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Abstract

Background: In the multi-country PROMISE 1077BF trial, the risk of low birth weight (LBW;
<2500g9) and preterm delivery (PTD; <37 weeks) was higher among women initiating a protease
inhibitor (P1)-based antiretroviral treatment (ART) regimen than in those receiving ZDV alone.
Among those assigned to a Pl regimen, tenofovir/emtricitibine was associated with the more
severe outcomes of very LBW (VLBW, <1500g) and very PTD (VPTD; <34 weeks) compared to
zidovudine/lamivudine.
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Methods: We used multivariate logistic regression to further explore treatment findings, taking
into account demographic baseline clinical and post-entry obstetrical factors. We evaluated
individual adverse outcomes and composites that included stillbirth and early loss/spontaneous
abortion.

Results: Among 3333 women delivering at least one live infant, median maternal age at
enrollment was 26 years; 661 (20%) were primiparous, and 110 (3.3%) reported at least one prior
PTD. Seventeen percent of newborns were LBW, 1% were VLBW, 17% had PTD, and 3% VPTD.
Treatment allocation remained strongly associated with multiple adverse outcomes after
controlling for other risk factors with both ART regimens exhibiting increased risk relative to ZDV
alone. Other risk factors remaining significant in at least one of the multivariate models included:
country, gestational age at entry, maternal age, maternal BMI, prior PTD, history of alcohol use,
baseline HIV viral titer, multiple gestation and several obstetric risk factors.

Conclusion: ART effects on adverse pregnancy outcomes reported in the randomized PROMISE
trial remained strongly significant even after controlling for demographic, baseline clinical and
obstetrical risk factors, which were also associated with these outcomes.

Introduction

Among the many diverse elements of the global HIV/AIDS fight, few can compete with the
remarkably successful efforts to prevent mother-to-child HIV transmission (PMTCT).[]
Current recommendations include universal HIV testing and counseling in antenatal care,
followed by immediate, lifelong antiretroviral therapy (ART) for women found to be HIV
seropositive. This approach, known as “Option B+”,[2 3] can reduce the risk of vertical
transmission to below 1%.[4] . However, exposure to ART in pregnancy may be associated
with increased risk of adverse birth outcomes®. Studies from a variety of settings have
linked antiretroviral drug exposure to a variety of adverse outcomes, including preterm birth,
low birth weight, stillbirth, and neonatal death.[6-10]

The antenatal component of the Promoting Maternal and Infant Survival Everywhere
(PROMISE) triall*!] compared the safety and efficacy of three PMTCT regimens. It found
significantly lower rates of perinatal HIV transmission among women randomized to receive
a three-drug ART combination than was seen in those receiving only zidovudine antenatally
with intrapartum nevirapine; but also reported higher rates of adverse birth outcomes among
those women receiving antepartum combination ART compared to those exposed to
zidovudine alone . We sought to further explore these findings in a secondary analysis that
considered demographic, baseline clinical, and post-entry obstetrical factors that may have
mediated any adverse antiretroviral treatment effect or that may have independently
increased the probability of adverse birth outcomes.

Methods

Study Setting and Population

PROMISE 1077BF/1077FF was a multi-component randomized trial conducted at fourteen
sites in seven countries (six in Sub-Saharan Africa and one in India). The present analysis
focused on the antepartum component of the trial, the design and findings of which have
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been reported elsewherel!1]. This study enrolled HIV-infected pregnant women of at least 14
weeks gestation who did not meet clinical or CD4* T-lymphocyte (CD4) count requirements
for treatment initiation based on country guidelines (usually 350 cells/ mm?3). We excluded
women with prior ART exposure, although prior receipt of one or two antiretroviral drugs to
prevent perinatal HIV transmission in a prior pregnancy was permitted, as was thirty or
fewer days of pre-randomization exposure during the current pregnancy. We excluded those
with: entry hemoglobin concentration < 7.5 g/ dL , serious laboratory abnormalities based on
DAIDS Toxicity Tables, 2004121 active tuberculosis or recent TB treatment, hepatitis B
(HBV) treatment, and pregnancies where fetus(es) had a serious malformation.

In the antepartum component of PROMISE, women were randomly assigned to one of three
regimens/study arms: (A) zidovudine (ZDV) plus intrapartum single-dose nevirapine (“ZDV
alone™); (B) zidovudine/lamivudine and lopinavir-ritonavir (“ZDV-based ART"); or (C)
tenofovir (TDF), emtricitabine, and lopinavir-ritonavir (“TDF-based ART”). Under protocol
versions 1.0 and 2.0, hereafter called period 1, women who tested negative for hepatitis B
surface antigen (HBsAg) were eligible to be randomized into study arms A and B only,
while those who tested HBsAg positive were eligible for any of the three arms. Under
protocol version 3.0, hereafter referred to as period 2, which began in October 2012,
participants were randomized with equal probability into any of the three study arms,
irrespective of HBsAg status. This modification was made in response to evolving treatment
guidelines regarding TDF safety for pregnant women.

Outcomes and Definitions

Maternal trial participants were evaluated at 2 and 4 weeks post enrollment and thereafter
every 4 weeks until delivery. We used a modified Ballard newborn assessment [13: 14] as the
primary approach to estimate gestational age at delivery. We defined preterm delivery (PTD)
and very preterm (VPTD) delivery as <37 weeks and <34 weeks gestation at birth,
respectively, and defined low birth weight (LBW) and very low birth weight (VLBW) as
<2500g and <1500g, respectively. We also defined a composite adverse pregnancy outcome
as any of the following: PTD, LBW, spontaneous abortion (<20 weeks gestation), or
stillbirth (born dead without heart rate or respiratory effort on or after 20 weeks gestation).
We further defined a severe composite adverse pregnancy outcometo include: VPTD,
VLBW, spontaneous abortion, or stillbirth.

For multiple births, if any of the infants met the criteria for an adverse or severe adverse
outcome, the pregnancy was classified as having the corresponding outcome, either on the
single outcomes evaluating prematurity or birth weight or on the composite outcomes.

