the study estimate (prevalence of diabetes) and the horizontal bar denotes the 95% confidence intervals (95% Cl). The size of the
boxes is proportional to the inverse variance. The diamonds at the lower tail of the figure are for the pooled effect estimates from both
random and fixed effects models. The proportional contribution of each study (weight) to the pooled estimates is also shown separately
for fixed and random effects models, together with the prevalence estimates and measures of heterogeneity. The vertical line is centred

on the pooled estimates.

The prevalence of self-reported diabetes only (3.5%), which
reflects diabetes awareness or detection rather than true
prevalence, was lower than combined self-report with bio-
chemically assessed diabetes (OGTT: 6.2%; FBG: 7.2%). Fur-
ther, although not statistically significant, general trends in
sub-group analyses conformed with traditional diabetes risk
factors and were in the expected direction; prevalence rates
were higher with older age, greater BMI and in urban res-
idents. Notably, a rising prevalence of diabetes and predia-
betes over time was suggested by higher rates in recent ver-
sus earlier publications. There were no clear trends for dia-
betes and prediabetes prevalence by HIV-related factors.

The lower prevalence of known or self-reported diabetes
compared with diabetes prevalence identified on combined
biochemical analyses with self-report suggests that a substan-
tial proportion of PLHIV with co-morbid diabetes were undi-

agnosed for the latter condition. This is likely similar to gen-
eral populations in Africa where a substantial proportion of
diabetes is undiagnosed [?2, 10]. However, unlike general pop-
ulations, these PLHIV are in regular contact with health ser-
vices and would be expected to have all co-morbidities, includ-
ing diabetes identified. Unfortunately, in practice, ART is gen-
erally provided by international donors in Africa with little
funding or care provided for NCDs [71]. Consequently, there
are disparities in management with the free treatment pro-
vided for HIV but a minimal focus on diabetes and other
CVDs, such as hypertension and dyslipidaemia.

This is a missed opportunity to holistically manage the
rise in NCD comorbidities in PLHIV in Africa. Policymakers
should be alerted to the tangible shift in approach that is
urgently required for the care of this vulnerable population.
There needs to be a swing from a focus on HIV itself to
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a more comprehensive approach that encompasses the care
of neglected NCD co-morbidities. This is important if the
momentum gained in increasing life expectancy in PLHIV in
Africa is to be maintained. Screening for diabetes should be
included in routine assessments of PLHIV in Africa, which is
currently not standard practice [8].

The urgent need for this shift in approach for the care of
diabetes and other NCD co-morbidities in African PLHIV is
underscored by the high burden of prediabetes demonstrated
in this review; almost one in six people were affected. Gener-
ally, it is predicted that 5-10% of individuals with prediabetes
will progress to diabetes annually [72]. This likely foretells of
a substantial increase in diabetes prevalence in this vulner-
able population in future. The effectiveness of HAART with
increased longevity and subsequent ageing, and the uptake of
unhealthy lifestyle behaviours will likely translate to the high
prediabetes burden progressing to diabetes. A recent system-
atic review demonstrated that, similar to general populations,
traditional risk factors, such as older age, diabetes family his-
tory, overweight/obesity and so on, were among the main con-
tributors to the development of dysglycaemia in PLHIV glob-
ally, including in Africa [5]. The higher prevalence of diabetes
and prediabetes with older age and higher BMI in the cur-
rent review likely corroborates the influence of traditional risk
factors in the development of dysglycaemia in African PLHIV.
Therefore, the large burden of prediabetes in African PLHIV
with the potential for conversion to diabetes in the future
possibly mirrors the diabetes trends predicted for general
populations in Africa.

Reinforcing the future expansion of diabetes in PLHIV in
Africa, although not significant, was the higher prevalence
of diabetes and prediabetes illustrated in recent years. This
increasing pattern is likely a reflection of the diabetes trend
predicted in general populations in Africa. The 4.7% diabetes
prevalence estimated in Africa in 2019 is expected to rise to
5.2% by 2045 with a more than doubling of the absolute num-
bers [10]. The current literature and this review likely under-
line a shift in the disease burden from communicable diseases
to NCDs in Africa with diabetes a significant disease entity in
the region [9, 73], even in PLHIV.

Similar to the findings of a systematic review conducted
a few years ago but using different eligibility criteria for
included studies [4], the current review found no statisti-
cally significant difference in diabetes prevalence by ART sta-
tus. Two additional systematic reviews, one conducted in Sub-
Saharan Africa [6] and the other in a few longitudinal studies
in PLHIV globally [8], reported no association between ART
use and FBG. Nevertheless, the uncertainty of the evidence
is highlighted by the overall findings in the review by Nduka
and colleagues, which included mainly cross-sectional studies.
They reported an association between ART use and diabetes,
diagnosed on mean FBG levels [8]. Moreover, a systematic
review by Nansseu and colleagues of longitudinal studies con-
ducted in PLHIV globally reported an association between a
cumulative exposure to some ART drugs and incident diabetes
and prediabetes, but this finding was not consistent across
studies [5]. Despite their differences in the eligibility criteria
for included studies, these systematic reviews underscore the
absence of clear irrefutable evidence linking the development
of diabetes with ART [74].

