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Background: IMPAACT 1077BF/FF (PROMISE) compared the safety/efficacy of two
HIV antiretroviral therapy (ART) regimens to zidovudine (ZDV) alone during pregnancy
for HIV prevention. PROMISE found an increased risk of preterm delivery (<37weeks)
with antepartum triple ART (TDF/FTC/LPVþr or ZDV/3TC/LPVþr) compared with ZDV
alone. We assessed the impact of preterm birth, breastfeeding, and antepartum ART
regimen on 24-month infant survival.

Methods: We compared HIV-free and overall survival at 24 months for liveborn infants
by gestational age, time-varying breastfeeding status, and antepartum ART arm at 14
sites in Africa and India. Kaplan–Meier survival probabilities and Cox proportional
hazards ratios were estimated.
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Results: Three thousand four hundred and eighty-two live-born infants [568 (16.3%)
preterm and 2914 (83.7%) term] were included. Preterm birth was significantly
associated with lower HIV-free survival [0.85; 95% confidence interval (CI) 0.82–
0.88] and lower overall survival (0.89; 95% CI 0.86–0.91) versus term birth (0.96; 95%
CI 0.95–0.96). Very preterm birth (<34weeks) was associated with low HIV-free
survival (0.65; 95% CI 0.54–0.73) and low overall survival (0.66; 95% CI 0.56–
0.74). Risk of HIV infection or death at 24 months was higher with TDF-ART than ZDV-
ART (adjusted hazard ratio 2.37; 95% CI 1.21–4.64). Breastfeeding initiated near birth
decreased risk of infection or death at 24months (adjusted hazard ratio 0.05; 95% CI
0.03–0.08) compared with not breastfeeding.

Conclusion: Preterm birth and antepartum TDF-ART were associated with lower 24-
month HIV-free survival compared with term birth and ZDV-ART. Any breastfeeding
strongly promoted HIV-free survival, especially if initiated close to birth. Reducing
preterm birth and promoting infant feeding with breastmilk among HIV/antiretroviral
drug-exposed infants remain global health priorities.

Copyright © 2024 The Author(s). Published by Wolters Kluwer Health, Inc.
AIDS 2024, 38:1304–1313
Keywords: antiretroviral drug exposures, breastfeeding, HIV-exposed children,
infant survival, preterm birth
Introduction

Globally, women of reproductive age living with HIV must
have access to well tolerated, effective combination
antiretroviral therapy (ART) to protect their health and
prevent vertical and breastfeeding transmission. The
IMPAACT network’s Promoting Maternal and Infant
Survival Everywhere (PROMISE/1077) study
(NCT01061151) was a multicountry, randomized, open-
label, perinatal trial comparing the relative safetyandefficacy
of proven antiretroviral interventions for the prevention of
verticalHIV transmission. PROMISE showed that perinatal
HIV transmission can be reduced to less than 1% when
antiretroviral drugs are used in three-drug combinations,
during pregnancy [1], and during breastfeeding [2].

PROMISE also demonstrated that women receiving an
antepartum zidovudine (ZDV)-based regimen (zidovu-
dine/lamivudine/lopinavir-ritonavir: ZDV/3TC/LPVþr)
or a tenofovir-based regimen (tenofovir disoproxil fumarate/
emtricitabine/lopinavir-ritonavir: TDF/FTC/LPVþr) had
a significantly higher risk of preterm delivery (<37weeks
gestational age) compared with women taking antenatal
ZDV alone from enrolment through delivery, plus single-
dose nevirapine (NVP) at labour onset, and a 14-day TDF/
FTC ‘tail’ (referred to ‘ZDValone’). In the ZDV-ARTand
TDF-ART arms, 19.7 and 18.5% of babies were born
preterm, respectively, compared with the ZDV alone arm
(13.5%) [3], during the study period, when women were
randomized equally to the three ARV arms. Other
randomised trials, observational studies, and systematic
reviews have also shown an increased risk of preterm birth
with use ofARTduring pregnancy, comparedwith noART
or to single drug regimens, which are no longer used by any
country but were standard of care at many sites during
PROMISE [4–8].

The protease inhibitor-based regimens used as first-line
ART in the United States and globally at the time of
PROMISE are now infrequently used among adults,
including pregnant women, with a shift over time to
EFV-based ART and recently to DTG-based ART.
Nonetheless, PROMISE results have enduring relevance
because they demonstrate an increased risk of adverse
pregnancy outcomes among infants exposed to TDF-
based ART, compared with ZDV-based ART. Current
WHO [9] and US ART guidelines [10] still include
protease inhibitor-based ART as an alternative adult
regimen under certain circumstances, and as part of first-
line treatment for infants. Similarly, the recent VESTED
trial [11] (IMPAACT 2010) and Botswana cohort registry
study [12] showed that DTG/TDF/FTC ART, while
critical for reducing drug resistance and virologic failure,
remains associated with adverse pregnancy outcomes.
Underlying mechanisms for this concerning finding
across multiple studies and settings remain unclear.

