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Abstract
Introduction: The prevalence of gestational diabetes (GD) is increasing globally. While universal risk factors for GD are
reasonably well understood, questions remain regarding risks for women living with HIV (WLWH). We aimed to describe
GD prevalence, evaluate associated maternal risk factors and assess specific birth outcomes in WLWH in the UK and
Ireland.
Methods: We analysed all pregnancies (≥24 weeks’ gestation) in women diagnosed with HIV before delivery, reported to the
UK-based Integrated Screening Outcomes Surveillance Service between 2010 and 2020. Every report of GD was considered
as a case. A multivariable logistic regression model, adjusted for women with more than one pregnancy fitted with generalized
estimating equations (GEE) assessed the effect of independent risk factors.
Results: There were 10,553 pregnancies in 7916 women, of which 460 (4.72%) pregnancies had reported GD. Overall, the
median maternal age was 33 years (Q1:29–Q3:37), and 73% of pregnancies were in Black African women. WLWH with GD
(WLWH-GD) were older (61% vs. 41% aged ≥35 years, p < 0.001) and more likely to be on treatment at conception (74%
vs. 64%, p < 0.001) than women without GD. WLWH-GD were more likely to have a stillbirth (odds ratio [OR]: 5.38, 95% CI:
2.14–13.5), preterm delivery (OR: 2.54, 95% CI: 1.95–3.32) and fetal macrosomia (OR: 1.14, 95% CI: 1.04–1.24). Indepen-
dent risk factors for GD included estimated year of delivery (GEE-adjusted odds ratio [GEE-aOR]: 1.14, 95% CI: 1.10–1.18),
advanced maternal age (≥35 years) (GEE-aOR: 2.87, 95% CI: 1.54–5.34), Asian (GEE-aOR: 2.63, 95% CI: 1.40–4.63) and
Black African (GEE-aOR: 1.55, 95% CI: 1.13–2.12) ethnicity. Timing and type of antiretroviral therapy showed no evidence of
a relationship with GD in multivariable analyses; however, women with a CD4 count ≤350 cells/μl were 27% less likely to
have GD than women with CD4 counts >350 cells/μl (GEE-aOR: 0.73, 95% CI: 0.50–0.96).
Conclusions: GD prevalence increased over time among WLWH but was not significantly different from the general popula-
tion. Maternal age, ethnicity and CD4 count were risk factors based on available data. Stillbirth and preterm delivery were
more common in WLWH-GD than other WLWH over the study period. Further studies are required to build upon these
results.

Keywords: antiretroviral therapy; birth outcomes; gestational diabetes; HIV; pregnancy; women

Additional information may be found under the Supporting Information tab of this article.

Received 24 August 2022; Accepted 13 March 2023
Copyright © 2023 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

The risk of gestational diabetes (GD) is increasing proportion-
ally to type 2 diabetes in the general population and now
affects an estimated 16% of pregnancies globally [1]. Preg-
nancy is a physiological state of reduced insulin sensitivity [2]
and GD is thought to result from complex mechanisms involv-
ing beta-cell dysfunction influenced by genetic, epigenetic and
environmental factors [3]. Pregnant women in the UK consid-
ered to be “at risk” of developing GD are selectively screened

at 24–28 weeks’ gestation based on body mass index (BMI)
>30 kg/m2, previous macrosomic baby (>4.5 kg), family his-
tory of diabetes and belonging to a minority ethnic group with
a high prevalence of diabetes [4]. In 2015, clinical guidelines
recommended a fasting plasma glucose ≥5.6 mmol/l or 2-hour
glucose on the oral glucose tolerance test ≥7.8 mmol/l for
GD diagnosis, which differs from international criteria (≥5.1
and ≥8.5 mmol/l) and was lowered from ≥7.0 mmol/l for
fasting plasma glucose in 2008 based on findings from the
HAPO study [5]. While the universal risk factors for GD are
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reasonably well understood forming the basis of screening
criteria, questions remain regarding the risk environment for
women living with HIV (WLWH).

In the UK, there are approximately 800 pregnancies in
WLWH each year, with 82% resulting in a delivery [6]. The
vertical transmission rate has decreased by 90%, from 2.1%
in 2000–2001 to 0.22% in 2017–2018 [7]. Guidelines for
HIV management, including in pregnancy, have evolved over
time alongside the development of new antiretroviral drugs
and classes, influencing both the timing of treatment initia-
tion and drugs used in pregnancy [8]. Since 2015 and the
onset of the universal treatment era, women have increas-
ingly been on treatment prior to conception [9]; for example,
in the UK, 81% of pregnancies were conceived on antiretrovi-
ral therapy (ART) in 2018 [10]. Furthermore, there have been
changes in the characteristics of pregnant WLWH, includ-
ing increasing maternal age, a growing number with verti-
cally acquired HIV and a decreasing proportion born in sub-
Saharan Africa [11, 12]. The implications of lifelong treat-
ment for non-pregnant populations may include increased risk
of diabetes [13, 14] and cardiovascular disease [15, 16], but
findings on the effect of treatment in pregnancy, particularly
protease inhibitors (PIs), on GD risk have been inconsistent
[17–20]. Using population-based data from the UK and Ire-
land from 2010 to 2020, our aim was to describe the preva-
lence of GD in WLWH, assess associated maternal risk factors
and examine specific birth outcomes of pregnancies affected
by GD.

2 METHODS

2.1 Integrated Screening Outcomes Surveillance
Service

Integrated Screening Outcomes Surveillance Service (ISOSS)
is commissioned by NHS England as part of the NHS Infec-
tious Diseases in Pregnancy Screening Programme to con-
duct comprehensive population-based active surveillance of
all pregnancies to diagnosed WLWH in the UK and Ireland
since 1989 (formerly the National Study of HIV in Pregnancy
and Childhood) [10]. Data from Ireland are included until
2018, and Scotland, Wales and Northern Ireland included
until 2019 [6]. Universal screening for HIV in pregnancy
has been a standard of antenatal care since 2001 [21] and
maternity reports of all pregnancies in WLWH are submit-
ted by antenatal units at notification (antenatal booking) and
at outcome (delivery); they include information on socio-
demographics, ART (type and timing), obstetric management
and mode of delivery (emergency caesarean section [CS], elec-
tive CS and vaginal). Pregnancy complications were defined
as any pre-existing (i.e. diabetes and hypertension) or inci-
dent (e.g. GD, pre-eclampsia) conditions. Reports are sub-
mitted by a named responder in each maternity unit via a
secure online portal [10]. All data are collected as part of
routine antenatal care and selected data are shared with
ISOSS without patient consent under Regulation 3 of The
Health Service (Control of Patient Information) Regulations
2002 [22]. This research involved the secondary use of ISOSS
data and received approvals from the West Midlands—Solihull
Research Ethics Committee (21/WM/0040) and the Antenatal

and Newborn Screening Programme Research Advisory Com-
mittee (ANNB_IDPS_0037).

