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Introduction: Women with HIV (WHIV) have higher risks of
adverse pregnancy outcomes, particularly in the absence of anti-
retroviral treatment (ART), and timing of ART may impact risk.

Methods: In the International Maternal Pediatric Adolescent AIDS
Clinical Trials 2010/VESTED study, 643 pregnant WHIV in 9
countries were randomized in a 1:1:1 ratio to initiate ART:
dolutegravir (DTG)+emtricitabine (FTC)/tenofovir alafenamide
(TAF), DTG+FTC/tenofovir disoproxil fumarate (TDF), or efavirenz
(EFV)/FTC/TDF. We describe adverse pregnancy outcomes in
women with a subsequent pregnancy during 50 weeks of postpartum
follow-up: spontaneous abortion (,20 weeks), stillbirth ($20
weeks), preterm delivery (,37 weeks), and small for gestational age.

Results: Of 643 women, 19 (3%) had 20 subsequent pregnancies
while receiving ART at conception: DTG/FTC/TAF (3), DTG/

FTC/TDF (2), EFV/FTC or lamivudine (3TC)/TDF (12), EFV/
abacavir/3 TC (1), and no ART (1). Four spontaneous abortions, 3
stillbirths, and 1 induced abortion occurred. Three (25%) of 12
liveborn infants were preterm (24, 26, and 36 weeks of gestation).
Only 12 subsequent pregnancies (60%) resulted in live birth, and
at least 1 adverse pregnancy outcome occurred in 11 of 19 (58%)
(induced abortion excluded). Of 7 women who experienced
spontaneous abortion/stillbirth in the subsequent pregnancy, 4
experienced a stillbirth and 1 a neonatal death as outcomes of
their earlier index pregnancy. No congenital anomalies were
reported.

Conclusions: Adverse pregnancy outcomes were common in this
cohort of WHIV who conceived on ART shortly after an index
pregnancy, 35% ended in stillbirth or spontaneous abortion. The
majority of fetal losses occurred in women with recent prior
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pregnancy loss. Data from larger cohorts of WHIV conceiving on
ART and surveillance are needed to elucidate rates and predictors of
adverse pregnancy outcome.

Key Words: women living with HIV, conception on antiretroviral
therapy, pregnancy outcomes, high rates adverse outcomes, prior
pregnancy loss, interpregnancy interval

(J Acquir Immune Defic Syndr 2024;97:150–155)

INTRODUCTION
Adverse pregnancy outcomes are more common in

pregnant cisgender women living with HIV (WHIV) com-
pared with HIV-negative pregnant women, including pre-
term and very preterm delivery, stillbirth, low birth weight
(LBW), and small for gestational age (SGA).1–4 Adverse
pregnancy outcomes are less frequent in WHIV receiving
ART compared with those not receiving ART; however,
they remain higher compared with HIV-negative women.5,6

The benefits of maternal ART in improving maternal health
and reducing vertical transmission are beyond question.7

The timing of antiretroviral therapy (ART) may also have an
impact: a meta-analysis by Uthman et al,1 reports an
increased risk of prematurity (pooled RR 1.20, 95% CI:
1.01 to 1.44), very preterm birth (RR 1.53, 1$22–1.92), or
LBW infants (RR 1.30, 1.04–1.62) when ART is initiated
preconception, compared with initiating ART after concep-
tion. The PROMISE study, which was one of the largest
studies evaluating the prevention of vertical transmission
and maternal health on ART, reported increased risk of
LBW, spontaneous abortion, stillbirth, and neonatal death in
subsequent pregnancies (following the index pregnancy) in
which women conceived on ART.8 Potential mechanisms
for adverse outcomes include abnormal placental morphol-
ogy with low placental weight and abnormal placental cord
insertion and vascular malformation causing placental
insufficiency.9,10 Studies of the effects of ART from
conception are difficult to do, and observational pregnancy
studies are susceptible to biases, including immortal time
bias.11

History of prior fetal loss is associated with higher risk
of miscarriage or stillbirth.12,13 Short interpregnancy interval
may also be an important factor in adverse pregnancy
outcomes, although data are conflicting.10–12 Studies specif-
ically evaluating the interaction between ART and short
pregnancy intervals are scarce.