Each year, globally, 15 million babies (11%) are born
preterm; 1 million die before age 5 [13]. Preterm birth
can also have significant long-term consequences for
child development and quality of life, particularly among
very early preterm births [14]. Risks associated with
preterm birth may be long-term, with modestly increased
mortality persisting into adulthood [15]. In sub-Saharan
Africa, with 28% of the global burden of preterm births
[13], care for pregnant women with HIV becomes
complex, as both untreated HIV infection and some ART
regimens increase risk for preterm birth [5,8,16,17].
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In this planned secondary analysis, we assessed the impact
of preterm and very preterm, antenatal antiretroviral
drugs and type of infant feeding on 24-month overall and
HIV-free survival outcomes among liveborn infants
from PROMISE.
Methods

Study design and participants
Pregnant women living with HIV at 14weeks’ gestation
or greater were recruited because they did not meet local
criteria for HIV treatment at the time of enrolment.
Mothers and their liveborn infants were enrolled from 14
study sites in seven countries across East and Southern
Africa and India. Although extended breastfeeding was
the norm in most resource-limited settings where
PROMISE took place, formula and clean water were
accessible to a small group of women in the trial and thus
formula-fed infants were also included in analyses.
PROMISE was approved by all local and collaborating
institutional review boards, and all participants provided
written informed consent. Information about the
methods, including eligibility criteria, randomization,
and study visit procedures, has been described [1,2]. The
study protocol is available: https://www.impaactnet-
work.org/studies/1077bf and https://www.impaactnet-
work.org/studies/1077ff. This article addresses protocol
objective 2.222 and the analyses and corresponding
subgroups are presented in the statistical analysis section.

Randomization
Maternal antepartum regimens included three arms: oral
ZDV alone, consisting of ZDV taken twice-daily during
pregnancy; single doseNVPanddouble doseTDF/FTCat
the onset of labour; followed by a 1week (7–14 days)
course of TDF/FTC to reduce the risk of NVP resistance;
oral ZDV-ART, consisting of ZDV/3TC/LPVþr twice-
daily during pregnancy and labour/delivery and through
the first week postdelivery; and oral TDF-ART, consisting
of TDF/FTC/LPVþr (TDF/FTC once daily and LPVþr
twice daily), and through the first week postdelivery.

During period 1 of PROMISE, when limited safety data
were available about TDF during pregnancy, women who
were hepatitis B virus (HBV)-negative were randomised
1 : 1 toZDValone orZDV-ART;women co-infectedwith
HBV were randomized 1 : 1 : 1 to one of three regimens:
ZDV alone, ZDV-ART or TDF-ART. During period 2
(October 2012 through October 2014), after sufficient
safety datawere available, all newPROMISE enroleeswere
randomized 1 : 1 : 1 to one of the three regimens.

Infants in all trial groups received weight-based NVP
prophylaxis from birth through 6 weeks. Breastfeeding
mother–infant pairs who qualified underwent two
subsequent randomizations, during breastfeeding: to
either continued daily infant NVP or maternal ART
(TDF-ART) through cessation of breastfeeding; and after
the breastfeeding-associated transmission risk ended: to
continue ARTor stop maternal ART.Women and infants
received prophylaxis with trimethoprim–sulfamethoxa-
zole per study-site country guidelines. Women who met
country-specific treatment guidelines and infants con-
firmed to have HIV began ART immediately, and were
not included PROMISE. This analysis also included
women who presented close to delivery (late presenters).
The overall PROMISE schema is presented in Supple-
mental Figure 1, http://links.lww.com/QAD/D139.

In mid-2015, results of the adult ‘START’ trial [18]
demonstrated significant benefits to receiving immediate
ART regardless of CD4þ cell count at diagnosis, versus
delayed treatment. In July 2015, the PROMISE team
recommended that all maternal PROMISE participants
transition to ART, ending randomization. Analyses done
by ARTrandomization arm are thus limited to data before
07 July 2015.

Procedures
The mothers’ visit schedule has been previously
described. Infant visits occurred postnatal weeks 1, 6,
10, and 14; then monthly until 6months; and quarterly
thereafter. Gestational age was assessed at two timepoints.
At screening, gestational age was estimated based on a
specified hierarchy of available data including last
menstrual period (LMP) and standard obstetric examina-
tion assessments. For both facility-based and home-based
deliveries, gestational age was also assessed during a
newborn clinical examination using the New Ballard
score [19], either at birth or within approximately 2 days
of birth for home deliveries (maximum 8days).

Outcomes
The primary outcomes of the antepartum component of
the PROMISE trial were HIV transmission at 1 week
after birth as well as maternal and infant safety including
prematurity and other adverse pregnancy outcomes. This
current analysis focused on 24-month HIV-free survival
and overall survival in infants based upon gestational age
and maternal antiretroviral strategy. Infants were followed
for at least 24months.