2.2 Analysis dataset

Analyses were conducted on a pseudonymized dataset of all
pregnancies in women with HIV diagnosed before delivery
(i.e. before and during pregnancy) with a reported outcome
≥24 weeks’ gestation and estimated date of delivery (EDD)
between 1 January 2010 and 30 June 2020 reported by
September 2020. Women with a HIV-2 diagnosis, and women
with a multiple pregnancy were excluded.

Descriptive analyses used a dataset, including pregnant
women with reported GD and pregnancies without a report of
GD. Analyses of adverse birth outcomes and risk factors for
GD used a dataset, including women with GD and a compari-
son population of women without GD or any other pregnancy
complication reported, Figure 1.

2.3 Definitions and classifications

All reports of GD were classified as a case (WLWH-GD). We
considered ART use (Yes/No) and any use of the main third
agent classes (Non-Nucleoside Reverse Transcriptase Inhibitor
(NNRTI), Integrase Strand Transfer Inhibitor (INSTI) and PI) in
pregnancy (i.e. if a woman had a third agent drug switch in
pregnancy, she would be included in all the third agent classes
used). HIV-1 RNA viral load (VL) results were recorded at
antenatal booking and delivery (from 36 weeks gestation to
7 days postpartum) where available. ISOSS requests a mini-
mum of one CD4 count but up to two VL test results can
be reported. We defined the first CD4 count as the earliest
reported measurement between 8 weeks before the last men-
strual period (LMP) and 1 week after delivery, categorized as
≤350 and >350 cells/mm3. LMP was estimated as 280 days
prior to EDD. Coinfections were defined as reported hepati-
tis B, hepatitis C or syphilis, with other infections provided ad
hoc. HIV clinical status relates to reported symptoms in preg-
nancy, including AIDS events. Parity since diagnosis was esti-
mated for each woman based on the number of pregnancies
ever recorded in ISOSS as a proxy.

Macrosomia was defined as birthweight ≥4.00 kg and
preterm delivery as occurring at <37 gestational weeks. Still-
birth was defined as an intrauterine death occurring at ≥24
gestational weeks. Adverse birth outcomes were described
by year group (2010–2014 vs. 2015–2020) to explore the
effect of both the universal HIV treatment era (from 2015)
and the lowered fasting plasma glucose diagnostic threshold
for GD.

2.4 Risk factor analyses

The EDD year, maternal socio-demographics (age at delivery,
ethnicity, region of origin, parity since diagnosis) and mater-
nal HIV-related characteristics (risk factor for HIV acquisition,
timing of diagnosis, coinfections, clinical status, treatment at
conception, type of treatment, VL and CD4 count in preg-
nancy) were included in univariable analyses.

The multivariable independent maternal effects model
included covariates based on univariable analyses. Multi-
collinearity within the model was assessed using the variance
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Figure 1. Overview of study population.

inflation factor [23]. All covariates were included in model
selection using penalized regression methods with ART at
conception and PI use in pregnancy remaining in all estima-
tion models a priori. Covariates were included based on the
most parsimonious model accounting for existing knowledge
on possible risk factors.

To account for women with more than one pregnancy in the
study, the multivariable independent maternal effects regres-
sion model was fitted using generalized estimating equations
(GEE). The quasi-likelihood information criterion was used
to assess the goodness of fit [24] in a complete-case anal-
ysis of independent effects. Sensitivity analyses were con-
ducted to evaluate time-related effects on risk factors for
GD and the effect of women with >1 pregnancy affected
by GD.

All univariable analyses were conducted in STATA/SE 15.1
(StataCorp LLC, College Station, Texas, USA), with mul-
tivariable analyses conducted in R 4.0.4 (R Core Team
(2020)).

3 RESULTS

Of the 10,553 pregnancies in 7916 women reported by
September 2020, 800 (7.6%) pregnancies were missing GD
status and not included in analyses (Figure 1). Pregnancies in
WLWH who were missing GD status were more likely to have
been pregnant before 2015, to have acquired HIV by injecting
drug use (p < 0.001), been diagnosed during pregnancy (p =
0.018) and received PI-based treatment (p < 0.001); maternal
age and ethnicity did not differ between pregnancies with and
without GD status (Table S1). In the remaining 9753 pregnan-
cies, 460 (4.72%, 95% CI: 4.30%, 5.16%) pregnancies were
in women with reported GD and 9293 in women without
reported GD, of which 7747 pregnancies were included in a
comparison group with no reported pregnancy complications
(WLWH-C), Figure 1.

Twenty-eight women had >1 GD pregnancy, contributing
59 (12.8%) of the total 460 cases; of all GD pregnancies in
women from Asian ethnic backgrounds, 20.8% (5/24) were in
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Figure 2. Prevalence of gestational diabetes in pregnancies in women living with HIV between 2010 and June 2020.
Green bars correspond to the total number of pregnancies; blue/grey solid line corresponds to the prevalence of GD with error bars
representing 95% confidence intervals for the proportion; red dashed line is the predicted prevalence of GD based on the average per-
centage increase observed in 2010–2014. Yellow star indicates the year when the GD fasting glucose threshold was lowered and the
universal HIV treatment era began.

women with >1 GD pregnancy, compared to 14.3% (50/348)
of women from Black ethnic backgrounds (p < 0.001). Over-
all, GD prevalence increased from 3.39% (95% CI: 2.92–3.91)
in 2010–2014 to 6.39% (95% CI: 5.68–7.17) in 2015–2020
with half (49.8%, 229/460) of all GD cases reported since
2016 (Figure 2).

Median maternal age was 33 years (IQR: 8, Q1:29–Q3:37),
with 71.8% of pregnancies in Black African women and 64%
of pregnancies conceived on treatment (Table 1). For WLWH
with timing of ART initiation available, 96.4% (9901/10,266)
had received treatment before the third trimester. PIs were
the most common third agent (6188/10,553, 58.6%). A
similar number of pregnancies were reported during the
study period within the COVID-19 pandemic (March–June
2020, N = 185) compared to the previous four months
(November 2019–February 2020, N = 186); GD prevalence
across both periods among pregnancies with a GD sta-
tus was comparable (13.1% [23/175] vs. 8.67% [15/173],
p = 0.185).

Overall, 51.3% (235/458) of pregnancies in WLWH-GD
were exposed to PIs, with 82.6% exposed from conception (i.e.
no drug switches). An increasing proportion of WLWH-GD
were on treatment at conception over time (61.4% [62/101]
in 2010–2012 vs. 82% [187/228] in 2016–2020). PI-based
regimens were used less frequently over time, decreasing

from 70.0% (70/100) in 2010–2012 to 42.7% (97/227) in
2016–2020. Over time, an increasing proportion of WLWH-
GD were aged ≥35 years (49.5% [50/101] in 2010–2012 vs.
61.8% [141/228] in 2016–2020, p < 0.001) and had an unde-
tectable first VL in pregnancy (48.5% [49/101] in 2010–2012
vs. 66.8% [153/229] in 2016–2020, p = 0.018).