As HIV treatment programs strengthen globally, most
WHIV conceive on ART, yet as new ART regimens and
formulations become available, they are understudied in
pregnancy. It is important to identify the safest and most
effective ART regimens in pregnancy in the context of newer
ART regimens used by WHIV. In this study, we evaluated
subsequent pregnancy outcomes in women conceiving on
ART while participating in the International Maternal Pedi-
atric Adolescent HIV/AIDS Clinical Trial Network (IM-
PAACT) 2010/VESTED randomized pregnancy ART study,
during the 50-week postpartum follow-up period following
the index pregnancy.

METHODS

Study Participants and Procedures
IMPAACT 2010 (VESTED) enrolled 643 pregnant

WHIV (PWHIV) from January 2018 to February 2019 in 9
countries, predominantly in sub-Saharan Africa. The last
study visit was February 2, 2021, database locked February
15, 2021. Women were randomized in a 1:1:1 ratio to start
one of the following ART regimens between 14 and 28 weeks
of gestation: dolutegravir (DTG)+emtricitabine (FTC)/teno-
fovir alafenamide (TAF); DTG+FTC/tenofovir disoproxil
fumarate (TDF); or efavirenz (EFV)/FTC/TDF. Women and
their infants were followed until 50 weeks postpartum. The
primary results of the study have been described.14,15 We
conducted a preplanned exploratory analysis of outcomes
among women who had subsequent pregnancies while taking
part in IMPAACT 2010 (ie, pregnancies which occurred after
the index IMPAACT 2010 study pregnancy, when women
were enrolled). The subsequent pregnancy was followed up
until pregnancy outcome, even if this period extended beyond
50 weeks after completion of the index pregnancy.

Because of a protocol amendment based on recom-
mendations at the time to mitigate potential risk of neural tube
defects in infants whose mothers conceived on DTG (based
on preliminary findings from the Tsepamo study),16 women
on DTG-based ART who did not wish to take effective
contraception following delivery were switched from DTG to
another antiretroviral (usually EFV) at the discretion of the
site investigator during the 50 weeks of postpartum follow-
up.17

Analysis
We describe the following adverse pregnancy outcomes

in women who became pregnant during postpartum follow-up
(subsequent pregnancy): spontaneous abortion (,20 weeks),
stillbirth ($20 weeks), preterm delivery in liveborn babies
(,37 weeks), and small for gestational age (SGA; ,10th
centile). A composite adverse pregnancy outcome was
defined as the occurrence of any of these individual adverse
pregnancy outcomes. A severe adverse pregnancy outcome
was defined as the occurrence of either spontaneous abortion
(,20 weeks) or stillbirth ($20 weeks). Induced abortions
were described but excluded from analysis of outcomes.
Gestational age at delivery was determined using the
American College of Obstetricians and Gynecologists algo-
rithm.18 Infants were classified as SGA based on methods
from the INTERGROWTH-21st project, using birthweight,
sex, and gestational age at delivery.19 Data were analyzed
using SAS Version 9.4 (SAS Institute, Cary, NC).

Results
Nineteen (3%) of 643 women had 20 subsequent

pregnancies on study (1 woman had 2 pregnancies). Baseline
characteristics of WHIV with subsequent pregnancies are
described in Table 1. At 50 weeks after index delivery, VL
was ,50 copies/mL in 17 participants and 18 had

High Rates of Adverse Pregnancy Outcomes in WHIVJ Acquir Immune Defic Syndr � Volume 97, Number 2, October 1, 2024

Copyright © 2024 Wolters Kluwer Health, Inc. All rights reserved. www.jaids.com | 151

Copyright © 2024 Wolters Kluwer Health, Inc. Unauthorized reproduction of this article is prohibited.