Design of the present analysis

This study is a secondary analysis designed to investigate demographic, baseline clinical,
and post-entry obstetrical risk factors associated with preterm delivery and low birth weight,
along with the composite outcomes defined above. Note that the analyses for PTD, VPTD,
LBW and VLBW were limited to pregnancies with at least one live birth (N=3333), while
the analyses with the composite outcomes also included 90 singleton pregnancies whose
only outcomes consisted of stillbirths or spontaneous abortions, yielding a total sample of
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N=3423. These analyses assessed the independent effects of known and suspected risk
factors on adverse pregnancy outcomes, and evaluated the extent to which they might have
mediated the ART treatment effect on adverse birth outcomes.

Predictor variables included in this secondary analysis were as follows:

1 baseline maternal clinical and demographic factors: maternal age, maternal body
mass index (BMI), gestational age, country, treatment group, CD4 count, HIV
viral load, multiple gestation, history of prior preterm birth, history of cigarette
smoking, history of alcohol use, and HBsAg status. All were assessed at entry
except for maternal age, which was assessed at delivery.

2. maternal obstetrical risk factors identified post randomization and throughout the
pregnancy: abruptio placentae, placenta previa, chronic hypertension, pregnancy
induced hypertension, polyhydramnios, oligohydramnios, intrauterine growth
restriction, preterm labor, premature rupture of membranes, vaginal bleeding,
lower genital tract infection, and urinary tract infection (UTI).

Statistical Analysis

The overall strategy of the data analysis was to: 1) perform univariate logistic analyses to
identify variables meeting a criterion of at least marginal association (p-value<0.15) with
one or more of the pre-defined adverse pregnancy outcomes; 2) enter these variables into
multivariate logistic models as predictors of pregnancy outcomes and examine their
associations with these outcomes, controlling for one another (note: obstetrical risk factors
with N<5 events were excluded from multivariate analyses); 3) utilize a backward
elimination procedure to sequentially remove the least significant variable from the model,
until only those with p-value<=0.10 remained; 4) enter the variables retained after the
backward elimination procedure into models which restrict the data to participants accrued
during period 2 of the trial where there was equal randomization to each of the three
treatment arms. This allowed us to examine whether the effects of these predictors in the
period 2 analyses were consistent with those found to be at least moderately associated with
one of these outcomes in the full sample models covering period 1 and period 2 (p-
value<0.10).

Results

Between April 2011 and October 2014, 3423 participants delivered. This included 1507
women randomized to ZDV alone (Arm A), 1497 women to ZDV-based ART (Arm B), and
419 to TDF-based ART (Arm C). The vast majority (97%) were black African. The median
maternal age at enrollment was 26 years (interquartile range [IQR]: 22-30) and the median
BMI at entry was 26.1 kg/m? (IQR: 23.5-29.7). Almost all maternal participants (97%) were
WHO clinical stage 1 (asymptomatic) and 37% enrolled at 28 weeks of gestation or later.
Only 197 (6%) of participants had received ARVSs for prior PMTCT and 790 (23%) had used
ARVs for PMTCT during the current pregnancy prior to study enrollment. A total of 681
women (20 %) were nulliparous, and 115 (3 %) reported at least one prior PTD. [See Digital
Supplement Table S-1 for full baseline characteristics]
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Every pregnancy with at least one live birth (n=3333) was included in the analyses for PTD,
VPTD, LBW and VLBW outcomes. This included all of the 60 multiple gestation
pregnancies. For each of the 3 treatment arms, the incidence of multiple gestation was 2%
(data not shown). There were also 90 singleton pregnancies where the outcome was either
stillbirth or spontaneous abortion; note that these were included in the composite and severe
composite outcome definitions. Among the 3333 women delivering at least one live born
infant, median birth weight was 2900g (IQR 2600-3200), with 558 infants weighing <2500
g. Median gestational age (GA) at birth was 39 weeks (IQR 38-40), and 557 infants were
born prior to 37 weeks gestation. Among these pregnancies with at least one live birth, the
percentages of PTD, VPTD, LBW and VLBW were 17%, 3%, 17% and 1% respectively.
Among all pregnancies (n=3423), 27% had a composite and 6% had a severe composite
adverse pregnancy outcome.

Predictor variables which did not meet the pre-established criteria to be included in the
multivariate analyses (history of cigarette smoking, placenta previa, polyhydramnios, lower
genital tract infection and hepatitis B status) are not included in Figure 1 or in any of the
Tables. The clinical variables which met the p-value <0.15 criteria for inclusion in
multivariate logistic analyses include: antiretroviral regimens, maternal age, maternal BMI at
entry, HIV-RNA at baseline and CD4 at screening, history of alcohol use, country,
gestational age at entry, multiple gestation, and prior preterm births. The following
obstetrical complications also met the inclusion criteria: abruptio placentae, chronic
hypertension, pregnancy-induced hypertension, oligohydramnios, intrauterine growth
restriction, premature labor, premature rupture of membranes, urinary tract infection, and
vaginal bleeding.

Complete results, which include all variables meeting the p-value<0.15 criteria for inclusion
in the multivariate models, are presented in Digital Supplement Tables S-2 for PTD and
VPTD and S-3 for LBW and VLBW. These models also include results restricted to data
from period 2. Tables 1 and 2 present selected predictor variables, summarizing findings
from these models. Digital Supplement Table S-4 presents results for the composite and
severe composite outcomes.