Research sites reported serious adverse events, including
infant death, within 72 h of site awareness (or as soon as
possible thereafter) through the online DAIDS adverse
event reporting system (DAERS). An independent Data
and Safety Monitoring Board (DSMB) reviewed the
PROMISE study every 6 months.

Statistical analysis
In this analysis, two 24-month outcomes are presented:
infant overall survival and HIV-free survival at 24months.
Overall survival was defined by date of reported infant
death, whereas HIV-free survival was defined as date of
first event being either infant death or confirmed HIV

https://www.impaactnetwork.org/studies/1077bf
https://www.impaactnetwork.org/studies/1077bf
https://www.impaactnetwork.org/studies/1077ff
https://www.impaactnetwork.org/studies/1077ff
http://links.lww.com/QAD/D139
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infection. Confirmation of HIV infection was based on a
second sample taken at a different time point than the first
positive HIV nucleic acid test (NAT) test, and discrepant
HIV infection results were adjudicated by the Infant
Endpoint Review Committee.

For both overall survival and HIV-free survival, time zero
was defined as the date of birth and censoring of follow-
up was applied at the earlier of the date the infant was last
seen or at 104weeks. Multiple births are included in the
baseline summaries but were only counted once in the
analysis, using the earliest censoring date or event date.
No additional censoring was applied at subsequent
PROMISE randomizations and gestational age based on
the New Ballard score, at birth or approximately 2–8 days
after birth, was used in all analyses.

Three comparisons were made: by gestational age, by
ART arm, and by breastfeeding status. Gestational age at
birth was categorized in two ways: preterm infants (born
<37weeks) were compared with those born full-term
(born �37weeks) and very preterm infants (born
<34weeks) were compared with those not very preterm
(born �34weeks). ART arms were compared using the
appropriate contemporaneously randomized periods.
Comparisons of ZDV alone to ZDV-ART included
women randomized during period 1 and period 2;
comparisons to TDF-ART only included period 2 [1].
This analysis focused on assessing the impact of the
antepartum regimens and therefore, comparisons did not
consider the postpartum ART regimen, which was
determined by a second randomization step. Breastfeed-
ing (yes/no) was summarized as a time-dependent
covariate. Cessation of breastfeeding was defined as
completely stopping all infant exposure to breastmilk for
greater than or equal to 28 days based on maternal report.
The ART arm and breastfeeding comparisons included
mothers randomized in pregnancy. Analyses comparing
outcomes by gestational age at birth included the same
women randomized in pregnancy plus Late Presenters
who transitioned into the study’s postpartum component.

The Kaplan–Meier method and Greenwood’s formula
for standard error were used to calculate infant survival
probability estimates and 95% CIs at 104weeks of age for
the ART arm and gestational age comparisons. Cox
proportional hazards regression with breastfeeding was
used to calculate hazard ratios and 95% CIs. We analysed
breastfeeding with and without adjustment for study arm.

Supplemental competing risk analyses were also per-
formed for the comparisons by antenatal maternal ART
regimen. Foetal losses were treated as a competing risk
and included spontaneous abortions (foetal loss at
<20weeks gestational age) and stillbirths (�20weeks).
Results did not significantly alter the conclusions in this
article, and are provided as Supplemental materials, Tables
1.1–1.8, http://links.lww.com/QAD/D139.
SAS version 9.4 and R version 3.2.2 were used for
analyses. Missing data were assumed to be missing
completely at random and analyses were based on a
complete case analysis. P values<0.05 were considered to
be statistically significant, and no adjustments for multiple
comparisons were made.

Role of the funding source
Following the initial decision to approve and fund the
study, decisions around data collection, analysis, interpre-
tation were made independent of funding decisions. One
co-author from the sponsoring agency is included on the
manuscript given her subject matter expertise. One
funding source (NIAID) sponsored the independent
DSMB. Finally, a science review body from NIH
reviewed and approved protocol amendments prior to
implementation, with no influence on, or from, the
funding office.
Results

This secondary analysis included mother–infant pairs
(3558 mothers and 3611 infants) enrolled in the
PROMISE 1077BF/FF trial between 2011 and 2015
who were followed through 2017 (Fig. 1). Maternal
participants were predominantly African (97%), with a
median age of 26 years (Q1–Q3 22–30) and a median
BMI of 26 kg/m2 (Q1–Q3 23–30). Antepartum
component mothers enrolled at a median of 26 gestational
weeks (Q1–Q3 21–31); Late presenters enrolled at a
median of 38 gestational weeks (Q1–Q3 38–40). Most
mothers were categorized as WHO clinical stage I
(asymptomatic), and the median CD4þ cell count was
531 (Q1–Q3 436–667) (Table 1).