There were no statistically significant differences between
pregnancies in WLWH and WLWH-GD regarding exposure
to any ART in pregnancy (p = 0.774), concurrent infections
(p = 0.349) and HIV clinical status (p = 0.390), but WLWH-
GD were more likely to have initiated ART before the third
trimester (p < 0.001), less likely to have received ≥3 drug
classes (p = 0.573) and have a lower first VL in pregnancy
(p = 0.016) than other WLWH (Table S2).

Adverse birth outcomes were described for 8207 preg-
nancies: 460 pregnancies with GD and 7747 pregnancies in
WLWH-C (Table 2). Pregnancies in WLWH-GD were more
likely to end in stillbirth (Odds ratio (OR): 5.38, 95% CI: 2.14–
13.5) and preterm delivery (OR: 2.54, 95% CI: 1.95–332) than
WLWH-C. Emergency CS (OR: 1.54, 95% CI: 1.22–1.94) com-
pared to elective CS, and fetal macrosomia (OR: 1.14, 95% CI:
1.04–1.24) were also more common among WLWH-GD than
WLWH-C. When stratified by time period, all statistically sig-
nificant associations between GD and adverse birth outcomes
remained aside from fetal macrosomia (Table 2).
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Table 1. Maternal characteristics of pregnancies delivered in

2010–2020 with gestational diabetes status.

Risk factor n Frequency (%)

Age (years) 9752

<25 736 (7.55)

25—34 7938 (50.6)

≥35 4078 (41.8)

Maternal ethnic background 9730

White 1824 (18.8)

Black African 7003 (72.0)

Black Caribbean 317 (3.26)

Asian 284 (2.92)

Other 302 (3.10)

Maternal origin 9645

UK/Ireland 1580 (16.4)

Africa 6833 (70.8)

Elsewhere 1232 (12.8)

Woman’s risk factor for

acquisition

9056

Heterosexual 8628 (95.3)

IDU 111 (1.23)

Vertical 135 (1.49)

Othera 182 (2.01)

Timing of diagnosis 9753

Before 8324 (85.4)

During 1429 (14.7)

On treatment at conception 9686

Yes 6229 (64.3)

No 3457 (35.7)

PI in pregnancy 9695

Yes 5677 (58.6)

No 4018 (41.4)

NNRTI in pregnancy 9695

Yes 3315 (34.2)

No 6380 (65.8)

INSTI in pregnancy 9695

Yes 1547 (16.0)

No 8148 (84.0)

First VL in pregnancy 9648

<50 5295 (54.9)

51–9999 2876 (29.8)

≥10,000 1477 (15.3)

CD4 count in pregnancy (cells/μl) 8998

<350 2380 (26.5)

≥350 6618 (73.6)

Abbreviations: INSTI, integrase strand transcriptase inhibitor; NNRTI,
non-nucleoside reverse transcriptase inhibitor; PI, protease inhibitor;
VL, viral load.
aOther risk factors for acquisition included blood transfusion and
contact with infected blood.

A GEE model with an exchangeable correlation structure
was superior to other correlation structures and was used in
the independent effects model based on a complete case anal-
ysis of pregnancies (6880/8207) in WLWH-GD and WLWH-
C. After adjusting for covariates, the odds of GD increased by
14% each year over the study period, Table 3. Pregnancies in
women aged ≥35 years (GEE-adjusted odds ratio (aOR): 2.87,
95% CI: 1.54–5.34) and from Asian (GEE-aOR: 2.60, 95% CI:
1.46–4.63), Black Caribbean (GEE-aOR: 2.63, 95% CI: 1.40–
4.93) and Black African (GEE-aOR: 1.55, 95% CI: 1.13–2.12)
backgrounds were at greater risk of developing GD com-
pared to women aged <25 years and women from White
backgrounds, respectively. Low CD4 cell count (<350) was
associated with reduced odds of developing GD (GEE-aOR:
0.73, 95% CI: 0.56–0.96). No relationships were observed for
treatment at conception or PI use. The independent mater-
nal effects model with GEE was fitted for 5576 clusters (max
size: 5) with some evidence of population-level within-cluster
correlation for women with multiple pregnancies (α = 0.307,
p = 0.06).

When women with more than one GD pregnancy were
excluded (n = 8148), EDD year, age, ethnicity and CD4
count remained significant risk factors; additionally, multi-
parous WLWH since HIV diagnosis were less likely to have
a pregnancy affected by GD (Table S3). Advanced maternal
age (≥35 years) (p < 0.001) and Asian ethnicity (p < 0.001)
remained significant risk factors for GD in sensitivity analy-
ses across both 2010–2014 (n = 4712) and 2015–2020 (n =
3495) time periods, while the association with CD4 count
was only present in 2010–2014 (p = 0.107), Table S3. Preg-
nancies in WLWH from Black African and Black Caribbean
ethnic backgrounds were at greater risk of GD compared to
women from White ethnic backgrounds in the 2010–2014
period alone.

4 D ISCUSS ION

UK and Ireland national surveillance data were used to char-
acterize and identify risk factors for pregnant WLWH who
were affected by GD delivering between 2010 and 2020.
There were higher rates of treatment at conception, unde-
tectable VL and CD4 cell counts ≥350 in WLWH-GD preg-
nancies compared to WLWH without GD or other pregnancy
complications. The odds of GD increased by 14% each year
even after adjusting for the ageing and increasingly multi-
parous population. Pregnancies with GD were more likely to
be in women from minority ethnic groups than White women,
and in women with CD4 counts ≥350 cells/μl.

The overall prevalence of GD in our study population
(4.72%) was comparable with estimates from the general pop-
ulation in the UK [25, 26]. The increasing GD prevalence over
time (reaching 8.7% by 2019) may be attributed to concur-
rent changes in HIV-related and universal factors, including
HIV/ART effects on insulin resistance [27, 28], the reduction
in the fasting plasma glucose threshold for GD diagnosis [4],
and increasing obesity observed in both the general popula-
tion [29] and WLWH [30]. Our prevalence estimates are com-
parable with those reported for WLWH in other high-income
settings (2.6–11.4%) [17, 31–33]; however, comparisons must
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Table 2. Selected outcomes of pregnancies affected by gestational diabetes compared to a control group of pregnancies in women

without GD or other pregnancy complications.