Treatment Effects on Adverse Pregnancy Outcomes Remain Significant after Controlling
for Demographic/Baseline Clinical and Obstetric Factors:

In multivariate analyses, for the PTD and LBW outcomes, the adjusted odds ratios of both
ART regimens compared to the ZDV alone regimen remained significantly greater than 1.0,
indicating increased risk, and for the composite outcomes, they showed similar patterns that
were at least marginally significant. However, for VPTD and VLBW, the ZDV-based ART
regimen did not differ significantly from ZDV alone, while the TDF-based ART regimen
exhibited significantly greater odds ratios than ZDV alone, indicating increased risk of
delivery at <34 weeks gestation, as well as increased risk of birth weight <1500g. When
comparing the two ART regimens, the TDF-based ART regimen demonstrated significantly
higher risk of VLBW and VPTD compared to ZDV-based ART. These patterns held true for:
the univariate analyses of treatment effects, the multivariate models prior to backward
elimination, the multivariate models subsequent to backward elimination and multivariate
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models restricted to those accrued during period 2 (Figure 1 and Digital Supplement Tables
S-2, S-3, S-4).

Other Significant Predictors of Adverse Pregnancy Outcomes (Digital Supplement Tables
S-2 and S-3):

In addition to the treatment effects, other factors significantly associated with preterm
delivery and/or low birth weight that remained in multivariate models after backward
elimination, included: maternal BMI at entry, HIV-RNA at baseline, gestational age at entry,
prior preterm births, country, abruptio placentae, multiple gestation, hypertension, maternal
age at delivery, oligohydramnios, intra uterine growth restriction, premature labor, preterm
rupture of membranes and vaginal bleeding.

Discussion

The association of ART with adverse pregnancy outcomes remains strong after controlling
for other well-known demographic, clinical and obstetrical risk factors.

In these analyses of data from HIV positive women in the PROMISE multi-country trial
conducted in East and Southern Africa and India, maternal ART effect remained a
significant risk factor for LBW/VLBW and PTD/VPTD adverse pregnancy outcomes
compared to antenatal ZDV alone, even after adjustment for a number of key demographic/
clinical and obstetrical risk factors. These multivariate analyses reinforce the initial
antepartum component findings from PROMISE, which found that use of antepartum Pl
based ART was associated with increased risk of adverse birth outcomes compared to ZDV
alone.[11]

Both ART regimens (TDF/FTC/LPV/r and ZDV/3TC/LPV/r) were associated with an
elevated risk for moderate outcomes of PTD <37 weeks and LBW <2500g, and the
composite outcome (including stillbirths and spontaneous abortions) when compared to
antenatal ZDV alone. The TDF-based, but not the ZDV-based, ART regimen had a
significantly higher risk for severe outcomes, relative to the ZDV alone arm. Moreover,
relative to the TDF-based ART regimen, the ZDV-based regimen was associated with
significantly lower risk of the severe outcomes (VPTD and VLBW) but not the moderate
outcomes (PTD and LBW). These strong treatment effects, which were evident even after
adjustment for various risk factors, could potentially be explained by treatment- associated
changes in progesterone levels: several studies report that Pl regimens were associated with
lowered progesterone levels, which can increase the risk of preterm delivery.[15-18] Given
that Pls have poor transplacental transfer, it unlikely that there is a direct effect on the fetus.
Other potential mechanisms may include an independent effect of TDF-FTC, or a TDF-
FTC/LPV/r interaction, on hormonal levels as well as possible chronic residual immune
activation which is known to occur in patients who are stable and on ART. [29] In addition,
specific ART regimens may increase the risk of placental insufficiency, potentially related to
placental endothelial damage, which could likewise affect fetal growth and risk of preterm
delivery[29} The fact that the antiretroviral treatment effects remained significant, while
controlling for multiple clinical and obstetrical risk factors, suggests that these background
risk factors were not the primary biological factors mediating the ARV treatment effects.
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The results from this analysis are comparable with findings from some, but not all, prior
research studies that showed an association between adverse pregnancy outcomes including
PTD/LBW and PI based regimens!2L1]. These include studies performed in Botswana, where
HIV positive women who were on a Pl based ART regimen had significantly increased risk
of preterm births, still births and small for gestational age infants compared to those on an
antenatal NRTI regimen(22]. More recent Botswana surveillance findings reported by Zash et
al [23] found a higher risk of adverse pregnancy outcomes for women on ZDV/3TC/LPV/r
ART compared to TDF/FTC/EFV or TDF FTC/LPV/r ART.

Additional Risk Factors for Adverse Pregnancy outcomes in PROMISE are consistent with
findings in general populations of pregnant women.

These analyses also found that a number of obstetrical, demographic and clinical risk factors
were related to adverse pregnancy outcomes among PROMISE HIV-infected women; this is
consistent with findings from observational studies in non-HIV-infected populations.[24-2¢]
In PROMISE, the demographic/clinical factors associated with LBW and/or PTD included:
maternal BMI at entry, HIV-RNA at baseline, history of prior PTD outcomes and study
treatment regimen. Obstetric risk factors included several common complications of
pregnancy (i.e., multiple pregnancy, pregnancy induced hypertension, chronic hypertension,
intrauterine growth restriction, abruptio placentae, oligohydramnios, premature labor,
premature rupture of membranes, vaginal bleeding and gestational age at entry).

Low maternal BMI at entry (<18.5) was a significant risk factor for PTD, with 9 of 24 low
BMI mothers delivering prior to 37 weeks, where odds ratios were greater than 1.0 for the
multivariate analyses, but were only statistically significant with the data restricted to
participants enrolled in period 2. Univariate analyses revealed a significant association
between low BMI and LBW, but this relationship was not statistically significant in
multivariate analyses. None of the low BMI mothers delivered prior to 34 weeks or had
infants with birth weight <1500g; thus, valid odds ratios could not be estimated. In contrast,
high BMI was protective against risk of PTD, VPTD, LBW and VLBW, where the
univariate odds ratios were <1.0; but not statistically significant (except for PTD), while the
adjusted odds ratios in the multivariate analyses on the full sample were all <1.0 with p-
values close to 0.02. The association between low maternal BMI and PTD and LBW could

potentially be explained by nutritionally deficient diet, strenuous daily life or medical
iliness.[27-28]

Maternal baseline HIV-RNA >20,000 copies was not associated with LBW or VLBW, but
was associated with significantly greater risk for PTD and VPTD in univariate analyses. In
multivariate analyses, the odds ratios remained above 1.0 with the p-values only remaining
marginally statistically significant for PTD, but not for VPTD. This is consistent with a
Kenyan study where maternal plasma and cervical HIV-RNA levels were associated with
higher chances of preterm births.[2%]

Gestational age at study entry was included in the models to adjust for the fact that mothers
could be enrolled from 14 weeks gestation through delivery. Results indicate that those
enrolling earlier in gestation were more likely to deliver prematurely and consequently, to
have infants with lower birth weight than those enrolling later. However, although this could
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be the result of longer exposure to study drugs, it could also be a trivial result, indicating that
those enrolling early simply had a longer time period during which a delivery could be
premature, while those enrolling late had either little or no time for this to happen. Thus, the
effects of gestational age at entry should be interpreted with caution, but it is important to
control for this variable in the multivariate analyses, since gestational age at entry may have
implications for the effects of the other variables in the models.