D
ow

nloaded from
 http://journals.lw

w
.com

/jaids by B
hD

M
f5eP

H
K

av1zE
oum

1tQ
fN

4a+
kJLhE

Z
gbsIH

o4X
M

i0hC
yw

C
X

1A
W

nY
Q

p/IlQ
rH

D
3i3D

0O
dR

yi7T
vS

F
l4C

f3V
C

4/O
A

V
pD

D
a8K

2+
Y

a6H
515kE

=
 on 10/08/2024



a VL,200 cps/mL. This was the closest approximation to VL
during the subsequent pregnancy available. One participant
was not on ART at conception and the remaining 18 women
were receiving the following ART regimens at conception:
DTG+FTC/TAF (3), DTG+FTC/TDF (2), EFV/FTC or lam-
ivudine (3TC)/TDF (12 women with 13 pregnancies, as 1
woman had 2 pregnancies), and EFV/abacavir (ABC)/3TC (1).
The median (Q1–Q3) interpregnancy interval was 6 (5,6)
months (the maximum interpregnancy interval 11 months).
Outcomes of the 20 subsequent pregnancies were 1 (5%)
induced abortion (excluded from outcome analysis), 4 (20%)
spontaneous abortions, 3 (15%) stillbirths, and 3 (25%) preterm
infants (at 24, 26, and 36 weeks of gestation). Excluding the
induced abortion, only 12 of 19 subsequent pregnancies (63%)
resulted in live birth, and at least 1 adverse pregnancy outcome
occurred in 11 (58%) subsequent pregnancies. Adverse
pregnancy outcomes occurred in 8 of 12 pregnancies (67%)
with EFV/FTC/TDF at conception and 1 of 4 pregnancies with
DTG-ART at conception (Fig. 1, Table 2).

Of the 7 women who experienced spontaneous abortion
or stillbirth in the subsequent pregnancy, 4 had experienced
a stillbirth and 1 a neonatal death as outcomes of the earlier
index pregnancy (Table 3).

DISCUSSION
In this planned exploratory analysis of the IMPAACT

2010 study, we found high rates of adverse pregnancy
outcomes in women who conceived on ART subsequent to
their index pregnancy on study. Just over one-third (36%) of
pregnancies ended in either stillbirth or spontaneous abortion,
and the majority of pregnancies ended with at least 1 adverse
outcome. This is consistent with several other studies
showing higher risk of low birthweight, prematurity, sponta-
neous abortion, stillbirth, and neonatal death with ART from
conception.2,8,20 A recently published study using health care
claims data reported increased pregnancy loss (spontaneous/
induced abortion) in WHIV compared with HIV-negative
women.21 In the PROMISE study, 13% of 837 subsequent
pregnancies resulted in spontaneous abortion, 3% in stillbirth,
and 1% neonatal death, with 72% live births recorded (the
remainder experienced ectopic pregnancy or induced abor-
tion).8 Stringer et al22 show high risk for adverse pregnancy
outcomes in women conceiving on ART, with 53% of
deliveries occurring ,37 weeks (median gestational age
35 weeks 5 days), 4% stillbirths, 20% spontaneous abortion,
but no difference between protease inhibitor–based and
NNRTI-based ART. Of note, observational studies that

TABLE 1. Baseline Characteristics of Women at Randomization and ARVs at the Start of First Subsequent Pregnancy by
Randomized Treatment Group

Treatment Group DTG+FTC/TAF (N = 7) DTG+FTC/TDF (N = 5) EFV/FTC/TDF (N = 7) Total (N = 19)

Baseline characteristics at randomization (during initial pregnancy)

Age (yr)

Median (Q1–Q3) 25.9 (23.0–29.6) 20.9 (20.5–26.4) 25.2 (24.0–32.5) 25.4 (23.0–29.6)

Weight (kg)

Median (Q1–Q3) 67.8 (60.5–96.1) 73.6 (62.6–77.1) 62.1 (51.2–62.6) 62.6 (60.3–77.1)

BMI (kg/cm2)

Median (Q1–Q3) 27.5 (22.4–32.5) 28.0 (27.8–28.0) 24.8 (21.1–26.2) 27.0 (22.4–28.0)

Hepatitis B surface antigen

Positive (missing = 1, %) 0 (0.0) 0 (0.0) 1 (14.3) 1 (5.6)

WHO clinical stage, %

Stage 1 7 (100.0) 5 (100.0) 7 (100.0) 19 (100.0)

HIV-1 RNA (copies/mL, %)

Median (Q1–Q3) 451.0 (20.0–1587.0) 784.0 (372.0–2604.0) 2610.0 (112.0–11,418.0) 1201.0 (87.0–6647.0)

HIV-1 RNA ,50 2 (33.3) 1 (20.0) 1 (14.3) 4 (22.2)

HIV-1 RNA ,200 3 (50.0) 1 (20.0) 2 (28.6) 6 (33.3)

HIV-1 RNA ,1000 (missing = 1) 4 (66.7) 3 (60.0) 2 (28.6) 9 (50.0)

CD4 (cells/mm3)

Median (Q1–Q3) 815 (390–833) 536 (412–875) 385 (137–589) 551 (307–831)

50–349, % 1 (16.7) 1 (20.0) 3 (42.9) 5 (27.8)

350–499, % 1 (16.7) 1 (20.0) 1 (14.3) 3 (16.7)

500–750, % 0 (0.0) 1 (20.0) 3 (42.9) 4 (22.2)

.750 (missing = 1) 4 (66.7) 2 (40.0) 0 (0.0) 6 (33.3)

Start of subsequent pregnancy

ARV at conception, N (%)

DTG+FTC/TAF 3 (42.9) 0 (0.0) 0 (0.0) 3 (15.8)

DTG+FTC/TDF 0 (0.0) 2 (40.0) 0 (0.0) 2 (10.5)

EFV/FTC/TDF 3 (42.9) 3 (60.0) 5 (71.4) 11 (57.9)

Non-study ART 0 (0.0) 0 (0.0) 2 (28.6) 2 (10.5)

Not on ART 1 (14.3) 0 (0.0) 0 (0.0) 1 (5.3)
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evaluate the impact of timing of ART exposure during
pregnancy on pregnancy outcomes need to be interpreted
with caution because of their susceptibility to biases,
including immortal time bias.11 It is also important to note
that untreated WHIV experience significantly higher rates of
adverse pregnancy outcomes than women without HIV, with
rates of preterm delivery, stillbirth, and LBW twice as high in
the pre-ART era, compared with the ART era3,5,6,20,23,24;
uninterrupted ART from before conception and throughout
pregnancy is clearly recommended to optimize maternal and

child health.25 In addition, “background” rates of spontaneous
abortion range from 12% to 15% among women who are
followed prospectively from before conception, particularly
in the context of early and/or frequent pregnancy testing (as is
the case in studies such as PROMISE and our analysis).7,8

The reasons for potentially higher rates of adverse
pregnancy outcomes with at least some ART regimens from
conception are uncertain, although some studies have shown
that lopinavir/ritonavir (LPV/r) may be associated with
abnormal placental vascularisation.10,26 Another possible

FIGURE 1. ART regimen from completion of index pregnancy, through time of conception and subsequent pregnancy in the
IMPAACT 2010 study. This figure shows the time between the index pregnancy outcome on the IMPAACT 2010 study and the
outcome of the subsequent pregnancy, including the regimen that each participant was receiving at index pregnancy and
subsequent pregnancy.

TABLE 2. Adverse Pregnancy Outcomes in Subsequent Pregnancies, by ART Regimen at the Time of Conception

Outcome

ARV Treatment at Start of Pregnancy Events/N (%)

DTG+FTC/TAF
(N = 2)

DTG+FTC/TDF
(N = 2)

EFV/FTC/TDF
(N = 12)

Nonstudy ART Treatment or No ART
(N = 3)

Total
(N = 19)

Stillbirth or spontaneous abortion 1/2 (50) 0/2 (0) 5/12 (41.7) 1/3 (33) 7/19 (36.8)

Preterm delivery (,37 weeks) 0/1 (0) 0/2 (0) 2/7 (28.6) 1/2 (50) 3/12 (25)

Small for gestational age (,10th percentile) 0/0 (NA) 0/1 (0) 1/4 (25) 0/1 (0) 1/6 (16.7)

Composite adverse outcome* 1/2 (50) 0/2 (0) 8/12 (66.7) 2/3 (66.7) 11/19 (57.9)

One pregnancy resulting in induced abortion was excluded from all analyses. One participant had 2 subsequent pregnancies, and both are included in summaries above.
*Composite adverse pregnancy outcome was defined as experiencing at least 1 of the following: spontaneous abortion, stillbirth/intrauterine fetal demise, preterm delivery, and

infant SGA.

High Rates of Adverse Pregnancy Outcomes in WHIVJ Acquir Immune Defic Syndr � Volume 97, Number 2, October 1, 2024

Copyright © 2024 Wolters Kluwer Health, Inc. All rights reserved. www.jaids.com | 153

Copyright © 2024 Wolters Kluwer Health, Inc. Unauthorized reproduction of this article is prohibited.

D
ow

nloaded from
 http://journals.lw

w
.com

/jaids by B
hD

M
f5eP

H
K

av1zE
oum

1tQ
fN

4a+
kJLhE

Z
gbsIH

o4X
M

i0hC
yw

C
X

1A
W

nY
Q

p/IlQ
rH

D
3i3D

0O
dR

yi7T
vS

F
l4C

f3V
C

4/O
A

V
pD

D
a8K

2+
Y

a6H
515kE

=
 on 10/08/2024



mechanism could be insufficient pregnancy weight gain.
IMPAACT 2010 previously reported that overall pregnancy
outcomes were better in women receiving DTG/FTC/TAF
than those receiving DTG/FTC/TDF or EFV/FTC/TDF,14 and
that poor pregnancy weight gain (most frequent in women
receiving EFV/FTC/TDF and least frequent with DTG/FTC/
TAF) was associated with a higher risk of adverse pregnancy
outcome (HR: 1.4, 95% CI: 1.04 to 2.00 compared with
normal weight gain).27 Efavirenz and TDF in combination are
known to suppress weight gain, particularly in those who are
slow CYP2B6 metabolizers.28–30 Tenofovir disoproxil fuma-
rate may restrict weight gain independently, with potential
mechanisms including reduced appetite, nausea, vomiting,
and other gastrointestinal side effects.28,30

Prior fetal loss is a risk factor for subsequent fetal loss,
regardless of interpregnancy interval.12,13 Our current analysis
showed that 71% of women who experienced fetal loss in
a subsequent pregnancy had experienced either stillbirth (n = 4)
or neonatal death (n = 1) in their recent index pregnancy. In our
analysis, interpregnancy interval was median 6 months.5,7

Shorter interpregnancy interval following fetal loss might also
be associated with worse subsequent pregnancy outcome,
although data on this topic are conflicting and a 2017
systematic review and meta-analysis including data from more
than 1 million women in 16 studies, reports that in women who
experienced miscarriage, overall risks of repeat miscarriage and
preterm birth were not increased with a subsequent interpreg-
nancy interval of #6 months compared with a longer inter-
pregnancy interval, and the interpregnancy interval had no
impact on stillbirth, preeclampsia, or LBW.31However, mini-
mal data on optimal interpregnancy interval are available for
WHIV.32 The WHO recommends at least 24-month interpreg-
nancy interval in women who have had a live birth and at least
6 months in women who have experienced a miscarriage,
based on a 2005 technical consultation.33

Our study is limited by small sample size and
enrollment of most participants in 1 continent (Africa).
Pooled data from clinical trials and studies in diverse
populations, in which women conceive on different antire-
trovirals and are followed up longitudinally would help close
this knowledge gap. Surveillance projects such as the
Antiretroviral Pregnancy Registry (US-based global),34 Tse-

pamo (Botswana),23 UBOMI BUHLE (South Africa)35,36

may also contribute data evaluating risks of subsequent
pregnancies on ART, where women have been included in
the registry in a prior pregnancy or have conceived on ART
and are followed up through the pregnancy to delivery/
outcome (although many surveillance systems and registries
do not capture spontaneous abortion). Cohorts that are able to
compare the impact of different interpregnancy intervals by
maternal HIV status would also be helpful.

CONCLUSIONS
Adverse pregnancy outcomes occurred in more than

one-third of WHIV who conceived on ART shortly after an
index pregnancy. Most of the women with spontaneous
abortion or stillbirth had experienced a recent prior pregnancy
loss. Prior fetal loss (and interpregnancy interval) should be
considered in analyses of incident pregnancies where possi-
ble. ART before and throughout pregnancy is essential in
preserving maternal health and preventing onward vertical
HIV transmission. Antenatal and peripartum care should be
optimized, with identification of the safest maternal ART
regimens, interventions to address modifiable risk factors, and
clinical management of high-risk pregnancies.
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