After excluding 76 mother–infant late presenter pairs
who did not transition to the postpartum component, we
included 3535 live-born infants in the analyses. These
infants were born to mothers enrolled in antepartum
component, or as late presenters and who later enrolled in
the postpartum component: 51% were male individuals,
97% African, 82% had normal birthweight (�2500 g),
17% had low birthweight (1500 to<2500 g), and 1% very
low birthweight (<1500 g). Median gestational age at
delivery was 39weeks; 83% of infants were born full-term
and 17% were preterm (14% born�34 to<37weeks and
3% born <34weeks). APGAR assessments recorded at 1
and 5min after birth were generally in the high range (7–
10) for 93 and 99% of infants, respectively (Table 2).
Overall, 91% (n¼ 3188) of women delivered in a facility,
attended by trained healthcare staff, and 7% (239) in the
home. Among women with premature births, 86% (489)
delivered in a health facility, and 12% (68) in the home.

For the preterm birth analyses, there were 3482 live-born
infants (after selecting only one infant per mother in the

http://links.lww.com/QAD/D139
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BF: Breas�eeding protocol; FF: Formula-feeding protocol; PP: Postpartum component; P1: Period 1; P2: Period 2

Total pregnant women enrolled
3259 BF | 284 FF | 204 LP

6 excluded per Chair decision

Randomised

1547 assigned 
ZDV Alone
P1: 1007 BF | 123 FF
P2:   405 BF |   12 FF

1545 assigned ZDV-
Based ART
P1: 1008 BF | 123 FF
P2:   404 BF |   10 FF

445 assigned TDF-
Based ART
P1:   29 BF |   4 FF
P2: 401 BF | 11 FF

204 Late Presenters

Included in Analysis
1475 mothers with 
at least one live-born 
infant 
Singletons: 1451
Twins: 23
Triplets: 1

1500 live-born 
infants
P1: 969 BF | 116 FF
P2: 403 BF |   12 FF

Included in Analysis
1459 mothers with 
at least one live-born 
infant 
Singletons: 1440
Twins: 19
Triplets: 0

1478 live-born 
infants 
P1: 961 BF | 112 FF
P2: 395 BF |   10 FF

Included in Analysis
420 mothers with at 
least one live-born 
infant 
Singletons: 411
Twins: 9
Triplets: 0

429 live-born   
infants
P1:   29 BF | 3 FF
P2: 390 BF | 7 FF

Included in Analysis
204 mothers with at 
least one live-born 
infant 
Singletons: 204
Twins: 0
Triplets: 0

204 live-born   
infants
Transi�on to PP: 128

Fig. 1. Consort diagram for the PROMISE 24-month infant/child survival analyses. This diagram summarizes the number of
pregnant women enrolled in the trial (n¼3747) and subset of mothers (n¼3558) and infants (n¼3611) included in the 24-month
survival analyses. BF, breastfeeding protocol; FF, formula-feeding protocol; P1, period 1; P2, period 2; PP, postpartum component.
case of multiple births), whose mothers intended to
breastfeed: 2914 full-term (83.7%) and 568 preterm
(16.3%). Among the 2914 full-term infants included in
the preterm birth analysis, there were 64 deaths (2.2%)
and 53 HIV infections (1.8%). Among the 568 preterm
infants, there were 62 (10.9%) deaths, 49 during the
neonatal period (first 28 days of life) and 13 deaths after.
Among preterm infants, there were 18 (3 2%) HIV
infections, 9 within 28 days, 8 on day 28 or after; 1
infection was followed by death within 28 days.

Preterm birth less than 37weeks was associated with
decreased 24-month HIV-free survival compared with
full-term birth [survival probability of 0.85 (95% CI
0.82–0.88) and 0.96 (95% CI 0.95–0.96), respectively].
The difference in 24-month HIV-free survival was more
pronounced for infants born very preterm compared with
infants born after 34weeks [survival probability of 0.65
(95% CI 0.54–0.73) and 0.95 (95% CI 0.94–0.96),
respectively] (Fig. 2). Similar differences were seen when
comparing the overall survival of infants born preterm
(0.89; 95% CI 0.86–0.91) to infants born full-term (0.97;
95% CI 0.97–0.98), and infants born very preterm (0.66;
95% CI 0.56–0.74) to infants born after 34weeks (0.97;
95% CI 0.96–0.98).
For periods 1 and 2, combined and comparing infants
exposed to either antepartum ZDV alone or maternal
ZDV-ART, there were no differences in 24-month HIV-
free survival (i.e. HIV infection or infant death as the
outcome) and no difference in infant survival (overall)
between infants whose mothers received antenatal ZDV
alone compared with those who received antenatal ZDV-
ART (Tables 3 and 4, top). In period 2, with 1 : 1 : 1
randomization for the three exposure arms, infants with
antenatal TDF-ARTexposure had a greater risk of HIV
infection or death by 24months compared with ZDV-
ART, when adjusted for breastfeeding (adjusted hazard
ratio 2.37, 95% CI 1.21–4.64). However, HIV-free
survival with TDF-ART exposure was not significantly
different from antenatal ZDValone (adjusted hazard ratio
1.66, 95% CI 0.89–3.11) (Tables 3 and 4, bottom).