In line with prior obstetrical research, multiple gestation was a very strong risk factor for
PTD, VPTD, LBW and VLBW, which remained highly significant across the multivariate
analyses, including those with data restricted to participants enrolled during period 2. In the
data on the full sample, history of prior preterm births was also a significant risk factor for
PTD and LBW, but not for VPTD or VLBW,; however, this effect was not present with data
restricted to those accrued under period 2. In the general obstetric literature, both of these
factors, multiple gestation and prior preterm births, are well known risk factors for the
outcomes of interest.[24]

The effects of country (as seen in Digital Supplemental Table S-2 and S-3) appear to be
significant and complex. South Africa was chosen as the reference country for the
calculation of odds ratios, because of its relatively advanced level of medical care.
Univariate analyses revealed that, with the exception of Tanzania, all other countries differed
significantly from South Africa with respect to PTD, with Malawi, Zambia and India
showing greater risk, while Uganda and Zimbabwe appeared to be protective. Further study
may be needed to understand these results.

In PROMISE, the youngest maternal age category at delivery (18-<21yrs) was a significant
risk factor for PTD in univariate, but not multivariate analyses. Other studies, [29-30 have
shown that teenage pregnancy, which is often associated with limited access to prenatal and
antenatal care, poor nutrition and risky behaviors such as smoking and alcohol consumption,
is associated with LBW, as well as PTD.

Various obstetric risk factors known to be related to adverse pregnancy outcomes were also
included in these analyses. Pregnancy induced hypertension was significantly associated
with PTD, VPTD, LBW and VLBW in univariate and multivariate analyses that included all
data; it remained significant for PTD and LBW, but was only marginally significant for
VPTD and not significant for VLBW in data restricted to period 2. Chronic hypertension
had more complex effects, exhibiting a significant association with VPTD and VLBW, but
not PTD and LBW, in univariate analyses, and remaining significant for VPTD and VLBW
in multivariate analyses after backward selection. Oligohydramnios was strongly associated
with PTD, VPTD, LBW, and VLBW in both univariate and multivariate models. Intrauterine
growth restriction was significantly associated with PTD, LBW, and VLBW in both
univariate and multivariate analyses, while it was significantly associated with VPTD only in
univariate analyses. Premature labor and premature rupture of membranes were each
significantly associated with PTD, VPTD, LBW and VLBW, with these effects persisting in
multivariate analyses and in period 2 data. In the data on the full sample, vaginal bleeding
was a significant risk factor for LBW in univariate and multivariate analyses but was not
significant for the other outcomes. Abruptio placenta which was a relatively rare event, was
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a risk factor for PTD, VPTD, LBW and VLBW where relatively high odds ratios persisted
throughout univariate and multivariate analyses. These findings are consistent with literature
from general obstetrical observational studies concerning general risk factors associated with
low birth weight and preterm delivery. [24-26]

Strength and Limitations.

These analyses had certain limitations. Some potential obstetrical risk factors were too rare
events for inclusion in the multivariate analysis. Moreover, the only triple ART regimens
were Pl-based. Due to limited availability of ultrasound and potential inaccuracies in
estimation of last menstrual period, the estimation of gestational age depended on Ballard
assessment. This may have resulted in some misclassification of gestational age
determination at birth- [31]

However, major strengths of the PROMISE trial were that it was a randomized study which
reduced the risk of potential bias, that it had a large sample size and that it was performed at
multiple international sites, hence enhancing its validity and generalizability. In addition, the
PROMISE study had strong data quality, given the high degree of quality control, quarterly
site visits to monitor the trial data, ongoing internal data review and presentations to the
external data safety monitoring board (DSMB).

Conclusion

In conclusion, these analyses demonstrate that, even after adjustment for a number of well-
established clinical, demographic and obstetrical risk factors, maternal Pl based ART
regimens given for PMTCT among HIV-infected pregnant women remained an important
risk factor for PTD/VPTD and LBW/VLBW outcomes, compared to antenatal ZDV alone.
Moreover, TDF-based ART was significantly associated with greater numbers of severe
adverse pregnancy outcomes than was ZDV-based ART. With the current rollout of lifetime
ART according to “test and treat” recommendations by WHO and being implemented by the
Ministries of Health, these results which corroborate potential negative effects of maternal
ART on pregnancy outcomes, need to be considered in the management of HIV positive
pregnhant women so as to reduce the risk of low birth weight and preterm delivery outcomes,
as well as composite adverse pregnancy outcomes, that are associated with high rates of
infant morbidity and mortality, particularly in resource limited settings. Further research is
needed to elucidate the biologic mechanisms underlying these adverse pregnancy outcomes,
in order to optimize maternal treatment/PMTCT regimens. In addition, more studies are
required to investigate whether this effect occurs with other PI’s or more recent ARV’s such
as some integrase inhibitors.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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TREATMENT EFFECT'S ADJUSTED ODDS RATIO AND 95% CI FOR MODERATE AND SEVERE PREGNANCY
OUTCOMES

Adjusted Odds
Ratio (95% CI)

TREATMENT COMPARISON: ZDV+3TC+LPV/rvs. ZDV alone (ref)