2010–2014 (N = 4712) 2015–2020 (N = 3495)

Pregnancies

in

WLWH-GD

N = 460

Pregnancies

in WLWH-C

N = 7747

Pregnancies

in

WLWH-GD

N = 185

Pregnancies

in WLWH-C

N = 4527

Pregnancies

in

WLWH-GD

N = 275

Pregnancies

in WLWH-C

N = 3220

Outcome n (%) n (%) p-valuea n (%) n (%) p-valuea n (%) n (%) p-valuea

Pregnancy outcomeb

Livebirth 454 (98.7) 7728 (99.8) 0.038 182 (98.4) 4513 (99.7) 0.004 272 (98.9) 3215 (99.8) 0.002

Stillbirth 6 (1.30) 19 (0.25) 3 (1.62) 14 (0.31) 3 (1.09) 5 (0.16)

Mode of delivery

Emergency CS 154 (33.5) 1583 (20.5) <0.001 70 (37.8) 950 (21.0) <0.001 84 (30.6) 603 (19.7) <0.001

Elective CS 153 (33.3) 2422 (31.3) 64 (34.6) 1467 (32.5) 89 (32.4) 955 (29.7)

Vaginal 153 (33.3) 3733 (48.2) 51 (27.6) 2101 (46.5) 102 (37.1) 1632 (50.8)

Gestation (weeks)

37+ 388 (84.4) 7220 (93.2) <0.001 148 (80.0) 4216 (93.1) <0.001 240 (87.3) 3004 (93.3) 0.001

33–36 61 (13.3) 423 (5.46) 31 (16.8) 249 (5.50) 30 (10.9) 174 (5.40)

<33 11 (2.39) 104 (1.34) 6 (3.24) 62 (1.37) 5 (1.82) 42 (1.30)

Fetal macrosomia

Yes 37 (8.20) 388 (5.10) <0.001 19 (10.6) 206 (4.64) <0.001 18 (6.62) 182 (5.74) 0.292

No 414 (91.8) 7222 (94.9) 160 (89.4) 4231 (95.4) 254 (93.4) 2991 (94.3)

aChi-squared test.
bTotal does not equal 8702 for pregnancies in WLWH because of a late TOP at 25 weeks that was neither a livebirth nor stillbirth.

be made with caution given differences in diagnostic criteria.
As increases in GD prevalence are observed in the general
obstetric population both in high-income [34] and low-income
settings [35], challenges remain in determining whether an
excess risk exists for WLWH.

While only capturing data on pregnancies in the first 4
months of the COVID-19 pandemic, GD prevalence was com-
parable with within-study estimates from November 2019 to
February 2020 and general population estimates based on
hospital admissions data (8.3%) [36], despite possible under-
estimation due to deviation from standard screening guide-
lines [37].

Few studies of WLWH have explored temporal trends in
GD prevalence, although findings from earlier periods (1990–
2006) reported an upward trend with 2–3% increases over
time, with increased coverage with ART considered a con-
tributing factor [38, 39]. Here, the temporal increase in GD
prevalence persisted despite adjustment for timing and type
of ART alongside universal risk factors, such as ethnicity. Use
of ART in pregnant WLWH has changed significantly over the
study period from treatment by indication (CD4 < 350) [40]
to lifelong treatment from diagnosis [41]; however, sensitivity
analyses showed that neither ART use at conception nor use
of PIs in pregnancy were associated with GD in these two
treatment eras when considered individually. Recent studies
have also reported similar findings [42, 43], although PI-based
regimens were implicated in earlier studies [17, 18] with a
meta-analysis suggesting that this association may be limited
to studies where first-generation PI and the strictest GD diag-
nostic criteria were used [20].

The use of newer drugs in pregnancy, such as some inte-
grase inhibitors, could become increasingly relevant for GD
risk in the future although insufficient sample sizes pre-
cluded analyses here. Evidence is currently accumulating on
the effects of ART on fat mass accrual both in and outside of
pregnancy [30]. A comparative analysis of randomized clinical
trials has shown that weight gain is greater in more recent
trials with the use of newer ART regimens [44], which is
consistent with post-marketing observational studies of inte-
grase inhibitors [45]. Preliminary studies of WLWH on inte-
grase inhibitors during pregnancy show no cause for concern
regarding gestational weight gain [42, 46]; however, a risk
prediction model based on data from South Africa suggests
that treatment emergent obesity with dolutegravir-based reg-
imens (with tenofovir alafenamide or disoproxil and emtric-
itabine) for obese women (BMI ≥30 kg/m2) versus those with
normal BMI could increase the risk of GD four-fold (RR: 4.31,
95% CI: 3.18–5.85) [47].

Women with CD4 counts <350 were less likely to develop
GD than other women in our study. Restoration of the
immune system through ART, approximated by higher CD4
counts, could increase the risk of some pregnancy complica-
tions [48]. The “return to health” effect is associated with
increases in CD4 counts and weight gain [44], while lower
CD4 counts are associated with lower weight and could
potentially reflect poorer ART adherence [49, 50]. An alterna-
tive pathway could involve reduced albumin levels (associated
with lower CD4 counts in the non-pregnant population [51]),
given the link between high albumin levels and insulin resis-
tance [52].
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Table 3. Risk factor analyses for gestational diabetes in univariable (N = 8207) and multivariable GEE (N = 6880) models.

WLWH-GD

n = 460

WLWH-C

n = 7747

Risk factor n (%) n (%) OR (95% CI) GEE-aOR (95% CI)

Year of estimated date of

deliverya
1.16 (1.12–1.20) 1.14 (1.10–1.18)

2010–2012 101 (22.0) 2934 (37.9) – – – –

2013–2015 130 (28.3) 2324 (30.0) – – – –

2016–2020b 229 (49.8) 2489 (32.1) – – – –

Maternal age at delivery (years)

<25 13 (2.83) 611 (7.89) 1 1

25–34 167 (36.3) 4091 (52.8) 1.92 (1.08–3.40) 1.51 (0.82–2.80)

≥35 280 (60.9) 3045 (39.3) 4.32 (2.46–7.59) 2.87 (1.54–5.34)

Maternal ethnicity

White 57 (12.5) 1491 (19.3) 1 1

Black African 348 (76.0) 5521 (71.4) 1.65 (1.24–2.19) 1.55 (1.13–2.12)

Black Caribbean 16 (3.49) 250 (3.23) 1.67 (0.94–2.96) 1.72 (0.94–3.14)

Asian 24 (5.24) 231 (2.99) 2.72 (1.65–4.47) 2.63 (1.40–4.63)

Other 13 (2.84) 238 (3.08) 1.43 (0.77–2.65) 1.09 (0.50–2.38)

Parity since diagnosis

1 169 (36.7) 2359 (30.5) 1 1

2 146 (31.7) 2633 (34.0) 0.77 0.62–0.97 0.81 (0.62–1.06)

3 92 (20.0) 1731 (22.3) 0.74 0.57–0.96 0.76 (0.56–4.64)

≥4 53 (11.5) 1024 (13.2) 0.72 0.53–0.99 0.75 (0.51–1.11)

Maternal risk factor for HIV acquisition

Heterosexual 415 (96.7) 6868 (95.4) 1 1

Injecting drug use 4 (0.93) 79 (1.10) 0.84 0.31–2.30 1.61 (0.56–4.64)

Vertical 0 150 (2.08) 1 1.69 (0.77–3.71)

Other 10 (2.33) 101 (1.40) 1.64 0.85–3.16 1

Maternal CD4 count (cells/μl)

≥350 336 (81.0) 5621 (73.5) 1 1

<350 79 (19.0) 1889 (26.5) 0.65 (0.51–0.84) 0.73 (0.56–0.96)

On treatment at conception

No 121 (26.4) 2822 (36.7) 1 1

Yes 338 (73.6) 4874 (63.3) 1.62 (1.31–2.00) 1.05 (0.82–1.36)

PI use in pregnancy

No 223 (48.7) 3176 (41.2) 1 1

Yes 235 (51.3) 4532 (58.8) 0.74 (0.61–0.89) 0.96 (0.76–1.20)

aYear included as a continuous variable in logistic regression model.
bData reported by September 2020 for deliveries occurring 1 January 2010 and 30 June 2020.

