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ABSTRACT

Whether integrase strand transfer inhibitors (INSTIs) are
associated with a higher risk of incident type 2 diabetes
mellitus (DM) than other antiretroviral therapies (ART)
needs to be established.

MEDLINE, Embase, Web of Science, and ClinicalTrials.gov
registries were searched for studies published between 1
January 2000 and 15 June 2022. Eligible studies reported
incident DM or mean changes in insulin resistance
measured by Homeostatic Model for Insulin Resistance
(HOMA-IR) in patients on INSTIs compared with other ARTSs.
We performed random-effects meta-analyses to obtain
pooled relative risks (RRs) with 95% Cls.

A total of 16 studies were pooled: 13 studies meta-
analyzed for incident diabetes with a patient population

of 72404 and 3 for changes in HOMA-IR. INSTI therapy
was associated with a lower risk of incident diabetes in
13 studies (RR 0.80, 95% CI 0.67 to 0.96, ’=29%), of
which 8 randomized controlled trials demonstrated a 22%
reduced risk (RR 0.88, 95% Cl 0.81 to 0.96, I>=0%). INSTIs
had a lower risk compared with non-nucleoside reverse
transcriptase inhibitors (RR 0.75, 95% Cl 0.63 to 0.89,
I2=0%) but similar to protease inhibitor-based therapy
(RR 0.78, 95%Cl 0.61 to 1.01, [>=27%). The risk was
lower in studies with longer follow-up (RR 0.70, 95% Cl
0.53 to 0.94, [2=24%) and among ART-naive patients (RR
0.78,95%Cl 0.65 to 0.94, I2=3%) but increased in African
populations (RR 2.99, 95% Cl 2.53 to 3.54, I2=0%).

In conclusion, exposure to INSTIs was not associated with
increased risk of DM, except in the African population.
Stratified analyses suggested reduced risk among ART-
naive patients and studies with longer follow-up.
International Prospective Register of Systematic Reviews
(PROSPERO) registration number; CRD42021273040.

INTRODUCTION

Antiretroviral therapy (ART) has revolution-
ized HIV treatment and significantly reduced
AIDS-associated mortality globally, particu-
larly in sub-Saharan Africa.' People living with
HIV (PLHIV) have more prevalent insulin
resistance and diabetes mellitus (DM) than

WHAT IS ALREADY KNOWN ON THIS TOPIC

= People living with HIV (PLHIV) have a higher preva-
lence of metabolic perturbations compared with HIV-
negative populations, and integrase strand transfer
inhibitors (INSTIs) are currently the preferred first-
line and second-line antiretroviral therapy (ART).

= Some studies suggested more weight gain among
INSTIs users compared with other ART regimens,
while others reported accelerated hyperglycemia
preceded by weight loss, weeks to a few months
after initiating INSTIs.

WHAT THIS STUDY ADDS

= This systematic review and meta-analysis compris-
ing ~75 000 PLHIV on different ART regimens is the
first to examine the risk of insulin resistance and
type 2 diabetes mellitus (DM) in INSTIs compared to
other ART regimens.

= Analyses showed that compared to protease in-
hibitors and non-nucleoside reverse transcriptase
inhibitors, INSTI exposure was not associated with
increased risk of insulin resistance and/or DM.

= We also identified in multiple analyses that INSTIs
might be associated with a reduced risk of type 2
DM in certain subpopulations of PLHIV.

HOW THIS STUDY MIGHT AFFECT RESEARCH,
PRACTICE OR POLICY

= Our findings contribute to the evidence of metabolic
safety of INSTI therapy, which might implicate the
choice of therapy for millions of PLHIV.

= We demonstrated that exposure to INSTI therapy
did not pose higher risk of insulin resistance and/
or DM compared to other ART regimens. Initiating or
switching to INSTIs is safe; nevertheless, monitoring
is warranted in certain high-risk groups.

HIV-negative populations due to a combi-
nation of demographic and socioeconomic
factors, in addition to HIV-related factors.?®
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HIV-associated chronic inflammation and certain forms
of ART impair insulin signaling at target organs as well
as insulin secretion.”™ It remains challenging to distin-
guish to which extent the increased risk of DM is related
to the normal aging process, the HIV infection, ART, or a
combination of these factors.”?

In the early ART era, nucleoside reverse transcrip-
tase inhibitors (NRTIs) were coupled in combinations
of predominantly stavudine, didanosine, zidovudine,
lamivudine and zalcitabine with non-nucleoside reverse
transcriptase inhibitors (NNRTIs)."”” These drug combi-
nations were linked to a spectrum of metabolic pertur-
bations, including dyslipidaemia, lipodystrophy, and
metabolic syndrome, and hence have largely been
phased out of use.'* P Since then, ART has convention-
ally included NNRTIs, protease inhibitors (PIs), and
lately, the preferred integrase strand transfer inhibitors
(INSTIs) as anchor agents coupled with largely metabol-
ically safe NRTTs."* 1017

In 2018, the WHO recommended the use of INSTIs,
particularly dolutegravir (DTG) as firstline ART, and
since then, the use of INSTIs has largely overtaken
NNRTIs and Pls.'”® This was after multiple countries
reported primary resistance to NNRTIs above the recom-
mended threshold of 10%." * Thereafter, multiple
studies demonstrated enhanced efficacy, a higher genetic
barrier to resistance, good side effect profiles, and less
drug—drug interactions with newer-generation integrase
inhibitors.*' ™ Despite their favorable side-effect profiles,
INSTIs have consistently been associated with weight
gain.” * Whether the weight gain in PLHIV translates to
disorders in glucose metabolism in the long term remains
to be demonstrated.”’

Multiple case series on ART-experienced patients
presenting with diabetic ketoacidosis with preceding
weight loss a few weeks to months after starting INSTIs
have been published.** * ** * However, large population
cohort studies have yielded conflicting results about the
risk of diabetes among INSTI users.”

Given the inconsistent literature and to better quantify
the risk, we performed a comprehensive literature review
and meta-analyses aiming to summarize the current
evidence on the association of INSTI therapy with insulin
resistance, hyperglycemia, and incident DM versus Pls
and NNRTI-based ART. We also explored the effect of
other HIV-related factors and potential confounders on
this association.

RESEARCH DESIGN AND METHODS

The protocol for this systematic review is registered on
International Prospective Register of Systematic Reviews
database (CRD42021273040) and published.” This study
is being reported according to the Preferred Reporting
Items for Systematic Reviews and Meta-Analyses check-
list.” The link to the study dataset is listed in the online
supplemental material (SD).

Search strategy and selection criteria

We searched PubMed/MEDLINE, Embase, and Web
of Science (Clarivate) databases without language or
geographical restrictions for randomized controlled
trials (RCTs), cohort studies and case—control studies for
eligible studies (online supplemental material, Emethods
1). Additionally, we searched Cochrane and clinical-
trials.org registries for eligible RCTs. Our search limit
was fixed to the year 2000 to capture phase III clinical
trial safety data, given that the first INSTIs, raltegravir,
was approved by the Food and Drug Administration in
2007, and the search was last updated on 15 June 2022.
We also searched abstracts of HIV conference meetings
(International AIDS Society’s Conference on Retrovi-
ruses and Opportunistic Infections) for the same themes
seeking studies that were eventually published. To iden-
tify relevant publications, two authors (FM and HK) inde-
pendently screened all potential abstracts and reference
lists in review articles. For published studies with desired
outcomes but without data to calculate relative risk (RR)
of diabetes, we reached out to authors for raw data.
Studies eligible for full review were agreed on through
consensus. A senior investigator (NB) was referred to in
case of disagreement between the authors.

Studies were eligible if they reported risk of incident
diabetes (or reported the required data to calculate
incidence) with or without metabolic syndrome and/
or insulin resistance, had exposure to INSTIs for =12
weeks, and had comparative arms of either NNRTT or PI
anchored ART. Studies with cross-sectional design and
studies including pregnant or breastfeeding mothers
were excluded. Since we aimed to compare INSTIs versus
PIs and/or NNRTIs as anchor agents, we also excluded
studies where INSTIs were administered with Pls or
NNRTIs in the same regimen. For studies with multiple
publications, we included the publication with the most
extended follow-up.

Data analysis

We evaluated two outcomes: incident hyperglycemia and
type 2 DM (new cases) as a discrete outcome or as part
of metabolic syndrome (online supplemental table S1).
A separate analysis was performed for mean changes in
insulin resistance measured by the Homeostatic Model
for Insulin Resistance (HOMA-IR) index, a factor of
fasting blood glucose and insulin. We extracted variable
study and population characteristics into excel forms
(online supplemental table S3). Adjusted effect estimates
were sought whenever reported; otherwise, raw data were
retrieved.

The quality of the studies was assessed using the
Newcastle-Ottawa Scale for cohort or case—control
studies™ and the Revised Cochrane Risk-of-Bias tool for
randomized trials®* (online supplemental tables $4 and
S5).

Statistical analysis was done using meta-R package
V.4.0.5 with R package Metaphor and Stata V.15 to
generate forest plots of pooled effects with 95% ClIs. We
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performed a random-effects meta-analysis adjusting for
in-between-study heterogeneity to pool the risk (new
cases/overall population at risk) of DM with or without
metabolic syndrome (as discrete outcomes). The popu-
lations of interest were HIV patients exposed to INSTIs
compared with patients on NNRTT or PI-based ART regi-
mens. We assessed in-between study heterogeneity using
the I? statistic with DerSimonian and Laird’s method,
using values <50%, 51%-74%, and 275%to represent
low, moderate, and high heterogeneity, respectively.” We
sought evidence for publication bias by applying Egger’s
test and visually inspecting funnel plots for asymmetry (if
>10 studies).™ We also performed several subgroup anal-
yses to explore if the risk of DM was affected by longevity
on INSTIs, particular types of INSTIs, geographical
region of study participants, and past exposure to ART, as
some ART drugs were associated with abnormal glucose
metabolism.'* To further explore sources of heteroge-
neity, we also carried out subanalyses by study design, type
of caring facility, and type of non-INSTIs in the control
group to compare pooled effects and heterogeneity. A
p value of <0.1 was considered a statistically significant
subgroup effect. We considered sensitivity analyses to test
the robustness of our findings by including only studies
reporting adjusted risk estimates, excluding studies with
comorbidities like viral hepatitis B and C, studies where
primary outcome was a metabolic endpoint and studies
with no apparent conflict of interest. Studies reporting
changes in mean HOMA-IR were separately analyzed to
pool mean changes (on a continuous scale) of HOMA-IR
pre-INSTI and post-INSTIs exposure compared with Pls
and/or NNRTIs. Additionally, we performed a univari-
able metaregression to explore the effect of the following
variables on the outcome: the effect of year of publica-
tion, follow-up duration, average age, CD4 count, body
mass index (BMI) of participants and the proportion of
male participants if at least 10 studies reported sufficient
data. In this systematic review and meta-analysis, sex was
defined as biological sex at birth.

RESULTS

Literature search and study selection

Out of the 124 studies identified for full-text review, 16
studies were deemed eligible for inclusion in the meta-
analysis,”” ** *° and $ studies included in the system-
atic review could not be pooled in the quantitative
synthesis” ™ (figure 1). Excluded studies and reasons for
exclusion are presented in online supplemental table S6.

Study characteristics

The 19 studies included in the systematic review
(n=74827) included 13 RCTs*#2 40 46 48 49 5155 44
6 cohort studies®’ 30 4% 4447 50 (table 1). In the meta-
analysis for incident DM, 13 of these studies, including
8 RCT 2434648495153 )1 4 5 cohort studies,” 30 43 444750
with a patient population of 72404 were included. To
analyze for the effect of INSTIs on insulin resistance,

three studies including two RCTs? 2 45 40 48495153 5,

one cohort® ¥ #4750 g dy with a patient population
of 766 were pooled. Publications spanned from 2010°!
to 2022,” with patients” enrolment from 2007 to 2018.
Studies included cohorts from North America (six
studies),* 3741424750 Europe (five studies) 2748445258 Africa
(twostudies),***®and multinational (six studies).** "% 4751
No studies originated from Asia.

The majority of studies
(n=15)27 3038 39 41 42 4553 involved multiple centers,
while four studies were single centers.”” * * % Eight
studies™ 1P #0% 4 renorted virological primary outcomes,
mentioning hyperglycemia among the safety data, while
11 studies had metabolic endpoints,?” > 37 #2744 475055 1,
14 studies,27 30 3841 4349 51 .1y de numbers of DM were
retrieved, while b5 studies® *? 52 9 yenorted mean
changes in HOMA-IR. Four studies®” ** ¥ % provided
adjusted estimates for incidence of DM, 4 studies*®™** *
reported weight changes with INSTI exposure. None of
the studies reported DM as part of metabolic syndrome
as an outcome.

Overall, the quality of the studies was rated as high
(online supplemental table S4 and S5). Common to
most RCTs was a lack of blinding in the assessment of the
outcome.

Study population characteristics

A total of 74827 participants were included in the
systematic review. The sample size ranged from 30" to
22 884™ patients. Overall, 37.8% (n=28289) of patients
used INSTIs, particularly Elvitegravir (n=10218), DTG
(n=9783) and raltegravir (n=4478).

Non-INSTI users constituted 62.2% (n=46538) with
21391 receiving PIs* 20 3 4147515 41q 17842 receiving
NNRTIs.?” 2 3840454648 The mean follow-up duration was
21.2 months, ranging from 5.6* to 108.0 months.** In
INSTI populations, the mean age was 38.7 (IQR 27-54)
years, similar to 38.4 (IQR 27.0-54.6) years in non-INSTI
populations. Two studies included populations <18
years.*’ *

In the INSTI group, 82.1% (n=23231) was male,
contrasted to 68.8% (n=32037) in non-INSTI groups.
One study enrolled only female participants.”

All studies reported HIV RNA levels at baseline, with 12
studies?” * ¥ 5464850 o po]ling ART-naive participants,
5 studies® ***7* enrolling ART-experienced patients and

2 studies enrolling both ART-naive and ART-experienced
patients. 27 3039 414751 54

Risk of incident DM and hyperglycemia with exposure to
INSTIs

In the 13 pooled studies (n=72404),
INSTI exposure carried a lower risk of incident DM as
compared with any other ART (n=13, RR 0.80, 95% CI
0.67 to 0.96, ’=29%; figure 2). Particularly the risk was
lower when compared with NNRT[s? % 8 40454648 (7
RR 0.75, 95%CI 0.63 to 0.89, I’=0%) and borderline
when compared with PIs¥7 30 39 41 4347 (16 RR 0.78,

27 30 38-41 43-49
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[ Identification of studies via databases and registers ]
_E Records identified from data bases. Records removed before
= -Medline (OVID), Embase.com and Web of screening:
9 . .
= Science (Clarivate) - (n = 15,315) R
s - Cochrane library (n = 514) Duplicate records removed
= Total = 15,829 studies (n=6037)
_—
Records excluded at Title and abstract
Records screened ,| feview
(n="9,792) (n=95676)
Reports retrieved from forward citation of
o0 . . -
£ full article reviews (n= 8)
=
) y
=
o Full text studies assessed
for eligibility (n = 124)
Reports excluded (n= 105)
- Reports not retrieved (n= 12)
= - No outcome of interest (n=70)
" - HIV negative population (n=5)
- Pregnant population (n= 3)
v - Methodological flaws (n=1)
- Single arm study (n=5)
o ) - INSTIs in both comparator groups
Studies included in the (n=3)
= review (n=19), - Presence of diabetic patients at
3 in the meta-analysis (n=16) baseline (n=2)
% - Comparator groups with INSTIs
= coupled with either NNRTIs/ PIs
(n=3)
- Sub-analysis of already included
study populations in other studies
(n=1)
Figure 1 PRISMA flowchart for study selection. INSTI, integrase strand transfer inhibitor; NNRTI, non-nucleoside reverse

transcriptase inhibitor; PI, protease inhibitor; PRISMA, Preferred Reporting ltems for Systematic Reviews and Meta-Analyses.

95% C1 0.61 to 1.01, ’=27%). There was minimal hetero-
geneity in both the aforementioned subanalyses (online
supplemental figure S1). The test for subgroup differ-
ence indicated no statistically significant subgroup effect
(p=0.74), suggesting that use of either PI or NNRTIS did
not modify the lower risk in INSTIs group.

Additionally, the risk reduction of diabetes was more
evident in studies with a longer follow-up (=12 months)
(n=8, RR 0.70 95% CI 0.53 to 0.94, [’=24%)?7 30 3841434548
(online supplemental figure S2), than studies with less
than 1year follow-up (n=6, RR 0.89 95% CI 0.80 to 0.99,

I°=0). The test for subgroup difference was significant
(p=0.07), suggesting that longer follow-up influenced
INSTI association with the outcome. The association
between INSTIs and lower risk of DM was demonstrated
in studies enrolling only adults (RR 0.77, 95% CI 0.65 to
0.91, 12:26%)27 30 3841434649 41 d in multicenter studies
(RR 0.84, 95%CI 0.77 to 0.93, 1>=0%).27 30 3841 45-49
INSTI use in PLHIV of African origin was associated
with a threefold increased risk of DM in two studies
with minimal heterogeneity (RR 2.99, 95% CI 2.53 to
3.54, I’=0%),"* ** and a significant subgroup effect was

4
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INSTIS Non-INSTIS
Study Events Total Events Total
Rockstroh et al, 2013 1 281 2 282
Clotet et al, 2014 1 242 2 242
Walmsley et al, 2015 2 414 1 419
Lennox et al, 2015 26 603 53 1208
Spagnuolo et al, 2017 12 772 223 5423
Gianotti et al, 2017 0 218 1 400
Delaporte et al, 2019 1 310 0 303
Dooley et al, 2019 7 69 5 44
Venter et al, 2020 6 690 1 347
Rebeiro et al, 2020 129 5183 593 17701
Hsu et al, 2020 269 15122 35 2076
Ursenbach et al, 2020 31 3403 234 16059
WyKk et al, 2021 196 303 215 290
Random effects model 27610 44794

Heterogeneity: 12 = 29%, p = 0.16

Decreased risk

Risk Ratio RR  95%-Cl Weight
_ 0.50 [0.05; 5.50] 0.5%
—_— 0.50 [0.05; 5.48] 0.5%
—————— 202[0.18;22.24] 05%

- 0.98 [0.62; 1.56] 9.2%

e 0.38 [0.21; 0.67] 6.5%

: 0.61 [0.02; 14.93]  0.3%

; 2.93 [0.12; 71.70]  0.3%

e 0.89 [0.30; 2.64] 2.1%
—t+———— 302[0.36;24.96] 0.6%

- 0.74 [0.62; 0.90] 23.8%

- 1.06 [0.74; 1.50] 13.4%

-] 0.63 [0.43; 0.91] 12.3%

0.87 [0.78; 0.97] 30.2%

0.80 [0.67; 0.96] 100.0%

0.1 051 2 10
Increased risk

Figure 2 Forest plot of the association of INSTI exposure to incident hyperglycemia and diabetes mellitus compared with
other art regimens. The crude numbers of events are based on the longest follow-up reported in the studies. INSTI, integrase

strand transfer inhibitor; RR, relative risk.

demonstrated by area of origin (p<0.01). Further inter-
pretation of subgroup analyses is reported in table 2.

Risk of DM and hyperglycemia in treatment naive or
experienced individuals
The risk of DM on exposure to INSTIs was reduced in
ART-naive patients (n=11, RR 0.78, 95% CI 0.65 to 0.94,
[P=3%)27 30 3841 4346 48 1 equal to controls in ART-
exposed patients (n=2, RR 0.85, 95%CI 0.43 to 1.62,
IQ:O%)47 % (online supplemental figure S4 and table 2).

No differences in the risk of DM were noted in
studies per individual types of INSTIs in ARTmaive
patients: DTG (n=7, RR 0.94, 95%CI 0.53 to 1.67,
1°=43%),% % 0 %8 elyitegravir (n=2, RR 0.80, 95% CI
0.01 to 123.82, 1>=78%)***" and raltegravir (n=4, RR 1.23,
95% CI 0.91 to 1.6, I’=0%) 30384147

The risk of DM was lower in five cohort studies
providing adjusted estimates, although not statistically
significant (n=5, RR 0.83, 95% CI 0.58 to 1.18).%730 474950
In RCTs, the risk of developing hyperglycemia and/or
DM was lower (n=8, RR 0.88, 95% CI 0.81 to 0.96) with
minimal heterogeneity (I*=0%).”**' ¥ *** A trend toward
decreased risk was also observed in cohort studies, yet not
statistically significant (n=5, RR 0.69, 95% CI 0.44 to 1.10)
and with substantial heterogeneity (I*=60%)%7 %0 3 4447
(online supplemental figure S5).

Effect of weight gain

We sought to analyze the effect of baseline weight, weight
gain or changes in BMI on the incidence of diabetes in the
study populations. Eleven studies® * - %4 nrovided
estimates of weight and/ or BMI at baseline, yet changes
were not presented per type of ARTs nor stratified per
persons who developed diabetes and/or hyperglycemia,
making it difficult to analyze.

Effect of exposure to INSTIs on insulin resistance

In the three included studies (n=976), INSTIs were asso-
ciated with an insignificant increase in mean HOMA-IR
from Dbaseline compared with non-INSTIs (0.78,
95%CI -0.15 to 1.70) with substantial heterogeneity
(12:82.5%).37 124 The same results were noted when
comparing INSTIs to PIs (0.90, 95% CI -0.90 to 2.69)
and to NNRTIs (0.17, 95% CI -0.44 to 0.79) with substan-
tial heterogeneity in both analyses (online supplemental
figure S7).

For studies reporting incident insulin resistance and/
or diabetes across different meta-analyses when the
number of studies was 210, no publication bias or small
study effect was detected by funnel plot asymmetry and
by Egger’s test (online supplemental figure S6).

Metaregression analysis

We further explored the influence of specific study and
HIV-related factors on the pooled risk of developing
insulin resistance and/or type 2 DM between INSTIs
and non-INSTI comparators. Neither the proportions of
male, black population, or publication year were associ-
ated with the pooled risk in univariable meta-regression
analysis. However, studies with longer follow-up duration
were significantly associated with lower risk of type 2 DM
in INSTIs compared with non-INSTIs (online supple-
mental table S7 and figure S9).

Influence analysis

We conducted influence analysis by the leave-one-out
method to investigate the individual impact of each study
(online supplemental figure S10). There was no signif-
icant change in the pooled effect estimates. Baujat plot
pointed to one study with the most impact on overall
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study heterogeneity yet with minimal effect on the pooled
effect estimates (online supplemental Figure S11).

DISCUSSION
In this comprehensive systematic review and meta-analysis
of approximately 75 000 PLHIV exposed to different ART
regimens, INSTI use was associated with a lower risk of
incident DM and hyperglycemia compared with NNRTI
and PI anchored ART. Particularly, ART-naive PLHIV and
prolonged follow-up studies suggested a lower risk of DM
among the INSTI group compared with the non-INSTI
group. The association was consistent when pooling eight
RCTs in the analysis. By contrast, PLHIV of African origin
treated with INSTIs had a threefold increased risk of
DM compared with their non-INSTI peers. Analysis per
individual type of INSTIs showed similar risk compared
with peer non-INSTIs, with raltegravir demonstrating a
trend toward a higher risk compared with elvitegravir
and DTG. Univariable regression analysis suggested that
studies with longer follow-up times showed a lower risk.
Multiple cases of accelerated hyperglycemia in patients
starting INSTIs have been reported, particularly on DTG
and, in a few cases, raltegravir.”” > The common presen-
tation was diabetic ketoacidosis preceded by weight loss,
weeks to months after initiating therapy, which might
represent a typical phenotype of insulin deficiency. *
Some of the postulated mechanisms for the accelerated
hyperglycemia included intracellular magnesium chela-
tion induced by INSTIs leading to altered hepatic and
skeletal muscle insulin signaling, mitochondrial dysfunc-
tion from previous exposure to more toxic NRTIs and
possible genetic predisposition (online supplemental file
1, ref. 57).° Interestingly, at the population level, INSTIs
particularly DTG have been consistently associated with
weight gain (online supplemental file 1, ref. 58). A recent
systematic review concluded that INSTIs have a higher
risk of DM compared with alternative backbone ART
regimens.”® Most of the conclusions in that narrative
review were premised on the consistent association of
INSTIs with weight gain, a known precursor for metabolic
syndrome or DM.”® We could not conclusively ascertain
the effects of weight gain on the incidence of diabetes
as data were lacking to perform a subanalysis for BMI
changes. In the current analysis, studies with follow-up
more than 12 months showed a 30% lower risk of type 2
DM among INSTIs versus non-INSTIs. This reduced risk
tended to attenuate when restricted to studies with shorter
follow-up. We observed a trend toward more insulin resis-
tance (increase in HOMA-IR) rather than overt type 2
DM among INSTIs compared with non-INSTIs (online
supplemental figure S7). It is unclear whether this trend
is induced by the increased weight accompanying the
‘return-to-health phenomenon’ with possible metabolic
perturbations in some susceptible individuals or could
lead to overt type 2 DM and metabolic syndrome in the
long term (online supplemental file 1, ref. 59). Consid-
ering the small sample size of this analysis (three studies
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with 766 patients) and the heterogeneity of PLHIV
populations, long-term follow-up studies are therefore
warranted, particularly accounting for sex, the presence
of malnutrition, obesity, and/or metabolic syndrome at
treatment initiation.

A threefold increased risk of diabetes in African
patients was observed in the subanalysis by geographical
origin. These two pooled studies*® ** were high-quality
RCTs involving ART-naive adults with primarily virolog-
ical outcomes. They included ART-naive patients of mean
baseline age 32-38 years with unsuppressed viral loads
and mean baseline CD4s of 280 and 336 cells/mm?®.
The baseline BMI for both studies did not significantly
differ from the mean BMI from other meta-analyzed
studies with BMI data. Exposure groups had patients
on DTG and comparator groups, efavirenz. Estimates
of metabolic syndrome prevalence among PLHIV in
SSA range from 13% to 58%, with a higher proportion
among ART-experienced than among ART-naive (online
supplemental file 1, ref. 60). It is likely that the increased
risk of type 2 DM observed is driven by the higher prev-
alence of metabolic syndrome in this population (online
supplemental file 1, ref. 60). On metaregression for
age, baseline CD4, and viral load, we found a pattern of
an increased risk of diabetes with higher baseline viral
loads and low CD4 cell counts (online supplemental file
1, figure S8). This is in tandem with the known litera-
ture suggesting that chronically heightened inflamma-
tion in patients with high viral loads is a driver of insulin
resistance and hence a precursor of type 2 DM (online
supplemental file 1, ref. 61). These factors could have
been drivers of this risk in this African population with
more likely late presentation compared with PLHIV in
resource-affluent settings. These results should, however,
be interpreted with caution, given there were only two
studies meta-analyzed with a small patient population;
hence, these findings may not be extrapolated to the
general African population. Studies suggested that
women living with HIV have higher risk of ART-related
weight gain compared with men (online supplemental
file 1, ref. 62); moreover, women with HIV have higher
odds of type 2 DM compared with women without HIV
infection (online supplemental file 1, ref. 63). This might
be attributed to higher weight gain, and possibly more
prevalent cardiometabolic risk factors in women popula-
tion with HIV. Whether African women living with HIV
have heightened risk for type 2 DM compared with male
peers is debated. In a meta-analysis of 20 studies from
Africa, the prevalence of type 2 DM was similar in HIV
and non-HIV populations regardless of sex, and similar
prevalence was noted between treated and untreated
PLHIV, though in between-studies heterogeneity was
high (online supplemental file 1, ref. 64). In our analysis,
sex was not associated with the pooled risk of type 2 DM
in metaregression analysis.

INSTI exposure was associated with a low risk of
diabetes, noted in ART-naive populations compared with
ART-experienced patients. This is in line with collection

of reports on lower prevalence of metabolic syndrome
in ART-naive versus ART-experienced patients (online
supplemental file 1, ref. 61). Another potential expla-
nation might be thatbe clinicians tended not to start
INSTIs in patients at high risk of diabetes, which could
not be applied to ART-exposed patients being switched to
INSTIs due to virological failure with less consideration
for metabolic risk (online supplemental file 1, ref. 65 and
66).

We encountered certain limitations such as insufficient
data on possible factors affecting glucose metabolism,
which are potential confounders such as changes in BMI,
family history of diabetes, lifestyle, concurrent drugs
such as steroids and gender-affirming hormonal therapy
in transgender patients. In the ART-experienced popula-
tions, we could not adjust for prior exposure to drugs like
stavudine, didanosine, and zidovudine, known to cause
lipodystrophy, insulin resistance and dyslipidaemia due
to lack of patient-level data. There was variation in the
criteria used to define diabetes in the different studies,
with most retrospective cohort studies using multiple
criteria: HBA1G, fasting blood glucose, oral glucose toler-
ance tests, and prescriptions for diabetes medication,
while most RCTs used division of AIDS grading of fasting
blood glucose (online supplemental file 1, ref. 67). To
partially account for these limitations, we conducted
influence and stratified analyses by study design, primary
metabolic outcome, and ART status. There was minimal
heterogeneity and an absence of publication bias across
several subgroups and sensitivity analyses.

CONCLUSION

In conclusion, this meta-analysis demonstrated that
INSTT use was not associated with an increased risk of
DM compared with PIs and NNRTIs except in African
PLHIV. There is a need for long-term follow-up studies
with primarily metabolic outcomes to ascertain these
results further and delineate the contribution of weight
gain in PLHIV exposed to INSTIs on glucose dysmetab-
olism. Additionally, the increased risk of DM in African
PLHIV merits more targeted research as this population
in the meta-analysis was largely under-represented.
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