PTD — 1.82(1.47, 2.26)
LBW —i 267 212, 3.36)
Composite e 2.24 (1.87, 2.69)
VPTD ] 1.19 0.73, 1.94)
VLBW p—— 212 (0.90, 5.00)

Severe Composite 1.38 (0.99, 1.94)

TREATMENT COMPARISON: TDF+FTC+LPV/rvs. ZDV alone (ref)

F—
=

LBW p—rv 218 (155, 3.07)
ae

PTD 1.77 129, 2.43)
Composite 1.67 (1.27, 2.20)
VPTD —_— 3.14 (1.77, 555)
VLBW b | 6.39 2.35,17.39)
Severe Composite ——— 1.94 1.22, 3.08)
TREATMENT COMPARISON: TDF+FTC+LPV/rvs. ZDV+3TC+LPV/1 (ref)
PTD I+ 097 (0.72, 1.31)
LBW to- 082 (060, 1.12)
Composite fof 0.74 (0.57, 0.97)
VPTD e — 263 (1.51. 460)
VLBW e 3.02 (1.22, 7.47)
Severe Composite = 1.40 (0.89, 2.20)

T T T T

0 S 10 1>

Figure 1: Maternal Treatment Effects on Adver se Pregnancy Outcomes after Controlling for
Demographic/Baseline Clinical and Obstetric Factors

Definition of pregnancy outcomes:

PTD = Preterm delivery (<37 WKks), LBW = Low birth weight (<2500 g), Composite =
Preterm delivery, low birth weight, spontaneous abortion or stillbirth, VPTD = Very preterm
delivery (<34 Wks), VLBW = Very low birth weight (<1500 g), Service Composite = Very
preterm delivery, very low birth weight, spontaneous abortion or stillbirth.

J Acquir Immune Defic Syndr. Author manuscript; available in PMC 2020 August 15.



Page 13

T0'T-68°0 056°0 : : 66°0-26°0 156°0 16'0-16°0 8£6°0 ' _ aldA
66'0-96°0 260 ' : dld Anuas ye abe [euoneisso
87'v—25°0 GZST €€ T LT'€-98°0 679'T €2°¢-10'T 908'T 686  £F aldA 00002 =
LT'S€V'0 981’7 16T L 20°€-59°0 Yov'T £6'2-2L0 150’7 gey 91 aldA 00002 > -0000T
62°2-12°0 68L°0 eey GT G9'T-EY0 780 08'T-€50 €160 9TZT  0¢ aldA 0000T > - 000T
912 L : : ' : €9 91 aldA 000T >
1€2-08°0 29¢'T 882 €9 Z8'T-00'T SPe'T 06'T-TT'T 8ri'T 88,  v6T ald 00002 2
¥0'2-95°0 990'T z€eT 9z €8'T-06'0 08Z'T 18'T-G6'0 L0ET 69 8 ald 00002 > -0000T
G9'T-65°0 886°0 T.€ 19 6€T-LL0 9e0'T GE'T-6L0 2€0'T 090T 98T ald 0000T > - 000T
88T Ge ' _ ' : €56 ¥6 ald 000T > aul|aseq 1e YNY-AIH
19°0-€0°0 2210 e 4 18'0-52°0 19v°0 T T-S7°0 1€L°0 0S. 6T aldA 0e<
€8 8¢ : : ' : vz 8 aldA 0e>-G'8T
4 4 9 0 4 4 4 4 ve 0 aldA g'8T >
28°0-82°0 2810 02z 514 68'0-25°0 1190 88'0-G5'0 7690 0.9 66 ald 0e=
2sL 6ST : : : ' v80Z Vv ald 0e>-G'8T
25'85-2r'T 00T'6 z 4 6T°G-8L°0 §10'C 87'9-€2'T 918'C qT 6 ald g'8T > Anus 1e |ING [eulale
(ALI-ADT/HAL
9T’ /—0€'T G50°€ 8¢ €z 6§'G-LL'T 8eT'e 0Zy-6v'T 861'C 188 Gz aldA -014) AYV 8jduL
(ALIADTIAQZ
Y e-St°0 et G8e 6 ¥6'T-€L°0 T6T°T ¥8'1-GL°0 8/TT TIWWT  &F aldA -01€) AdV 8lduL
11e}
98¢ 1 ' _ ' ' 0EVT L€ aldA NHL+dNAPS+AQZ
(ALI-ADT/HAL
152707 v19'T 4% 69 £r'Z-62'T 69T 0T'Z-8T'T 0/8T vee 8. ald -014) AYV 8jduL
(ALIADTIAQZ
08'Z-LT'T 608'T 1443 0L 92T-LY'T 28T v0'Z-LET 199'T GOTT 682 ald -01€) AV 8|duL
11e}
are rAs ' _ ' ' LIZT 06T ald NHL+dNAPS+AQZ JuBWIeal ]
1D %56 017y SpPO N A 1D %56 o017y SpPO 1D %56 olrey N A aWwooINO Joyed X1y
pasnipy pasnipy sppO Koueube id
*mm>_mc< SUN0D O'S A uo1199jeS p Jemoeg ssAfeuy arlleAlun SuNoD
aTeleAll NN 0°E BA ssAuvy arLRANINN

Sebikari et al.

SBWO2INO (SX89M ¥E> :ALdA) Aaaljep wisiaid A1aa pue (Syeem JE> :dld) Aaalap wualaid yiim sired |-|A 104 SYNsal SIsAjeuy

‘T al1qeL

Author Manuscript Author Manuscript Author Manuscript Author Manuscript

J Acquir Immune Defic Syndr. Author manuscript; available in PMC 2020 August 15.



Page 14

Sebikari et al.