Advanced maternal age has been associated with GD both
in the general population [53, 54] and among WLWH [17,
55, 56]. Women ≥35 years were most likely to develop GD
in our population, which could be a proxy for age-related
weight gain [57]. A recent study in Botswana reported simi-
lar findings with GD risk increasing linearly with each year of
age (aOR: 1.10, 1.04–1.17) [42]. Maternal age is also related
to gravidity, which was accounted for in the modelling strat-
egy; however, evidence from the general population indicates
that the incidence of GD is three- to six-fold higher among
women over 40 years of age [58], and a significant propor-
tion of women who develop GD in their first pregnancy are at
greater risk of developing GD in subsequent pregnancies [59,

60]. Approximately 6.5% of women with GD had more than
one GD pregnancy, which is substantially lower than recurrent
rates of 30–60% reported in the general pregnant population
[59, 61, 62]; this was likely due to the restricted study period
and lack of data on previous pregnancies prior to HIV diagno-
sis or arrival in the UK that may have been affected by GD.
WLWH from Asian backgrounds (representing only 3% of our
study population) were at the greatest risk of GD, consistent
with global pooled prevalence estimates [63]. Similarly, women
from Black African backgrounds were approximately 1.5 times
more likely to have GD than White women, consistent with
women belonging to this ethnic group being identified as “at
risk” of GD in the general population [4].
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Pregnancies in WLWH-GD were more likely to have
adverse birth outcomes compared to women without
reported pregnancy complications (WLWH-C). While preva-
lence of adverse birth outcomes among WLWH-GD from
2010–2014 to 2015–2020 declined, stillbirth, preterm deliv-
ery and CS remained more common among WLWH-GD than
WLWH-C. These findings are comparable to results from
studies in the general population that indicate that women
who develop GD in pregnancy are more likely to have a
preterm delivery [64] and have a CS [65], partly due to
fetal macrosomia [66]. The CS rate in our study was similar
to the general population in other high-income countries,
but the preterm delivery and stillbirth rate were greater
[67]. Stillbirths among WLWH-GD (1.30%) were five times
greater than WLWH-C (0.25%) and the general population
(0.3%) [68]. Evidence on stillbirth risk for women affected
by GD in the general population is conflicting [69, 70];
however, among WLWH, strong relationships between GD
and stillbirth have been reported in the UK with a 2.8-fold
increased incident rate ratio of stillbirth among women with
GD [71]. A South African study of pregnant women with
diabetes also reported elevated perinatal mortality in WLWH
compared with other women (9.4% vs. 1.8%, p < 0.001) [72].
Collectively, these studies indicate that WLWH may require
specific management.

While the use of population-level surveillance data on preg-
nant WLWH was a study strength, it was also a source of
limitations as several important variables were not collected.
This includes BMI, a GD risk factor in the general population
[73, 74] and among WLWH [42] that could not be accounted
for in our analyses. Approximately 41% of WLWH in the UK
are overweight [75], with an increasing trend in general obe-
sity reported nationally [29], highlighting complex interactions
with GD that could not be elucidated in our study. Similarly,
any GD diagnoses in pregnancies outside of the study period,
prior to HIV diagnosis and/or arrival in the UK were not avail-
able and could, therefore, not be included in adjusted analy-
ses. In the absence of data on historical GD diagnoses, BMI
and known risk factors for GD, such as family history of dia-
betes, we were unable to assess whether these factors influ-
enced GD risk and any interaction with HIV-related factors,
such as ART use.

Our analyses of adverse birth outcomes and GD risk fac-
tors compared WLWH-GD with a selected sub-group of preg-
nancies without complications based on available data. A more
appropriate control group would have been women not meet-
ing the threshold for a GD diagnosis and without any known
GD risk factors (for which we lacked data), as women “at risk”
of GD based on screening criteria but who are not screened
may have a greater risk of adverse birth outcomes than those
screened [76]. Data were not available on the management
of GD which could have impacted the relative risk of adverse
birth outcomes [64].

5 CONCLUS IONS

WLWH do not appear to be disproportionately affected by
GD compared to women in the general population. Our find-
ings highlight that there are shared risk factors with the gen-

eral population and, in the absence of data on other risk fac-
tors, maternal age, ethnicity and CD4 count are associated
with GD. Timing and type of ART did not affect GD risk, but
the lack of data on key risk factors, such as BMI, particu-
larly in the context of newer drugs, warrants further investi-
gation. Optimizing pregnancy and birth outcomes for WLWH
is increasingly important in this low-risk era for vertical trans-
mission, as the risk of stillbirth and preterm delivery are sub-
stantially greater in WLWH-GD despite updated clinical GD
screening guidelines. Effective management of GD can reduce
the risk of adverse outcomes [76] and thus further research
on how GD is managed in this population is required to
inform strategies for intervention, alongside future research
to understand better the complex relationships between HIV
infection and management, GD, pregnancy complications and
birth outcomes.

AUTHORS ’ AFF I L IAT IONS

1Population, Policy and Practice Research & Teaching Department, UCL Great
Ormond Street Institute of ChildHealth, London, UK; 2Section of Virology, Depart-
ment of Infectious Disease, Imperial College London, London, UK

ACKNOWLEDGEMENTS

ISOSS is a part of the NHS Infectious Diseases in Pregnancy Screening Programme
(previously part of Public Health England) and is commissioned by NHS England.
Data analysed belong to the NHS Infectious Diseases in Pregnancy Screening
(IDPS) programme, NHS England, and are submitted by NHS maternity providers
(with thanks).

AUTHOR ’S CONTR IBUT IONS

LLB and CT conceived this study. LLB wrote the original draft. LLB, GPT and MCB
planned the statistical analyses. LLB performed the statistical analyses. HP and LLB
were responsible for data acquisition, processing and verification. All authors con-
tributed to interpreting the results and reviewing the article.

DATA AVAILAB I L ITY STATEMENT

The data that support the findings of this study are available from the NHS Infec-
tious Diseases in Pregnancy Screening Programme via the Antenatal and New-
born Screening Research Advisory Committee. Restrictions apply to the availabil-
ity of these data, which were used under license for this study. Data are avail-
able from the https://www.ucl.ac.uk/integrated-screening-outcomes-surveillance/
with the permission of the Antenatal and Newborn Screening Research Advi-
sory Committee (https://www.gov.uk/government/publications/annb-screening-
submitting-research-proposals/annb-screening-research-advisory-committee).

FUNDING

This work is (partly) funded by the National Institute for Health and Care Research
(NIHR) Great Ormond Street Hospital Biomedical Research Centre.

COMPET ING INTERESTS

The authors declare no competing interests.

DISCLA IMER

The views expressed are those of the authors and not necessarily those of theNHS,
the NIHR, the Department of Health or Public Health England.