Among infants in these analyses whose mothers intended
to breastfeed, 81.0% were still breastfeeding at 26weeks
and over half (59.3%) were still breastfeeding at 52weeks
of age. By 78weeks of age, most (86.6%) were no
longer breastfeeding.

For periods 1 and 2, time-varying breastfeeding was
protective against risk of HIV infection or death by
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Table 1. Baseline characteristics for women randomized during pregnancy and late presenters.

Periods 1 and 2 Period 2 only

ZDV alone
(N¼1547)

ZDV-based ART
(N¼1545)

ZDV alone
(N¼417)

ZDV-based ART
(N¼414)

TDF-based ART
(N¼412)

Late presenter
(N¼204)

Age (years) Min-Max 18–49 18–44 18–46 18–43 18–40 18–43
Median (Q1–Q3) 26 (22–30) 26 (23–30) 25 (22–29) 26 (23–30) 26 (22–30) 26 (23–31)

18 to <30 1148 (74%) 1130 (73%) 322 (77%) 298 (72%) 303 (74%) 146 (72%)
30 to <40 384 (25%) 391 (25%) 93 (22%) 108 (26%) 108 (26%) 54 (26%)

�40 15 (1%) 24 (2%) 2 (0%) 8 (2%) 1 (0%) 4 (2%)
Race Black African 1499 (97%) 1498 (97%) 416 (100%) 413 (100%) 411 (100%) 184 (90%)

Indian 47 (3%) 46 (3%) 1 (0%) 1 (0%) 1 (0%) 19 (9%)
Other 1 (0%) 1 (0%) 0 (0%) 0 (0%) 0 (0%) 1 (0%)

Country India 46 (3%) 46 (3%) 1 (0%) 1 (0%) 0 (0%) 19 (9%)
Malawi 489 (32%) 493 (32%) 139 (33%) 139 (34%) 141 (34%) 31 (15%)

South Africa 513 (33%) 510 (33%) 70 (17%) 68 (16%) 67 (16%) 27 (13%)
Tanzania 23 (1%) 24 (2%) 11 (3%) 12 (3%) 10 (2%) 0 (0%)
Uganda 207 (13%) 205 (13%) 83 (20%) 83 (20%) 82 (20%) 9 (4%)
Zambia 32 (2%) 31 (2%) 18 (4%) 19 (5%) 18 (4%) 2 (1%)

Zimbabwe 237 (15%) 236 (15%) 95 (23%) 92 (22%) 94 (23%) 116 (57%)
Height (cm) N 1545 1535 416 407 409 202

Min–Max 117–179 120–185 117–178 134–185 139–180 140–188
Median
(Q1–Q3)

158
(153–162)

158
(153–162)

158
(152–162)

158
(152–163)

158
(153–162)

160
(155–164)

Weight (kg) N 1547 1545 417 414 412 200
Min–Max 36–128 35–140 43–122 37–119 43–136 42–106

Median (Q1–Q3) 64 (58–74) 65 (58–74) 63 (57–71) 64 (58–73) 64 (58–75) 61 (53–69)
GA at entry
(weeks)

N 1547 1544 417 413 412 203

Min–Max 14–42 13–43 14–39 14–41 14–39 30–44
Median (Q1–Q3) 26 (21–30) 25 (21–30) 26 (21–31) 26 (21–31) 26 (22–31) 38 (38–40)

BMI (kg/m2) N 1545 1535 416 407 409 198
Min–Max 15–52 14–55 18–47 16–43 19–52 17–40

Median (Q1–Q3) 26 (23–30) 26 (23–30) 26 (23–29) 26 (23–29) 26 (24–30) 24 (22–27)
WHO clinical
stage

Stage I 1493 (97%) 1506 (98%) 404 (97%) 403 (97%) 405 (98%) 165 (98%)

Stage II 50 (3%) 34 (2%) 13 (3%) 11 (3%) 7 (2%) 4 (2%)
Missing 3 3 0 0 0 35
Stage III 1 (0%) 2 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%)

Viral load
(copies/ml)

N 1540 1542 415 414 412 196

Min–Max 20–1433 155 20–750000 20–1433 155 20–569511 20–2361 568 40–3976 393
Median
(Q1–Q3)

6409
(1451–22720)

8002
(1854–28767)

6122
(1400–24133)

6939
(1510–26664)

8536
(1886–29030)

12140
(2408–39139)

<400 213 (14%) 146 (9%) 54 (13%) 48 (12%) 42 (10%) 21 (11%)
400 to <1000 117 (8%) 132 (9%) 35 (8%) 29 (7%) 26 (6%) 7 (4%)