€CT1 £ ‘ _ ‘ ‘ voze 00T aldA ON
4 4 9 0 €0'65-6T'S 60S'LT G8'LT-05C G99 ve S aldA SOA
116 68T ‘ _ ‘ ' 652  G¥S ald ON
LT'SZ-8T'0 0ST'C 14 4 0€,-12T 9w0'e €5 /-0L'T G/S'€ T ald SOA soluwespAyobiio
00TT oy i _ : : T2TE 06 aldA ON
€C6T-€60 8¢y 6¢ € 98'T1-/8'C 2€8's 89'8-2L'C 198 L0T T aldA SOA
956 81 : _ ‘ ‘ 969z  GI§ ald ON worsusysdA
¥52-00'T €6.°C 14 L 66'5-9v'C 9e8'e vOv-28'T 8r.L'C 08 v ald SOA paonpuj Aoueubaid
L2TT rA4 ‘ _ ‘ ' Soee 10T aldA ON
0T'0L€-52°0 €29'6 14 T 658T-2€'T 14004 GZ'9T-/8'T 615G 14 4 aldA SOA
6.6 06T i _ : : G5lZ 1SS ald ON
4 T ' : 95°€-/G0 62v'T 12 9 dld SAA uoisuanadAH o1uoayd
1211 rA7 : _ ‘ ‘ €eze 20T aldA ON
€9'209-8T°C 8€2'9¢ 14 1 T€'89T-92'9 €972 T7'08-L'y 656'8T S € aldA SOA
086 68T ‘ _ ‘ ' €L0T 2SS ald ON
0,'96€-08'C LyEEe T 4 € TL-9E'E €LV'ST ¥1'G€-00C 2.e8 € S ald SOA ejudoe|d ondnigy
wisjeud
8¢ T ‘ _ SCY-LL0 018'T 0T 9 aLldA U0 Jsed] Je ‘snoJed
wJayaud
9.8 ze i _ : : 8vc 6L aldA Joud ou ‘snosed
vee 01 ‘ _ 19'T-09°0 6.6'0 w9 0¢ aldA snouedi|InN
wiayaud
28'€-9€°0 9UT'T 14 4 6LC-¥0'T v0L'T €87-LT'T 028'T 8 8 aid 3U0 Jsea] Je ‘snoJed
wisraid
9L T ’ ' ’ ’ (53] YA 0] 4 ald Joud ou ‘snosed
612680 €9€'T 16T 37 16'T-88°0 0ST'T GS'T-00'T Vet 9eS  GeT ald snosedijinN syuiq wiald Joud
LTes-LY'S 216'91 6T L LT6T-L9Y v9v'6 €6'T¢—¥E9 T6L'TT S 6T aLldA s1a]dLy/suML
0TTT 9 : _ ‘ ‘ €8TE 06 aldA uols|buis
€2'S2-0EY L1701 01 91 60TT-95°€ 0829 EV'ZT-8EY 8Le'L G g€ ald siajduy/sump
1.6 GLT ‘ _ ‘ ' 162 2¢S ald uoys|Buls uolyelsab ajdnnin
1D %56 01724 SpPPO N A 1D %56 01724 SpPO 1D %56 olrey N A awooINO Jo1oeS sy
pasnipy pasnlpy sppoO Koueube id
*w.m\:mc,q SJUN0D O'S A uo1199eS pfemoeg SsAeuy aleleAlun Sjunod
SRIIeAININ 0°S PA ssAfeuy alelreAln N

Author Manuscript Author Manuscript Author Manuscript Author Manuscript

J Acquir Immune Defic Syndr. Author manuscript; available in PMC 2020 August 15.



Page 15

Sebikari et al.

*SLI0INO BY) PUR S|9POLU BY) Ul SB|GeLIeA

13410 8} USBMIB] SUOIIRIDOSSE 3U) BUITBLUNSS U S108)49 418U} 10} BUI||0IUO0D JO SUBSW PIfeA & PapIA0Ad S3GRLIBA 853U} JO UOISN|OUI IBASMOH “d.Ld/ 10§ SIUSAS OU PRy [Ng [eulsrew Jo A106sred 5'gT>
3y} ‘ajdwexa 104 "paleLusisa ag 10U pInod sariofiaied o1319ads Ul SJUBAS ou Buiney Sa|geLIeA 2011068189 10} SIUBIOIYA0D PIfeA 2J9UM SOUBISUI PRISINOJUS aMm ‘Bwoono AoueuBald 1dA 8y Joj S|opow ay uj

1

"ele@ ('€ UOISI9/ 10} [3POW SYRLIBAINW SU Ul PAPNJOUI J9M UOIII|9S PIeMOR] J3)Je [9POW 31BLIBAR|NW Bl ||V Y} Ul Paurewsl Jey) sererienod ayl Ajuo
x

6T0T Tt 9,62 96 aldA oN
01T 14 22850 L0TT 4 TANN ) aldA SN
v88 9Ll 086 228 dld ON
16 ot 601250 1510 92z S¢ dld S3A 1n
62IT  &F 1126 ¥0T aldA ON
0 0 8L'€T-¥20 9181 I 1 aldA S3A
186 16T 09/ §SS dld OoN
0 0 TL¢4T°0 €290 91 [ ald SOA Buipsslg reurben
AV 4 L6TE 96 aldA ON
07'219-85°€ 8€8°9 S 14 08'sr—€2'L 70287 18028V 6996 6 aldA S3A
6.6 981 65.C V€S dld ON SoUeIqUIBIY
ETPYI-ELY 021'92 4 g S6'6T-€T'S ETT0T LTET-TLE 0669 1T € dld S3A 10 aumdny ainfewald
0zTT L€ 88T¢ 16 aldA OoN
11°88-.8'G geLTe 6 9 98'ST-G€°C 8019 Zr'y1-00'e €159 o 8 aldA SN
16 08T 6Glz  0gS dld ON
60'5.-109 8vZ'1Z v T 19TT-€2°€ 219 T6'TT-GL°€ €899 2 2 dld S3A J0geT] ainjewsid
AV 6T2€  €0T aldA ON
] 0 95'26-87'T 766'9 6 z aldA S3A
6.6 88l zllz 0SS dld OoN —
9€'26-G'0 v18'€ Z € €T'T€-00'C 868, €2°06-15C 0288 14 L dld SN LIMOID BULIBIEAU|
1D %S6 o1y SpPO N A 1D %S6 o1y SPPO 1D %6 oley N A awWo2IN0 Jojoe 1y
pasnipy pasnlpy sppoO Koueube id
*w.m\:mc,q SJUN0D O'S A uo1199eS pfemoeg SsAeuy aleleAlun Sjunod

SrleAl NN 0'€BA

sisAfeuy arelreAlnn N

Author Manuscript

Author Manuscript

Author Manuscript

Author Manuscript

J Acquir Immune Defic Syndr. Author manuscript; available in PMC 2020 August 15.