REFERENCES

1. Yuen L, Wong VW, Simmons D. Ethnic disparities in gestational diabetes. Curr
Diab Rep. 2018;18(9):68.

8

 17582652, 2023, 4, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1002/jia2.26078 by U

niversity C
ollege L

ondon U
C

L
 L

ibrary Services, W
iley O

nline L
ibrary on [17/04/2023]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense

http://onlinelibrary.wiley.com/doi/10.1002/jia2.26078/full
https://doi.org/10.1002/jia2.26078
https://www.ucl.ac.uk/integrated-screening-outcomes-surveillance/
https://www.gov.uk/government/publications/annb-screening-submitting-research-proposals/annb-screening-research-advisory-committee
https://www.gov.uk/government/publications/annb-screening-submitting-research-proposals/annb-screening-research-advisory-committee


Bukasa LL et al. Journal of the International AIDS Society 2023, 26:e26078
http://onlinelibrary.wiley.com/doi/10.1002/jia2.26078/full | https://doi.org/10.1002/jia2.26078

2. HoffmanRM,NewhouseC, ChuB, Stringer JSA, Currier JS. Non-communicable
diseases in pregnant and postpartum women living with HIV: implications for
health throughout the life course. Curr HIV/AIDS Rep. 2021;18(1):73–86.
3. Plows J, Stanley J, Baker P, Reynolds C, Vickers M. The pathophysiology of ges-
tational diabetes mellitus. Int J Mol Sci. 2018;19(11):3342-63.
4. National Institute for Health and Care Excellence (NICE). Gestational diabetes:
risk assessment, testing, diagnosis and management. NICE Pathways. 2021 [cited
2021 Sep 05]. http://pathways.nice.org.uk/pathways/diabetes-in-pregnancy.
5. Hyperglycemia and adverse pregnancy outcomes. N Engl J Med.
2008;358(19):1991–2002.
6. National Health Service Infectious Diseases in Pregnancy Screening Pro-
gramme. Integrated Screening Outcomes Surveillance Service (ISOSS) annual
report 2021. 2021 [cited 2021 Aug 20]. https://www.gov.uk/government/
publications/integrated-screening-outcomes-surveillance-service-isoss-annual-
report/integrated-screening-outcomes-surveillance-service-isoss-annual-
report-2021#contents.
7. Peters H, Francis K, Bukasa L, Sconza R, Smeaton L, Webb S, et al. Preventing
vertical HIV transmission in the UK: successes and emerging challenges. In: Con-
ference on Retroviruses and Opportunistic Infections (CROI); 2021.
8. Bailey H, Zash R, Rasi V, Thorne C. HIV treatment in pregnancy. Lancet HIV.
2018;5(8):e457–67.
9. UNAIDS. 90-90-90: an ambitious treatment target to help end the AIDS epi-
demic. 2014 [cited 2021 Dec 05]. https://www.unaids.org/en/resources/909090.
10. Rasi V, Peters H, Sconza R, Francis K, Bukasa L, Thorne C, et al. Trends
in antiretroviral use in pregnancy in the UK and Ireland, 2008–2018. HIV Med.
2022;23(4):397–405.
11. Peters HF, Francis K, Sconza R, Bukasa L, Thorne C. Pregnancy character-
istics and outcomes of women with vertically acquired HIV in the UK. HIV Med.
2022;23(Suppl. 2):3–15.
12. Peters H, Bukasa L, Francis K, Sconza R, Thorne C. Trends in maternal charac-
teristics and pregnancy outcomes among women living with HIV in the UK: 2014–
2019. HIVMedicine. 2022;23(Supple. 2):3–15.
13. Nansseu JR, Bigna JJ, Kaze AD, Noubiap JJ. Incidence and risk factors
for prediabetes and diabetes mellitus among HIV-infected adults on antiretro-
viral therapy: a systematic review and meta-analysis. Epidemiology. 2018;29(3):
431–41.
14. Nduka CU, Stranges S, Kimani PK, Sarki AM, Uthman OA. Is there sufficient
evidence for a causal association between antiretroviral therapy and diabetes in
HIV-infected patients? Ameta-analysis. DiabetesMetab Res Rev. 2017;33:e2902-
2916.
15. Bavinger C, Bendavid E, Niehaus K, Olshen RA, Olkin I, Sundaram V, et al. Risk
of cardiovascular disease from antiretroviral therapy for HIV: a systematic review.
PLoS One. 2013;8(3):e59551.
16. Baker JV, Sharma S, Achhra AC, Bernardino JI, Bogner JR, Duprez D,
et al. Changes in cardiovascular disease risk factors with immediate versus
deferred antiretroviral therapy initiation among HIV-positive participants in the
START (strategic timing of antiretroviral treatment) trial. J Am Heart Assoc.
2017;6(5):e004987.
17. González-Tomé M, Ramos Amador J, Guillen S, Solís I, Fernández-Ibieta M,
Muñoz E, et al. Gestational diabetes mellitus in a cohort of HIV-1 infected women.
HIVMed. 2008;9(10):868–74.
18. Heather Watts D, Balasubramanian R, Maupin RT, Delke I, Dorenbaum A,
Fiore S, et al. Maternal toxicity and pregnancy complications in human immunod-
eficiency virus-infected women receiving antiretroviral therapy: PACTG 316. Am J
Obstet Gynecol. 2004;190(2):506–16.
19. Moore R, Adler H, Jackson V, Lawless M, Byrne M, Eogan M, et al. Impaired
glucose metabolism in HIV-infected pregnant women: a retrospective analysis. Int
J STD AIDS. 2016;27(7):581–5.
20. Soepnel LM, Norris SA, Schrier VJMM, Browne JL, MJ Rijken, Gray G, et al.
The association between HIV, antiretroviral therapy, and gestational diabetes mel-
litus. AIDS. 2017;31(1):113–25.
21. Public Health England. NHS Infectious Diseases in Pregnancy Screening Pro-
gramme Handbook 2016 to 2017. 2016.
22. Tamil NaduArchives. TheHealth Service (Control of Patient Information) Reg-
ulations 2002. 2002.
23. Thompson CG, Kim RS, Aloe AM, Becker BJ. Extracting the variance inflation
factor and other multicollinearity diagnostics from typical regression results. Basic
Appl Soc Psychol. 2017;39(2):81–90.
24. Wang M. Generalized estimating equations in longitudinal data analysis: a
review and recent developments. Adv Stat. 2014;2014:1–11.
25. Royal College of Obstetricians & Gynaecologists. Gestational diabetes.
2021. Available at: https://www.rcog.org.uk/for-the-public/browse-all-patient-
information-leaflets/gestational-diabetes (Accessed: 14/10/2021)

26. The Lancet. Gestational diabetes in England: cause for concern. Lancet.
2019;393:1262.
27. Phoswa WN. The role of HIV infection in the pathophysiology of gestational
diabetes mellitus and hypertensive disorders of pregnancy. Front CardiovascMed.
2021;8:613930.
28. Pedro MN, Rocha GZ, Guadagnini D, Santos A, Magro DO, Assalin HB, et al.
Insulin resistance in HIV-patients: causes and consequences. Front Endocrinol
(Lausanne). 2018;9:514.
29. Agha M, Agha R. The rising prevalence of obesity: part A: impact on public
health. Int J Surg Oncol. 2017;2(7):17.
30. Bailin SS, Gabriel CL, Wanjalla CN, Koethe JR. Obesity and weight gain in per-
sons with HIV. Curr HIV/AIDS Rep. 2020;17(2):138–50.
31. Macdonald EM, Ng R, Bayoumi AM, Raboud J, Brophy J, Masinde K-I, et al.
Adverse neonatal outcomes among women living with HIV: a population-based
study. J Obstet Gynaecol Can. 2015;37(4):302–9.
32. Aebi-Popp K, Lapaire O, Glass T R, Vilén L, Rudin C, Elzi L, et al. Pregnancy and
delivery outcomes of HIV infected women in Switzerland 2003–2008. J Perinat
Med. 2010;38(4):353–8.
33. Reitter A, Stücker A, Linde R, Königs C, Knecht G, Herrmann E, et al. Preg-
nancy complications in HIV-positive women: 11-year data from the Frankfurt HIV
Cohort. HIVMed. 2014;15(9):525–36.
34. Eades CE, Cameron DM, Evans JMM. Prevalence of gestational diabetes mel-
litus in Europe: a meta-analysis. Diabetes Res Clin Pract. 2017;129:173–81.
35. Natamba BK, Namara AA, Nyirenda MJ. Burden, risk factors and maternal
and offspring outcomes of gestational diabetes mellitus (GDM) in sub-Saharan
Africa (SSA): a systematic review and meta-analysis. BMC Pregnancy Childbirth.
2019;19:450–461.
36. Gurol-Urganci I, Waite L, Webster K, Jardine J, Carroll F, Dunn G, et al.
Obstetric interventions and pregnancy outcomes during the COVID-19 pandemic
in England: a nationwide cohort study. PLoSMed. 2022;19(1):e1003884.
37. Van-De-l’Isle Y, Steer P, Watt Coote I, Cauldwell M. Impact of changes to
national UK guidance on testing for gestational diabetes screening during a pan-
demic: a single-centre observational study. BJOG. 2021;128(5):917–20.
38. Briand N, Mandelbrot L, Le Chenadec J, Tubiana R, Teglas J-P, Faye A, et al.
No relation between in-utero exposure to HAART and intrauterine growth retar-
dation. AIDS. 2009;23(10):1235–43.
39. Kourtis AP, Bansil P, Mcpheeters M, Meikle SF, Posner SF, Jamieson DJ. Hos-
pitalizations of pregnant HIV-infected women in the USA prior to and during the
era of HAART, 1994–2003. AIDS. 2006;20(14):1823–31.
40. World Health Organization (WHO). Antiretroviral drugs for treating preg-
nant women and preventing HIV infection in infants: recommendations for a
public health approach. 2010 [cited 2020 July 06]. https://www.who.int/hiv/pub/
guidelines/en/.
41. World Health Organization (WHO). Guideline on when to start antiretroviral
therapy and pre-exposure prophylaxis for HIV. 2015 [cited 2020 July 06]. https:
//www.who.int/hiv/pub/guidelines/en/.
42. Mmasa K, Powis K, Sun S, Makhema J, Mmalane M, Kgole S, et al. Gestational
diabetes in women living with HIV in Botswana: lower rates with dolutegravir- than
with efavirenz-based antiretroviral therapy. HIVMed. 2021;(8);715–22.
43. Chebrolu P, Alexander M, Bhosale R, Naik S, Patil N, Gupta A, et al. Factors
associated with gestational diabetes in HIV+ and HIV– women in Pune, India. In:
Conference on Retroviruses and Opportunistic Infections (CROI). Boston, MA;
2020.
44. Sax PE, Erlandson KM, Lake JE, Mccomsey GA, Orkin C, Esser S, et al. Weight
gain following initiation of antiretroviral therapy: risk factors in randomized com-
parative clinical trials. Clin Infect Dis. 2020;71(6):1379–89.
45. Bourgi K, Rebeiro PF, Turner M, Castilho JL, Hulgan T, Raffanti SP, et al.
Greater weight gain in treatment-naive persons starting dolutegravir-based
antiretroviral therapy. Clin Infect Dis. 2020;70(7):1267–74.
46. Jao J, Broadwell C, Williams PL, Chadwick EG, Haddad L, Jacobsen D, et al.
Antiretroviral therapy class and gestational weight gain: results from PHACS
SMARTT. In: Conference on Retroviruses and Opportunistic Infections (CROI).
2021.
47. Asif SF, Qavi A, Baxevanidi E, McCann K, Serenata C, Venter WDF, et al. The
predicted risk of adverse pregnancy outcomes from treatment-induced obesity in
the ADVANCE trial. In: International AIDS Society Conference (IAS). 2020.
48. Ørbæk M, Thorsteinsson K, Moseholm Larsen E, Katzenstein T, Storgaard M,
Johansen I, et al. Risk factors during pregnancy and birth-related complications
in HIV-positive versus HIV-negative women in Denmark, 2002–2014. HIV Med.
2020;21(2):84–95.
49. Crum-Cianflone NF, Roediger M, Eberly LE, Vyas K, LandrumML, Ganesan A,
et al. Obesity among HIV-infected persons: impact of weight on CD4 cell count.
AIDS. 2010;24(7):1069–72.

9

 17582652, 2023, 4, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1002/jia2.26078 by U

niversity C
ollege L

ondon U
C

L
 L

ibrary Services, W
iley O

nline L
ibrary on [17/04/2023]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense

http://onlinelibrary.wiley.com/doi/10.1002/jia2.26078/full
https://doi.org/10.1002/jia2.26078
http://pathways.nice.org.uk/pathways/diabetes-in-pregnancy
https://www.gov.uk/government/publications/integrated-screening-outcomes-surveillance-service-isoss-annual-report/integrated-screening-outcomes-surveillance-service-isoss-annual-report-2021#contents
https://www.gov.uk/government/publications/integrated-screening-outcomes-surveillance-service-isoss-annual-report/integrated-screening-outcomes-surveillance-service-isoss-annual-report-2021#contents
https://www.gov.uk/government/publications/integrated-screening-outcomes-surveillance-service-isoss-annual-report/integrated-screening-outcomes-surveillance-service-isoss-annual-report-2021#contents
https://www.gov.uk/government/publications/integrated-screening-outcomes-surveillance-service-isoss-annual-report/integrated-screening-outcomes-surveillance-service-isoss-annual-report-2021#contents
https://www.unaids.org/en/resources/909090
https://www.rcog.org.uk/for-the-public/browse-all-patient-information-leaflets/gestational-diabetes
https://www.rcog.org.uk/for-the-public/browse-all-patient-information-leaflets/gestational-diabetes
https://www.who.int/hiv/pub/guidelines/en/
https://www.who.int/hiv/pub/guidelines/en/
https://www.who.int/hiv/pub/guidelines/en/
https://www.who.int/hiv/pub/guidelines/en/


Bukasa LL et al. Journal of the International AIDS Society 2023, 26:e26078
http://onlinelibrary.wiley.com/doi/10.1002/jia2.26078/full | https://doi.org/10.1002/jia2.26078

50. Mangili A, Murman DH, Zampini AM, Wanke CA, Mayer KH. Nutrition and
HIV infection: review of weight loss and wasting in the era of highly active
antiretroviral therapy from the nutrition for healthy living cohort. Clin Infect Dis.
2006;42(6):836–42.
51. Samuel M, Jose S, Winston A, Nelson M, Johnson M, Chadwick D, et al. The
effects of age on associations between markers of HIV progression and markers of
metabolic function including albumin, haemoglobin and lipid concentrations. HIV
Med. 2014;15(5):311–6.
52. Bae JC, Seo SH, Hur KY, Kim JH, Lee M-S, Lee MK, et al. Association between
serum albumin, insulin resistance, and incident diabetes in nondiabetic subjects.
Endocrinol Metab. 2013;28(1):26.
53. Kahveci B, Melekoglu R, Evruke IC, Cetin C. The effect of advanced maternal
age on perinatal outcomes in nulliparous singleton pregnancies. BMC Pregnancy
Childbirth. 2018;18:343–350.
54. Laine MK, Kautiainen H, Gissler M, Raina M, Aahos I, Järvinen K, et al.
Gestational diabetes in primiparous women-impact of age and adiposity: a
register-based cohort study. Acta Obstet Gynecol Scand. 2018;97(2):187–
94.
55. Jao J,WongM, VanDyke RB, GeffnerM,NshomE, PalmerD, et al. Gestational
diabetes mellitus in HIV-infected and -uninfected pregnant women in Cameroon.
Diabetes Care. 2013;36(9):e141–2.
56. Hitti J, Andersen J, Mccomsey G, Liu T, Melvin A, Smith L, et al. Pro-
tease inhibitor–based antiretroviral therapy and glucose tolerance in pregnancy:
AIDS Clinical Trials Group A5084. Am J Obstet Gynecol. 2007;196(4):331.e1–
331.e7.
57. PHE. Health of women before and during pregnancy: health behaviours, risk
factors and inequalities. In: An updated analysis of the maternity services dataset
antenatal booking data. PHE Publications; 2019.
58. Attali E, Yogev Y. The impact of advancedmaternal age on pregnancy outcome.
Best Pract Res Clin Obstet Gynaecol. 2021;70:2–9.
59. Egan AM, Enninga EAL, Alrahmani L, Weaver AL, Sarras MP, Ruano R. Recur-
rent gestational diabetes mellitus: a narrative review and single-center experience.
J Clin Med. 2021;10(4):569.
60. England L, Kotelchuck M, Wilson HG, Diop H, Oppedisano P, Kim SY,
et al. Estimating the recurrence rate of gestational diabetes mellitus (GDM)
in Massachusetts 1998–2007: methods and findings. Matern Child Health J.
2015;19(10):2303–13.
61. Macneill S, Dodds L, Hamilton DC, Armson BA, Vandenhof M. Rates and
risk factors for recurrence of gestational diabetes. Diabetes Care. 2001;24(4):
659–62.
62. Wang Y-Y, Liu Y, Li C, Lin J, Liu X-M, Sheng J-Z, et al. Frequency and risk factors
for recurrent gestational diabetes mellitus in primiparous women: a case control
study. BMC Endocr Disord. 2019;19:22–29.
63. Biadgo B, Ambachew S, Abebe M, Melku M. Gestational diabetes mellitus in
HIV-infected pregnant women: a systematic review and meta-analysis. Diabetes
Res Clin Pract. 2019;155:107800.
64. Ye W, Luo C, Huang J, Li C, Liu Z, Liu F. Gestational diabetes mellitus
and adverse pregnancy outcomes: systematic review and meta-analysis. BMJ.
2022;377:e067946.

65. Farrar D, Simmonds M, Bryant M, Sheldon TA, Tuffnell D, Golder S, et al.
Hyperglycaemia and risk of adverse perinatal outcomes: systematic review and
meta-analysis. BMJ. 2016;354:i4694.
66. Kapustin R, Arzhanova O, Alekseenkova E, Glotov A. Time and mode of deliv-
ery in diabetic pregnancy: a review. Gynecol Endocrinol. 2020;36:58–62.
67. Billionnet C, Mitanchez D, Weill A, Nizard J, Alla F, Hartemann A, et al. Ges-
tational diabetes and adverse perinatal outcomes from 716,152 births in France in
2012. Diabetologia. 2017;60(4):636–44.
68. Flenady V, Wojcieszek AM, Middleton P, Ellwood D, Erwich JJ, Coory
M, et al. Stillbirths: recall to action in high-income countries. Lancet.
2016;387(10019):691–702.
69. Schmidt MI, Duncan BB, Reichelt AJ, Branchtein L, Matos MC, Costa E Forti
A, et al. Gestational diabetes mellitus diagnosed with a 2-h 75-g oral glucose toler-
ance test and adverse pregnancy outcomes. Diabetes Care. 2001;24(7):1151–5.
70. Lapolla A, DalfràMG, BonomoM, Parretti E, Mannino D,Mello G, et al. Gesta-
tional diabetes mellitus in Italy: a multicenter study. Eur J Obstet Gynecol Reprod
Biol. 2009;145(2):149–53.
71. FavaratoG, TownsendCL, Peters H, Sconza R, BaileyH, Cortina-BorjaM, et al.
Stillbirth in women living with HIV delivering in the UK and Ireland: 2007–2015. J
Acquir Immune Defic Syndr. 2019 (1):9-16.
72. Soepnel LM, Nicolaou V, Huddle KRL, Klipstein-Grobusch K, Levitt NS, Norris
SA. Maternal and neonatal outcomes following a diabetic pregnancy within the
context of HIV. Int J Gynaecol Obstet. 2019;147(3):404–12.
73. WangMC, ShahNS, Petito LC, Gunderson EP, GrobmanWA,O’brienMJ, et al.
Gestational diabetes and overweight/obesity: analysis of nulliparous women in the
U.S., 2011–2019. Am J Prev Med. 2021;61(6):863–71.
74. Paulo MS, Abdo NM, Bettencourt-Silva R, Al-Rifai RH. Gestational diabetes
mellitus in Europe: a systematic review and meta-analysis of prevalence studies.
Front Endocrinol (Lausanne). 2021;12:691033.
75. Brown A, Rawson S, Kelly C, Nash S, Kall M, Enayat Q, et al. Women and HIV
in the UK: October 2019. PHE Publications; 2019.
76. Stacey T, Tennant P, McCowan L, Mitchell E, Budd J, Li M, et al. Gestational
diabetes and the risk of late stillbirth: a case–control study from England, UK.
BJOG: Int J Obstet Gynaecol. 2019;126(8):973–82.

SUPPORT ING INFORMAT ION

Additional information may be found under the Supporting
Information tab for this article:
Table S1: Characteristics of pregnancies missing gestational
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tational diabetes and women without gestational diabetes
Table S3: Sensitivity risk factor analyses using independent
maternal effects model restricted by women with only one
reported GD event during study period and by year group
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