1000 to <10000 579 (38%) 574 (37%) 153 (37%) 164 (40%) 150 (36%) 63 (32%)
10000 to <100000 532 (35%) 570 (37%) 145 (35%) 145 (35%) 162 (39%) 80 (41%)
100000 to <200000 60 (4%) 71 (5%) 14 (3%) 14 (3%) 22 (5%) 14 (7%)

�200000 39 (3%) 49 (3%) 14 (3%) 14 (3%) 10 (2%) 11 (6%)
Missing 7 3 2 0 0 8

CD4þ cell
count (cells/ml)

N 1547 1545 417 414 412 195

Min–Max 350–2033 351–1842 350–1493 351–1821 350–1277 71–1498
Median
(Q1–Q3)

534
(435–678)

526
(439–651)

530
(431–687)

541
(452–666)

543
(432–689)

522
(347–737)

<350 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 49 (25%)
350 to <400 224 (14%) 215 (14%) 61 (15%) 44 (11%) 51 (12%) 13 (7%)
400 to <450 238 (15%) 227 (15%) 71 (17%) 57 (14%) 76 (18%) 15 (8%)
450 to <500 181 (12%) 213 (14%) 45 (11%) 51 (12%) 40 (10%) 10 (5%)

�500 904 (58%) 890 (58%) 240 (58%) 262 (63%) 245 (59%) 108 (55%)
Missing 0 0 0 0 0 9

Age is at randomization. Weight, BMI, WHO clinical stage, and viral load are last measurements before randomization. CD4þ cell count is from
screening for antepartum component mothers and from study entry for late presenter mothers.
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Table 2. Baseline characteristics for live-born infantsa of women randomized during pregnancy and late presenters.

Periods 1 and 2 Period 2 only

ZDV alone
(N¼1500)

ZDV-based ART
(N¼1478)

ZDV alone
(N¼415)

ZDV-based ART
(N¼405)

TDF-based ART
(N¼397)

Late presenter
(N¼204)

Sex Male 797 (53%) 701 (47%) 229 (55%) 191 (47%) 223 (56%) 100 (49%)
Female 702 (47%) 777 (53%) 186 (45%) 214 (53%) 174 (44%) 104 (51%)
Missing 1 0 0 0 0 0

Gestational N 1500 1478 415 405 397 204
age (weeks) <34 42 (3%) 47 (3%) 13 (3%) 8 (2%) 25 (6%) 1 (0%)

34 to <37 162 (11%) 249 (17%) 46 (11%) 62 (15%) 51 (13%) 21 (10%)
�37 1296 (86%) 1182 (80%) 356 (86%) 335 (83%) 321 (81%) 182 (89%)

Country India 44 (3%) 44 (3%) 1 (0%) 1 (0%) 0 (0%) 19 (9%)
Malawi 472 (31%) 470 (32%) 138 (33%) 135 (33%) 140 (35%) 31 (15%)

South Africa 490 (33%) 476 (32%) 70 (17%) 66 (16%) 59 (15%) 27 (13%)
Tanzania 24 (2%) 24 (2%) 12 (3%) 12 (3%) 10 (3%) 0 (0%)
Uganda 203 (14%) 199 (13%) 81 (20%) 80 (20%) 80 (20%) 9 (4%)
Zambia 33 (2%) 31 (2%) 19 (5%) 19 (5%) 18 (5%) 2 (1%)

Zimbabwe 234 (16%) 234 (16%) 94 (23%) 92 (23%) 90 (23%) 116 (57%)
Birth weight (g) N 1449 1422 389 380 373 204

<1500 14 (1%) 20 (1%) 1 (0%) 2 (1%) 11 (3%) 0 (0%)
1500 to <2500 170 (12%) 310 (22%) 38 (10%) 73 (19%) 56 (15%) 34 (17%)

�2500 1265 (87%) 1092 (77%) 350 (90%) 305 (80%) 306 (82%) 170 (83%)
Missing 51 56 26 25 24 0

APGAR score N 1362 1293 356 328 328 175
at 1min 0–3 15 (1%) 14 (1%) 4 (1%) 5 (2%) 6 (2%) 0 (0%)

4–6 72 (5%) 74 (6%) 19 (5%) 12 (4%) 21 (6%) 12 (7%)
7–10 1275 (94%) 1205 (93%) 333 (94%) 311 (95%) 301 (92%) 163 (93%)
Missing 138 185 59 77 69 29

APGAR score N 1354 1291 355 328 327 175
at 5min 0–3 4 (0%) 4 (0%) 3 (1%) 0 (0%) 1 (0%) 0 (0%)

4–6 11 (1%) 11 (1%) 2 (1%) 4 (1%) 7 (2%) 2 (1%)
7–10 1339 (99%) 1276 (99%) 350 (99%) 324 (99%) 319 (98%) 173 (99%)
Missing 146 187 60 77 70 29

Household Yes 597 (44%) 613 (46%) 127 (33%) 120 (31%) 106 (29%) 70 (38%)
running water No 754 (56%) 730 (54%) 261 (67%) 264 (69%) 258 (71%) 116 (62%)

Unknown 149 135 27 21 33 18

Gestational age is at birth. Weight and length measurements are from the week 0 visit (0–5 days old). APGAR scores are at the time specified, after
birth. Infants born to mothers on the TDF-ART arm in period 1 were excluded.
aAll infants from multiple pregnancies were included in baseline summaries.

Fig. 2. Twenty-four-month HIV-free survival among PROMISE infants, by gestational age at birth. Kaplan–Meier estimated
survival probabilities for time to infant HIV infection or death through 104weeks of age, by gestational age at birth (full-term,
�37weeks; preterm, <37weeks; and very preterm,<34weeks).
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Table 3. Hazard ratios for HIV-free survival (no HIV infection or death) at 24 months by breastfeeding status andmaternal antepartum regimen.

Periods 1 and 2 Unadjusted hazard ratio (95% CI) P value Adjusted hazard ratio (95% CI) P value

BF vs. not BF 0.14 (0.09–0.21) <0.001 0.14 (0.09–0.20) <0.001
ZDV-ART vs. ZDV alone 0.85 (0.61–1.20) 0.36 0.83 (0.59–1.16) 0.27

Period 2 only Unadjusted hazard ratio (95% CI) P value Adjusted hazard ratio (95% CI) P value

BF vs. not BF 0.05 (0.03–0.09) <0.001 0.05 (0.03–0.08) <0.001
ZDV-ART vs. ZDV alone 0.80 (0.38–1.66) 0.55 0.70 (0.34–1.46) 0.34
TDF-ART vs. ZDV alone 1.59 (0.85–2.97) 0.15 1.66 (0.89 –3.11) 0.11
TDF-ART vs. ZDV-ART 1.98 (1.02–3.88) 0.0450 2.37 (1.21–4.64) 0.0122
24months (adjusted hazard ratio 0.14, 95% CI 0.09–
0.20), when adjusted for maternal antenatal ART arm.
Similar results were observed for period 2 only (adjusted
hazard ratio 0.05, 95% CI 0.03–0.08) (Tables 3 and 4 and
Supplemental Figures 2a/2b, http://links.lww.com/
QAD/D139).
Discussion

In this secondary analysis of longer term survival of
preterm versus term breastfed infants, we found that the
probability of 24-monthHIV-free and overall survival was
significantly lower for infants born preterm, especially
those born very preterm, compared with infants born
later in gestation. Infants born preterm (<37weeks), and
very preterm (<34weeks), had lower overall survival and
HIV-free survival probabilities at 24months than infants
born at least 37 and at least 34weeks gestational age,
respectively (all P< 0�001), with survival curves that
separated early in life.

Infants born to mothers randomized to TDF-ART had a
more than two-fold increased risk of HIV infection or
death at 24months compared with those exposed to
maternal ZDV-ART; whereas HIV-free survival with
TDF-ARTwas not significantly different fromZDValone.
No other differences were observed by maternal antire-
troviral/ART regimen. These findings may point to an
Table 4. Hazard ratios for overall survival (no death) at 24 months by br

Periods 1 and 2 Unadjusted hazard ratio (95% CI)

BF vs. not BF 0�05 (0�03–0�08)
ZDV-ART vs. ZDV alone 0�81 (0�52–1�24)

Period 2 only Unadjusted hazard ratio (95% CI)

BF vs, not BF 0.02 (0.01–0.04)
ZDV-ART vs. ZDV alone 0.54 (0.20–1.46)
TDF-ART vs. ZDV alone 1.77 (0.84–3.71)
TDF-ART vs. ZDV-ART 3.27 (1.31–8.19)

Graphical representation of Tables 3 and 4 are provided as supplemental
breastfed; TDF-ART, oral tenofovir/emtricitabine/lopinavir-ritonavir twice-d
postdelivery; ZDV alone, oral Zidovudine twice-daily during pregnancy and
by a 2-week course of tenofovir/emtricitabine to reduce the risk of nevirapine
twice-daily during pregnancy and labour/delivery through the first week p
effect of maternal ART on longer term child outcomes,
mediated through the association of antepartum ARTand
preterm birth, as documented in PROMISE antepartum
results [1] and other studies [6,20–22].

Early breastfeeding was strongly associated with decreased
risk of HIV or death. The general infant/child survival
literature confirms the benefits of breastfeeding, but the
relationship is more complex among infants whomight be
too sick to breastfeed and thus would not obtain the
benefits of breastfeeding for nutrition and the immune
system.

Prior studies [1,3,5,20,23] and systematic reviews [7,8,24]
have shown an association between antepartum ARTand
adverse perinatal outcomes including preterm birth,
compared with no ART and when comparing different
maternal regimens. Preterm birth is associated with
elevated risk for morbidity and mortality among new-
borns, infants, and children [25,26]. Conclusions drawn
from prior observational cohort studies and randomized
trials are difficult to compare because of substantial
heterogeneity in design and comparator groups [24].
Nonetheless, our findings are consistent with reports
from a hospital-based retrospective study [4] and a
randomized trial in Botswana [17] that found high
preterm rates among pregnant women taking a protease
inhibitor-containing ARTregimen. However, unlike our
current analysis, they did not detect any difference in
eastfeeding status and maternal antepartum regimen.

P value Adjusted hazard ratio (95% CI) P value

<0.001 0.05 (0.03–0.08) <0.001
0.33 0.76 (0.49–1.17) 0.21

P value Adjusted hazard ratio (95% CI) P value

<0.001 0.02 (0.01–0.04) <0.001
0.23 0.45 (0.17–1.23) 0.12
0.13 1.87 (0.89–3.93) 0.0992

0.0114 4.13 (1.64–10.37) 0.0026

materials, Figures 1a and 1b, http://links.lww.com/QAD/D139. BF,
aily during pregnancy and labour/delivery and through the first week
labour/delivery with single dose nevirapine at delivery and followed
resistance; ZDV-ART, oral zidovudine/lamivudine/lopinavir-ritonavir
ostdelivery.

http://links.lww.com/QAD/D139
http://links.lww.com/QAD/D139
http://links.lww.com/QAD/D139
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mortality at 6months of age [6]. The mechanisms linking
ART to preterm delivery, and potential impact on
subsequent longer term survival, have not yet been
determined, but the timing of maternal ART initiation
relative to body changes during pregnancy [21],
inflammatory pathways [22], and hormonal or placental
changes [27] have been hypothesized.

Our study had some limitations. Assessment of gestational
age based on a clinical newborn examination to
determine the new Ballard score is not as accurate as
using early antenatal ultrasound. However, at the time of
the PROMISE trial, antenatal ultrasound was not widely
available in international resource-limited study settings.
Our estimates may be biased if incorrect gestational dating
and misclassification were widespread, but a secondary
analysis of PROMISE data found that the association
between ART use and preterm birth persisted despite
somemisclassification [3]. Additionally, bias by gestational
age was not likely to be different by randomized study
arm. Our findings may be generalizable only to low-
resource international environments where HIV burden
is high and less relevant in countries with lower HIV
prevalence and preterm burden, or in well resourced
countries with more intensive interventions to prevent
severe sequelae of preterm birth. Women enrolled in
PROMISE were also a selected sample who were
generally asymptomatic with high CD4þ cell counts
and are not representative of all mothers with HIV
because of the study eligibility criteria. Another
limitation of the study is that the ART regimens,
including protease inhibitors, which were first-line at the
time of PROMISE, are currently used only as alternative
adult regimens for special circumstances. In 2021, the
WHO recommended [9] dolutegravir (DTG)-based
ART as first-line treatment, including for pregnant
women, based in part on results of the VESTED trial [11].
In VESTED, the rates of preterm delivery were lower for
the DTG-ART regimens (6.0% in DTG-FTC-TAF and
9.4% in DTG-FTC-TDF) when compared with the
EFV-TDF/FTC ART regimen (12.0%). Future ART
regimens may further reduce the risk of preterm birth
among women living with HIV compared with women
without HIV.

A major strength of the PROMISE trial was its large
sample size and ability to compare infant safety/survival
outcomes through 24months after birth for triple
antiretroviral drug regimens versus mono-drug regimens.
PROMISE also benefited from the rigor of a randomized
design, and robust numbers for precision comparisons
across subgroups. Maternal and infant baseline character-
istics in this analysis were well balanced. Data for the
multisite study were collected from diverse countries
representing global regions hardest hit by and still battling
the HIVepidemic. The competing risk analysis for foetal
loss was an additional strength, as this is infrequently
performed in other trials. The extended follow-up
allowed us to explore the association between preterm
birth risk and later survival. Additionally, while observa-
tional studies may be unable to capture the timing of
initiation and duration of antepartum ART, PROMISE
captured these data, with high retention (>90%) during
pregnancy, labour/delivery, and 24months of infant
follow-up.

Our findings highlight the importance of longer term
follow-up of mothers living with HIV and their HIV/
ART-exposed children as new ART regimens become
available. This will allow for monitoring of potential late
sequelae with use of new ARTregimens. Although many
studies focus only on infants born very preterm at less than
32 or 34 weeks’ gestation, our findings suggest that
preventing preterm births less than 37weeks is likewise
important in terms of improving HIV-free survival.
Innovative screening approaches are needed to identify
early warning signals of increased risk of preterm delivery
that can be utilized in international settings. For example,
machine learning could help identify predictive markers of
pretermbirth orother adverse pregnancyoutcomes among
women living with HIV. Likewise, further research is
needed to delineate the biological mechanisms leading to
preterm delivery among women living with HIVon ART
to inform future HIV drug development. Reducing the
risk of preterm birth and continued support for
breastfeeding should yield substantial gains in the survival
of HIV-exposed uninfected infants worldwide.
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