Page 16

626  6VT : : : : 869z 91§ ma uoR|buis uonessah ajdinin
G6'0-2L°0 828°0 : : 76'0-28°0 1880 76'0-¥8'0 988°0 : : META
20'T-56'0 9860 : : 66'0-56'0 1.60 86'0-G6'0 7960 : : ma Anua 1e abe [euonelssD
0ge 4 897250 UTT €e6 9T META 0000Z 2
eVt T €1°2-02°0 169°0 LA META 00002 > -0000T
90v 4 ¥S1-92°0 ¥€9°0 06TT 1T MaTA 0000T > - 000T
80C € 19 6 META 000T >
€8¢ 18 : : y7'1-G8'0 91T 9L €T man 0000Z 2
zet 4 : : SY'1-GL°0 90T 156 vL man 00002 > -0000T
Gve G9 : : T€T-8L0 GT0°T 166 ¥0C ma 0000T > - 000T
Ut 6€ : : : : 126 SOT man 000T > auljaseq 18 VNY-AIH
16'0-00°0 G500 T€C T 680210 82€°0 6.T-8€°0 1280 €L 8 META 0€<
68 1 : : : : vove  2€ META 0€>-G'8T
4 4 S 0 4 4 4 4 € 0 META g8l >
2T 1570 6€L°0 20z 0 §6'0-95°0 T€L°0 20'T-59°0 0180 0€9  OTT man 0£<
€L €eT : : : : v00Z  2Ev ma 0€>-G'8T
T7'€1-10°0 YrE0 4 T 9T'6-89°0 1.8 ¥S11-22°C 090°S 1T ma g8l > Anus Je IINg [eusBIeN
(ALIAdHAL
0€°0vE—VE'T 9€7'82 LvE 6 6€°LT-G€C 06€'9 97’ L€ET e L 0T META -014) AYV aiduL
(ALI-AdTUNACZ
GG'8CT-€Y'0 otY'L 0L€ I 00'6-06'0 8IT'C 8T'€-€L0 LST €8ET 8T META -0L€) AYV dlduL
I1e}
zLe T : : : . 80rT 2T MEIA  AIL+dNAPS+AQZ
(ALIAdV/HAL
Lr99°T 008'C 76C 29 L0'€-SST €8T'C ETTSTT L9ST 6T€ 89 ma -014) AYV alduL
(ALI-AdTUNACZ
8T'9-12°C 669'€ 66 €L 9£'€-2TC 699°C L9T-8LT LT T80T  02€ mea -0L€) AYV dlduL
I1e}
ore €e : : : . 0S2T 0.1 man NI L+dNAPS+AQZ uswiesl |
1D %56 0152y SPPO N A 1D %56 0152y SPPO 1D %56 oley N A 8WooINO loyoed 81y
pasnipy paxsnlpy SppPO foueube id
SsAleuy alelleANINN 0'EPA  SIUNOD 0'E A uo1jees plemioeg ssAfUY afelLIRAILN SUN0D

ssAfeuy arelreAlnn

Sebikari et al.

sawoaino (6 00ST> :MATA) WbIem yuig mo| Asea pue (6 005z> M) yBI8m yuig mo| yum sired |-|Al 10§ s)Nsal siskjeuy
¢ d|qeL

Author Manuscript Author Manuscript Author Manuscript Author Manuscript

J Acquir Immune Defic Syndr. Author manuscript; available in PMC 2020 August 15.



Page 17

Sebikari et al.

'CTC-ST'T ¢T9°6T T 14 8G°9/y—¢v'9 96¢'SS 0€'8LE-8T9 €EC8Y T 0T mant SSA ymoio mﬂﬂ%ﬂ%wﬂ
€80T [4% ’ ’ ’ ’ evre L€ MAIN ON
4 4 9 0 G1°09-18C 00C°€T G¢'GE-G6'C 6107 S¢ € MAIA S8
0€6 99T ’ ’ ’ ’ Tv9¢ 6€S man ON
99'09-96°0 829, € € 9/'¥2-20°€ 6€9'8 86'CC-59Y ZreoT 6 61 mai SBA sojuweIpAyobiio
€907 7 ’ ’ ’ ’ €90€ 6¢ MAIA ON
WveEC-Ly0 9Gy'0T 9 T LTCEVCS €86'¢CT G/'2¢—8E'S S90°TT S0T 7 MAIA SSA
16 09T ' ’ ’ ’ 785¢ 11§ Man ON voisuaLadAH
8T'T1-99'T 68¢'Y 6T 8 T'e—81¢ vev'e ¥0'G-G€'¢C ovv'e 69 Ly Mg S8 paonpu| Adueubaid
9807 4 ’ ’ ’ ’ 1742 A MAIA ON
4 4 € 0 TE0r-8Y'1 8¢l ¥9'8€-6T°€ 880'TT €¢ € MAIN SOA
T€6 19T ’ ’ ’ ’ T€9¢ 1SS Mat ON
4 T ’ : TCV—v.0 6S.'T 6T A Mdai SOA uoisuauadAH o1uoiyd
980T [4% ’ ’ ’ ’ 291€  8€ MAIN ON
4 4 € 0 €9'9€€-0€°L 09567 ¥8'TvT-¢v'S LEL°LC 9 4 MAIA SA
T€6 19T ' ’ ’ ' 9Y9¢  ¥SS Mai ON
85°€9-87°0 LES'S 4 T 6¢°LEVST 98G°L 9T'6T-6T'T 9LL'v 14 14 Mg S8A ejusoe|d ondniqy
wualaud
ve T ' ’ €8'9-8€°0 609°T T0T 4 MaIA U0 ]ses] Je ‘snoted
wielaud
168 6 ’ : : ’ 8eve  0¢ MAIA Joud ou ‘snoted
€Te 4 ' ’ 8¢¢—8Y°0 440" ¥29 8 MAIN snoJedi|InN
wielaud
1811’0 Yar'l TC 14 69°€-0V'T clee 88'€-G9'T L2SC 0L €€ Mmat U0 Jses] Je ‘snoJed
walaid
vEL 9T ’ ’ ’ ’ 080¢ 88¢€ Mg Joud ou ‘snosed
02'¢-L80 L8€'T LT 8¢ T9'T-L60 et G8'T-6T'T ¥8¥'1T S67  LET Mmat snoJedi|InN syuiq wisiald Jotid
68°'G598—LV'6T ¥.0'6CT 6T 14 VL' Ll-6TCT 111°0€ ¥.'85-v6'CT 995°/¢ 514 T MAIN s19|duiy/suimL.
0.0T 8 ’ ’ ’ ’ G¢TE  6¢ MATA uolbuls
9%°'G9T-00"9T 09%'1S 14 67 Y6 vv—-9¢' 1T [4444 CCvE—9E'6 €68°LT [4) 474 Mmat saduy/sumL
1D %56 01y Sppo N A 1D %56 01y SppO 1D %S6 oley N A awodIN0 1010e4 XSIY
pasnipy pasnlpy sppoO Koueube id
SsAruyalelBANNINO'EPA  SIUN0D 0'EPA uo198 RS premoeg sisAfeuy alelrenlun sjunod