24

Over the last few years, there has been a change to the use
of newer ART drugs with fewer metabolic effects [5]. Stud-
ies conducted in populations using newer drugs would have
been unlikely to be included in the reviews of studies pub-
lished prior to 2017. Further research detailing the newer
ART drugs used in recent studies and their specific contribu-
tions to the development of diabetes, if any, is required. This
includes dolutegravir, an integrase inhibitor, which has been
found to be more effective and better tolerated than older
ART medications, leading to its recommended use as a pre-
ferred first- and second-line ART by the World Health Orga-
nization [75]. Recent evidence from Africa describes greater
odds of hyperglycaemia in PLHIV treated with dolutegravir
compared with other ART regimens even after adjusting for
potential confounders of age, BMI and co-morbid hyperten-
sion [75]. If a wider body of research confirms these find-
ings, systematic screening for diabetes and prediabetes prior
to the use of dolutegravir may need to be incorporated into
HIV treatment guidelines [75].
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The strengths of this review include the following: (1) using a
review protocol with a comprehensive and systematic search
strategy examining five separate databases and the reference
lists of eligible studies; (2) evaluating a large number of par-
ticipants from different studies; and (3) using the Freeman-
Tukey double arc-sine transformation which stabilized the
variance of primary studies before combining the data; this
limited the effect on the pooled estimates of studies with
small or large prevalence rates.

The limitations of this review include the following: (1)
the restriction to English and French languages may have
excluded eligible studies in other languages and introduced a
language bias; (2) the inability to examine, because of insuf-
ficient data, the associations by ART drug category, which
may have been clinically relevant; (3) the inability to describe,
because of insufficient data, the associations by adiposity cat-
egory, which may have underscored the importance of the
relation of traditional risk factors with diabetes; (4) the inclu-
sion of only cross-sectional studies precluded any causal infer-
ences; (5) few (six) eligible studies had a low risk of bias; (6)
the substantial heterogeneity among included studies; and (7)
the inability to explore the association with a family history
of diabetes, which is a key risk factor for diabetes; this was
because of insufficient data.

Strengths and limitations

5 | CONCLUSIONS

As the diabetes epidemic worsens in Africa, adult PLHIV are
affected as severely, and by similar socio-demographic and
anthropometric factors, as Africans without HIV. Furthermore,
the high prevalence of prediabetes portends a likely increase
in future diabetes. Policymakers in African countries must
be alerted to the need to integrate cost-effective and effi-
cient screening, prevention and treatment of diabetes with
HIV care; this will maintain the momentum and secure the
advances made in optimizing HIV management. Otherwise,
the future will witness a substantial proportion of PLHIV in
Africa succumbing to premature diabetes and CVD-related
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morbidity and mortality. Evidence-based research is needed
to provide guidance on the best strategies and approaches
for the integration of diabetes and CVD prevention and care
with HIV management. This review, comprising cross-sectional
studies, highlights the lack of associations between diabetes
and HIV-related factors of CD4 count, ART use and dura-
tion of ART use. Longitudinal studies are, therefore, needed
to clearly elucidate the influences, both traditional and HIV
related, on the development of diabetes in African PLHIV.
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Information tab for this article:

Figure S1: Forest plot showing the overall pooled prevalence
of diabetes in people living with HIV, from the trim and fill
analyses.

Figure S2: Forest plot showing the pooled prevalence of dia-
betes in people living with HIV in clinic-based studies, from
the trim and fill analyses.

Figure S3: Forest plot showing the pooled prevalence of dia-
betes in people living with HIV in urban settings, from the
trim and fill analyses.

Figure S4: Forest plot showing the pooled prevalence of dia-
betes in people younger than 40 years old living with HIV,
from the trim and fill analyses .

Figure S5: Funnel plots for studies that reported prevalence
of diabetes in people living with HIV (A) overall and (B) in
clinic-based settings from the trim and fill analyses. Black dots
identify the actual studies while clear dots identify imputed
studies.

Figure Sé6: Forest plot showing the pooled prevalence of pre-
diabetes in people living with HIV, from the trim and fill anal-
VSES.

Figure S7: Forest plot showing the pooled prevalence of pre-
diabetes in people living with HIV in studies in clinical set-
tings, from the trim and fill analyses.

Figure S8: Forest plot showing the pooled prevalence of pre-
diabetes in people living with HIV in studies in urban areas,
from the trim and fill analyses.
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