sisAfeuy arelreAl NN

Author Manuscript Author Manuscript Author Manuscript Author Manuscript

J Acquir Immune Defic Syndr. Author manuscript; available in PMC 2020 August 15.



Page 18

Sebikari et al.

'SOLI02INO B} PUB S|9POW BY} Ul S3|qeLIeA

19410 8} U9aMIaQ SUOILID0SSE aY) BUleWINSS Ul S1081J9 J194} 10} BU1||011U0 JO SuBaL pIjeA & papiAoid Sa|qeLIeA 853y} JO UOISN|OUI JaASMOH MATA J0) SIUSAS OU pey [N [eusalew Jo A1oBeyed G 8T> ayp
‘g)dwexa 104 "palewIse ag Jou pjnod saliofened o1y199ds Ul SIUBAS OU BulAey SBjgeLIEA 2011068180 10) SIUBIDLLB0D PIJEA BI9UM SBOURISUI PRISILINOIUS aM ‘BWw0oINo AoueuBald ApAGTTA 8U) 404 S|9pow 8y uj

i

“2le@ 0°E UOISIa/ 10} [3POW S1RLIBAINLW 8U) Ul PAPNJOUI 819M UOIID8]8S PIBAORY J3)E [9POL BJELIBANINW BIe ||V Y} Ul PaUTewal Jey) se1eLienod syl Aluo
v

086 A 1160 GE MaIA ON
60T 0 827590 099°T 152§ META S3A
668 €SI veve 8IS man ON

v6 ST vZ'1-19°0 0,80 9Tz Of man S3A 1Ln
680T T TGTE 6 MaIA ON
0 0 09'9-29°0 §SLY LT T MaTA SBA
€86 891 6£9¢ 1SS man ON

0 0 18'8-00T u6c 06°.-8T'T 8v0°€ 1 L ma SaA Buipea|g [eufien
€80T  TT Z€TE 9 MaTA ON
66'666<-19'€ SzL8 9 T €V’ L629Y 962'9T 85'82-17°€ 1996 %€ 7 MaIA S3A

0s6  ¥9T 289z 925 ma ON SoUeIqUBIY

88'€9-85'C 6821 € 4 ¥5'02-80'S 602°0T 92'11-02°€ 866'G 8T man SBA 40 aimdny ainjewsid
60T 0T l21e 9 MaIA ON
€1'602-85°€ €5€'12 (1) z v9'6T-TE'T 190G 16'72-68'C 81’8 w7 MaIA S3A
626 091 €9z 1€S man ON

Tr'€9-€9'7 L2111 v 8 TGTT-98°C GeL's 09°€T-L0'Y gev'L 8T L2 ma SA JogeT] ainjewsald
G80T  TIT 09T /€ MaIA ON
1568700 6L6'T 1 T 87°68-GY'T 6LETT 2§°SeT-LT8  l20°CE 8 € MaTA SBA
76 voT 6v9¢ 85 man ON

1D %56 013y SPPO N A 1D %56 013y SpPO 1D %56 orrey N A 8WooINO loyed >s1y
pasnipy pasnlpy sppoO Koueube id
*m.mz.mc,q QlelleAll NN O'SBA  SIUNOD O'EBA uo1199jBS p Jemoeg ssAfeuy arelreAlun SuNoD

sisAfeuy arelreAl NN

Author Manuscript

Author Manuscript

Author Manuscript

Author Manuscript

J Acquir Immune Defic Syndr. Author manuscript; available in PMC 2020 August 15.



	Abstract
	Introduction
	Methods
	Study Setting and Population
	Outcomes and Definitions
	Design of the present analysis
	Statistical Analysis

	Results
	Treatment Effects on Adverse Pregnancy Outcomes Remain Significant after Controlling for Demographic/Baseline Clinical and Obstetric Factors:
	Other Significant Predictors of Adverse Pregnancy Outcomes (Digital Supplement Tables S-2 and S-3):

	Discussion
	The association of ART with adverse pregnancy outcomes remains strong after controlling for other well-known demographic, clinical and obstetrical risk factors.
	Additional Risk Factors for Adverse Pregnancy outcomes in PROMISE are consistent with findings in general populations of pregnant women.
	Strength and Limitations.

	Conclusion
	References
	Figure 1:
	Table 1:
	Table 2:

