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Abstract

Background: Maternal HIV increases the risk of adverse birth outcomes including preterm birth, fetal growth restric-
tion, and stillbirth, but the biological mechanism(s) underlying this increased risk are not well understood. We hypoth-
esized that maternal HIV may lead to adverse birth outcomes through an imbalance in angiogenic factors involved in
the vascular endothelial growth factor (VEGF) signaling pathway.

Methods: In a case—control study nested within an ongoing cohort in Zambia, our primary outcomes were serum
concentrations of VEGF-A, soluble endoglin (sEng), placental growth factor (PIGF), and soluble fms-like tyrosine
kinase-1 (sFLT-1). These were measured in 57 women with HIV (cases) and 57 women without HIV (controls) before
16 gestational weeks. We used the Wilcoxon rank-sum and linear regression controlling for maternal body mass index
(BMI) and parity to assess the difference in biomarker concentrations between cases and controls. We also used logis-
tic regression to test for associations between biomarker concentration and adverse pregnancy outcomes (preec-
lampsia, preterm birth, small for gestational age, stillbirth, and a composite of preterm birth or stillbirth).

Results: Compared to controls, women with HIV had significantly lower median concentrations of PIGF (7.6 vs

10.2 pg/ml, p=0.02) and sFLT-1 (1647.9 vs 2055.6 pg/mL, p=0.04), but these findings were not confirmed in
adjusted analysis. PIGF concentration was lower among women who delivered preterm compared to those who
delivered at term (6.7 vs 9.6 pg/mL, p=0.03) and among those who experienced the composite adverse birth out-
come (6.2 vs 9.8 pg/mL, p=0.02). Median sFLT-1 concentration was lower among participants with the composite
outcome (1621.0 vs 1945.9 pg/mL, p=0.04), but the association was not significant in adjusted analysis. SEng was not
associated with either adverse birth outcomes or HIV. VEGF-A was undetectable by Luminex in all specimens.

Conclusions: We present preliminary findings that HIV is associated with a shift in the VEGF signaling pathway in
early pregnancy, although adjusted analyses were inconclusive. We confirm an association between angiogenic bio-
markers and adverse birth outcomes in our population. Larger studies are needed to further elucidate the role of HIV
on placental angiogenesis and adverse birth outcomes.

Keywords: HIV, Placental growth factor, Soluble fms-like tyrosine kinase-1, Preterm birth, Stillbirth

*Correspondence: megan_smithmyer@med.unc.edu BaCkground

! Division of Global Women’s Health, Department of Obstetrics 1.5 million women with HIV become pregnant every
and Gynecology, University of North Carolina at Chapel Hill, Chapel Hill, year, with 87% living in Sub-Saharan African countries,
NC, USA . . .

Full list of author information is available at the end of the article like Zambia [1]. Despite the progress that has been made

©The Author(s) 2021. Open Access This article is licensed under a Creative Commons Attribution 4.0 International License, which
permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the
original author(s) and the source, provide a link to the Creative Commons licence, and indicate if changes were made. The images or

other third party material in this article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line
to the material. If material is not included in the article’s Creative Commons licence and your intended use is not permitted by statutory
regulation or exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To view a copy of this
licence, visit http://creativecommons.org/licenses/by/4.0/. The Creative Commons Public Domain Dedication waiver (http://creativeco
mmons.org/publicdomain/zero/1.0/) applies to the data made available in this article, unless otherwise stated in a credit line to the data.


http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://crossmark.crossref.org/dialog/?doi=10.1186/s12884-021-03965-5&domain=pdf

Smithmyer et al. BMC Pregnancy Childbirth (2021) 21:534

in expanding access to antiretroviral therapy (ART),
women with HIV are still at increased risk for preterm
birth (PTB), fetal growth restriction (FGR), and stillbirth
[2]. Studies of placental development in women with HIV
have demonstrated alterations in the vascularization of
the placenta that are associated with pregnancy com-
plications like PTB and FGR [3, 4]. Others have shown
that among women with HIV, angiogenic imbalance,
which can lead to dysregulated placental vascularization,
is associated with pregnancy complications and adverse
birth outcomes [5, 6].

In early pregnancy, the formation and expansion of
blood vessels within the placenta are promoted through
the vascular endothelial growth factor (VEGF) signaling
pathway, which is tightly regulated by pro-angiogenic
(VEGE-A, placental growth factor [PIGF]) and anti-angi-
ogenic (soluble fms-like tyrosine kinase -1 [sFLT-1], solu-
ble endoglin [sEng]) signaling proteins [7, 8]. Imbalances
in these proteins have been linked to pregnancy-related
adverse outcomes such as miscarriage [9-11], spontane-
ous PTB [12], FGR [5, 12, 13], and stillbirth [5, 14]. While
these studies showed that angiogenic imbalance is asso-
ciated with adverse birth outcomes among women with
and without HIV from distinct cohorts, it is not clear
whether HIV infection itself is related to angiogenic
imbalance in a single cohort. If HIV infection induces
an angiogenic imbalance in pregnant women, that could
provide insight into a mechanistic explanation for the
increased incidence in adverse birth outcomes observed
in women with HIV and could present an opportunity for
future therapeutic interventions. To test the hypothesis
that HIV infection is associated with angiogenic imbal-
ance in early pregnancy, we conducted a nested case—
control study comparing concentrations of angiogenic
signaling proteins between women living with HIV and
those without.

Methods
ZAPPS cohort description
This study used clinical data and biorepository specimens
collected from pregnant women enrolled in the Zambian
Preterm Birth Prevention Study (ZAPPS; ClinicalTri-
als.gov Identifier: NCT02738892). ZAPPS is an ongoing
observational antenatal cohort established at the Women
and Newborn Hospital of the University Teaching Hos-
pital in Lusaka to characterize factors associated with
adverse birth outcomes. The data and specimens used in
the current analysis are all derived from participants in
the first phase of ZAPPS, which completed enrollment in
September 2017 and follow-up in June 2018 [15, 16].
ZAPPS participants are enrolled before 24 gesta-
tional weeks, as determined by ultrasound at screen-
ing. All participants are tested for HIV with the Alere
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Determine HIV-1/2 test kit (Abbot Diagnostics, Lake
Forest, Illinois, USA). Positive results are confirmed
with the SD Bioline 3.0 (SD Biostandard Diagnostics,
Gurgaon, Haryana, India). Women newly diagnosed
with HIV are counseled and referred to the appro-
priate HIV care and treatment services. In Zambia,
immediate ART initiation is recommended for preg-
nant and breastfeeding women, with most pregnant
women receiving the first-line combination of tenofo-
vir disoproxil fumarate, emtricitabine, and efavirenz.
For participants who test positive for HIV, viral load is
measured at enrollment using a GeneXpert (Cepheid,
Sunnyvale, California, USA).

Participants who enroll in ZAPPS are provided rou-
tine antenatal care at enrollment and monthly thereafter
in line with Zambian guidelines. At delivery, research
nurses collect details regarding each participant’s labor
and delivery course, as well as maternal and neonatal
outcomes by either direct observation/record review at
the time of delivery, or at first contact with the partici-
pant postpartum [15, 16].

Study population

We performed a nested case—control study compar-
ing serum concentrations of VEGF-A, sEng, PIGF, and
SFLT-1 between cases and controls. Cases were defined
as participants with HIV at enrollment for whom a serum
sample collected before 16 gestational weeks was avail-
able. Because concentrations of these protein biomark-
ers are known to vary over the course of pregnancy [17],
controls were chosen from participants without HIV at
enrollment and matched on gestational age at sample
collection.

All ZAPPS participants provide individual written
informed consent before undergoing study procedures.
The University of Zambia Biomedical Research Ethics
Committee, the National Health Research Authority of
the Zambian Ministry of Health, and the University of
North Carolina at Chapel Hill Institutional Review Board
each approved the use of these clinical data and biologi-
cal specimens for research purposes.

Specimen collection

As part of the ZAPPS protocol, maternal serum sam-
ples are collected at the enrollment visit. Specimens are
transferred from the study clinic to the UNC GPZ on-site
research laboratory within two hours of specimen collec-
tion. There, specimens are processed into 1 mL aliquots
and then transferred to -80 °C freezers. All serum sam-
ples used in this analysis were subjected to no more than
two freeze—thaw cycles.
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Assay procedures

Concentrations of VEGF-A, sEng, PIGF, and sFLT-1 were
measured in thawed serum using the Luminex MAG-
PIX analyzer (Merck, Darmstadt, Germany) with kits
purchased from R&D Biosystems (Minneapolis, MN;
catalogue # LXSAHM; Lot # L127927) at our laboratory
in Lusaka. VEGF-A was run separately from sEng, PIGF,
and sFLT-1 to avoid antibody cross-reactivity. Samples
were processed according to manufacturer instructions.
Serum was diluted in calibrator diluent at a 1:3 ratio. A
minimum of 50 microparticles were captured for each
analyte.

Statistical analysis

Descriptive statistics were collected as part of the ZAPPS
protocol at the first antenatal visit. We reported these
statistics for cases and controls as n (%) and median
(interquartile range). We used Wilcoxon rank sum test to
compare continuous variables and the x> test to compare
categorical variables between cases and gestational age-
matched controls.

Biomarker concentrations were reported as medians
and interquartile ranges (IQR) for cases and controls. In
unadjusted analysis, we used the non-parametric Wil-
coxon rank-sum test to assess differences in biomarker
concentration between cases and controls. In adjusted
analysis, we constructed a linear regression model for
each biomarker using log-transformed biomarker con-
centration as the dependent variable and HIV status as
the independent variable, adjusting for potential con-
founders based on our demographic data and variables
that have the potential to be confounding based on
reports in the literature. The PIGF/sFLT-1 ratio has been
cited as a useful predictor of placental dysfunction [18].
To see if this ratio differed among cases and controls we
build a linear regression model with log-transformed
PIGF/sFLT-1 as the dependent variable and HIV status as
the independent variable. We also conducted an adjusted
analysis, adjusting for potential confounders as described
above.

Among participants with HIV, we conducted unad-
justed analyses to quantify the association of angiogenic
biomarker concentration by viral load (i.e., detectable vs.
undetectable) at enrollment and by timing of ART initia-
tion (preconceptional vs. not preconceptional). For these
analyses we used the Wilcoxon rank-sum non-parametric
test of association.

We built unadjusted and adjusted logistic regression
models to investigate the relationship between biomarker
concentration and adverse outcomes in our cohort.
Preeclampsia was defined as both elevated blood pres-
sure (> 140 mmHg systolic or > 90 mmHg diastolic) and
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proteinuria (>2 protein on urine dipstick). PTB was
defined as delivery between 16 and 36 °/, gestational
weeks. The lower limit of 16 weeks was chosen based on
evidence that the mechanisms underlying preterm birth
at 16 weeks do not substantially differ from the mecha-
nisms underlying preterm birth after 20 weeks [19, 20].
Among participants who experienced a PTB in this
nested study, the median gestational age at delivery was
31.9 weeks (IQR 20.6 — 35.3 weeks). As angiogenic imbal-
ance could contribute to both spontaneous (e.g., sponta-
neous labor onset in the setting of placental abruption)
and provider-initiated preterm birth phenotypes (e.g.,
induction of labor for preeclampsia), we did not differ-
entiate between spontaneous PTB and provider-initiated
PTB in case selection. We used small-for-gestational
age infant (SGA) as a proxy for FGR and defined SGA as
birth weight below the 10" percentile for gestational age
based on INTERGROW TH-21% standards [21]. Stillbirth
was defined as infants born beyond 16 weeks gestational
age without signs of life. Finally, we also evaluated a com-
posite adverse birth outcome of PTB and/or stillbirth at
any gestational age. In adjusted analysis, we adjusted for
potential confounders based on our demographic data
and variables that have the potential to be confound-
ing based on prior reports. In all cases, biomarkers were
converted to deciles before inclusion as the independent
variable in the logistic regression model so that the odds
ratio represents the odds of the adverse event of inter-
est associated with a one decile increase in biomarker
concentration.

The sample size for this study was driven by the avail-
ability of eligible samples in the Lusaka biorepository.
All samples that met the eligibility criteria for cases (col-
lected from women with HIV at the appropriate gesta-
tional age) were included in the study. These cases were
matched based on gestational age with controls at a ratio
of 1 case to 1 control. All statistical analyses were per-
formed using STATA (version 15.1; StataCorp LP, College
Station, TX). Statistical significance was set at a threshold
of p<0.05.

Results

Study population

Between August 2015 and September 2017, 1450 partici-
pants were enrolled in ZAPPS. This cohort included 722
(49.8%) women who enrolled prior to 16 weeks gesta-
tional age, the target population for this research (Fig. 1).
Of those 722 women, 148 had HIV. Of those, 91 partici-
pants did not have a sample available, either because the
sample had been used for other testing or because the
sample had been shipped to our sister laboratory at the
University of North Carolina at Chapel Hill. We analyzed
all 57 cases with eligible samples remaining in Lusaka
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Fig. 1 Sample inclusion criteria flowchart. This flowchart describes the criteria used to select the subset of ZAPPS specimens that were included in

and selected 57 gestational age-matched controls among
uninfected women with eligible serum samples avail-
able. The demographic variables of the subset of partici-
pants included in this study were compared to the overall
ZAPPS cohort and were not found to differ substantially
(Additional file 1).

Baseline characteristics

Participants with HIV were modestly older (median age:
29 vs. 27 years, p=0.2) and had higher parity (median
prior deliveries: 2 vs. 1, p=0.001) than participants with-
out HIV (Table 1). Participants with HIV had modestly
lower BMI's (median BMI: 23.87 vs 25.83 kg/m?p=0.2).
The frequencies of prior PTB and prior stillbirth were
modestly higher among participants with HIV (p=0.09
and p=0.2, respectively).

Association between HIV and angiogenic biomarkers
VEGF-A concentrations were below the limit of detect-
ability of the Luminex assay in all samples, a limitation
previously observed in other antenatal cohorts, which
may be the result of increased circulation of VEGF-A
binding proteins like sFLT-1 during pregnancy [5, 22].
Since the concentrations of sEng, PIGF, and sFLT-1 were
not normally distributed, the non-parametric Wilcoxon
rank-sum test was used to test for differences between
cases and controls in unadjusted analysis.

sEng concentration was similar between cases with
HIV (median 2055.4 pg/mL, IQR: 1340.7 — 3026.5) and
controls without HIV (median 2061.5 pg/mL, IQR:
1306.4 — 3100.3; p=0.96). PIGF concentration was lower
among women with HIV (median 7.6 pg/mL, IQR: 5.1 —
13.2) than those without HIV (median 10.2 pg/mL, IQR:
7.9 - 14.9; p=0.02) (Fig. 2). sFLT-1 concentration was

also lower in cases (median 1647.9 pg/mL, IQR: 1140.4
— 2641.8) than in controls (median 2055.6 pg/mL, IQR:
1619.7 — 2735.2; p=10.04).

We constructed linear regression models of the asso-
ciation between each log-transformed biomarker, the
log-transformed ratio of PIGF/sFLT-1 which has been
proposed as an early marker of placental dysfunction
[18], and maternal HIV serostatus. We adjusted this
model for maternal BMI based on previous reports that
elevated BMI is associated with increased concentrations
of angiogenic factors [23]. We also adjusted for parity to
account for the difference in parity observed between
cases and controls. In this analysis, we found concentra-
tions of PIGF and sFLT-1 were not independently associ-
ated with HIV (Table 2).

Of the 57 cases included in this sub-study, 19 (33.3%)
had a detectable viral load at enrollment. Detectable viral
load at enrollment was not associated with differences in
biomarker concentrations in unadjusted analyses (Addi-
tional file 2). Similarly, biomarker concentrations did not
differ between the 40 (70.2%) women with HIV who had
initiated ART prior to conception compared to the 17
(29.8%) who had not (Additional file 3).

Angiogenic biomarkers and adverse outcomes

Thirty participants (21 cases, 9 controls) in this study
experienced an adverse outcome. The proportions of
adverse outcomes across cases and controls were as fol-
lows: 4 preeclampsia (2 cases, 2 controls), 11 PTB (9
cases, 2 controls), 17 SGA (12 cases, 5 controls), 5 still-
birth (5 cases, 0 controls), 12 composite adverse birth
outcome (10 cases, 2 controls). In unadjusted analy-
sis using logistic regression, participants who expe-
rienced a PTB had lower concentrations of PIGF than
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Table 1 Baseline characteristics

Characteristic N HIV- N HIV+ p-value*

% or % or
Median (IQR) Median (IQR)

Age, years 53 27 (24—31) 57 29 (24—34) 0.20
<20 2 377 2 3.51 0.95
20-34 42 79.25 44 7719
>35 16.98 11 19.30
Missing 4 0

Marital status >0.99
Not married and not cohabiting 6 10.53 6 10.53
Married or cohabiting 51 8947 51 8947
Missing 0 0

BMI, kg/m2 56 25.83(21.09—29.57) 55 23.87 (21.45—28.32) 0.20
<185 3 536 5 9.09 0.64
185—30.0 40 7143 40 72.73
>30 13 23.21 10 18.18

Missing 1 2

Gestational age at specimen collection, weeks 57 12.71(10.71—14.86) 57 12.57 (10.43—14.86) 0.90
<14, weeks 36 63.16 36 63.16 1.00
>14 21 36.84 21 36.84

Parity 57 1(0—2) 57 2(1—3) >0.01

Nulliparous 23 40.35 5 8.77 >0.01

Parous 34 59.65 52 9123

Prior PTB among parous, n =86
no prior PTB 14 41.18 31 59.62 0.09
> 1 prior PTB 20 58.82 21 40.38

Prior stillbirth among parous, n=86
no prior SB 24 72.73 41 8542 0.20
> 1 prior SB 9 27.27 7 14.58

Missing 1 4

Blood pressure at enrollment
Normotensive 53 94.64 52 92.86 0.70
Hypertensive 3 536 4 7.4
Missing 1 1

Syphilis at enrollment
Non-reactive 53 94.64 49 87.50 0.20
Reactive 3 5.36 7 12.50
Missing 1 1

Hemoglobin at enrollment, mg/dL 47 12 (12—13) 45 12(11—13) 0.50
>11 45 95.74 38 84.44 0.07
<1 2 4.26 7 15.56
Missing 10 12

Malaria at enrollment
Negative 41 100.00 49 98.00 040
Positive 0 0.00 1 2.00
Missing 16 7

Urinalysis at enroliment
Normal 52 92.86 51 8947 0.50
Abnormal® 4 7.4 6 10.53
Missing 1 0

" p-value calculated using Wilcoxon ranksum test for continuous variables and chi-square for categorical variables

2 Defined as 1+ leukocyte esterase and/or + nitrates
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Fig. 2 Concentrations of A) sEng B) PIGF and C) sFLT-1 in 57 controls and 57 cases, analyzed using Luminex assays. The threshold for statistical

participants who delivered at term (0.71, 95% CI: 0.54
— 0.93; p=0.01) (Table 3). PIGF concentrations were
also lower among participants with a stillbirth com-
pared to participants who delivered a liveborn infant
(0.64, 95% CIL: 0.41 — 1.01; p=0.05), and participants
with the composite adverse outcome variable compared
to women who delivered a liveborn infant at term (0.68,
95% CI: 0.52 — 0.90; p=0.01). Participants who expe-
rienced the composite adverse birth outcome also had
lower concentrations of SFLT-1 compared to those who
delivered a liveborn infant at term (0.78, 95% CI: 0.61 —
0.99; p=0.04). sEng concentration was not associated
with any adverse outcomes.

In adjusted analysis using logistic regression, lower
PIGF concentrations were associated with participants
who experienced a PTB compared to those who deliv-
ered at term, adjusting for HIV status, BMI, and parity
(0.73; 95% CI: 0.55 — 0.97; p =0.03). Similarly, lower PIGF
was associated with women who experienced either a
preterm birth or stillbirth compared to those who deliv-
ered a liveborn infant at term (0.70; 95% CI: 0.53 — 0.93;
p=0.02). Concentrations of sFLT-1 were not associated
with the composite adverse birth outcome in adjusted
analysis. In all cases, odds radios should be interpreted as

the odds of an adverse event associated with a one decile
increase in biomarker concentration.

Discussion

In this nested case—control study, we found that HIV
was associated with significantly lower PIGF and sFLT-
1, but these findings were not confirmed in adjusted
analysis. This preliminary finding supports the hypoth-
esis that HIV infection disrupts the VEGF signaling
pathway that regulates angiogenesis and vasculogenesis
during placental development. VEGF-A, sEng, PIGE,
and sFLT-1 help regulate the vascularization of the pla-
centa either as promoters of angiogenesis (VEGF-A and
PIGF) or antagonists (sFLT-1 and sEng). Imbalances in
these biomarkers during pregnancy cause alterations
in placental vascularization, jeopardizing blood flow
to the developing fetus and leading to PTB, FGR, and
stillbirth [24]. This hypothesis aligns with reports in
the literature that HIV is associated with dysregulated
placental development. In particular, one study com-
paring placentas collected from 120 women with HIV
and 103 women without HIV found that HIV was asso-
ciated with increased incidence of maternal vascular
malperfusion [4]. Another study found that in placentas

Table 2 Association between angiogenic biomarker concentrations among 57 participants with HIV compared to 57 without HIV

(n=57) in ZAPPS

HIV- HIV + B 95% Cl p-value  B* 95% CI* p-value*
Median (IQR) Median (IQR)
sEng 2061.51 2055.37 (1340.71 - 3026.46)  0.002  -0.22—0.22 0.99 0.01 -0.23—0.26 0.92
(1306.36 — 3100.25)
PIGF 10.24 (791 - 14.87) 763 (5.07 - 13.15) -0.23 -0.46—0.00 0.06 -0.20 -0.46—0.05 0.12
SFLT-1 205563 (1619.70 - 2735.15)  1647.88 (114042 - 2641.84) -0.22 -045—0.00  0.05 -006  -030—0.18 063
PIGF/sFLT-1 0.005 (0.003 - 0.009) 0.005 (0.003 - 0.008) -0.004  -030-0.29 0.98 -0.14 -047-0.18 038

B, 95% Cl, and p-values calculated by linear regression of log-transformed biomarker concentration, pg/mL

" adjusted for maternal BMI and parity
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Table 3 Associations between adverse outcomes and biomarker
concentrations

Odds Ratio¥f 95% Cl adjusted
Odds

Ratio#A

adjusted 95% CIA

Preeclampsia (n =4, missing =>59)

sEng 1.02 071-145 1.06 0.70 - 1.60
PIGF 1.00 068-145 102 0.68-1.53
sFLT-1 1.20 081-177 133 0.86 - 2.05
Preterm Birth (n=11, missing=17)

sEng 0.96 0.77-119 1.00 0.79-1.27
PIGF 0.71 054-093 073 0.55-097
sFLT-1  0.81 064-103 089 0.69-1.15
SGA (n=17, missing = 24)

sEng 1.04 087-126 099 0.80-1.22
PIGF 1.05 087-126 1.05 0.86-1.29
sFLT-1 - 0.87 072-105 092 074-1.14
Stillbirth (n=5, missing=19)

skng 087 063-120 093 0.64-136
PIGF 0.64 041-1.01 071 044-1.13
sFLT-1 066 043-1.02 0.78 049-124
Adverse Birth Outcome* (n=12, missing=19)

sEng 0.92 0.75-1.14 096 0.76 -1.21
PIGF 0.68 052-090 070 0.53-093
sFLT-1 078 061-099 0.86 067-1.12

$Coefficient is for one decile increase in the analyte

*Adverse birth outcome is a combined variable including stillbirth and
gestational age of <37 weeks at delivery

AAdjusted for maternal BMI at enrollment, parity, and HIV status

collected from 38 women with HIV who experienced a
preterm birth and 43 women without HIV who experi-
enced a preterm birth, HIV was associated with throm-
bosis, infarction, anomalies in cord insertion, and
hypervascularization [3]. It is noteworthy that in both
studies, the women with HIV were also being treated
with ART, thus the effects of HIV and ART cannot be
decoupled. We did not detect differences in biomarker
concentration between participants who received ART
preconceptionally and those who did not, but our sam-
ple size for this analysis was small and vulnerable to
Type II error. Additional studies are needed to confirm
the results of this preliminary data and to better under-
stand the relationship between ART, HIV, and VEGF
signaling. This information could provide insights for
future therapies to address the increased risk of adverse
birth outcomes in women with HIV.

In this study, lower concentrations of PIGF were associ-
ated with preterm birth and the composite adverse birth
outcome. Lower sFLT-1 concentrations were associated
with the composite adverse birth outcome in unadjusted
but not in adjusted analysis. We found no association
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between HIV and sEng concentration, nor between sEng
and any adverse birth outcomes. Our findings align with
reports in other populations that low PIGF and sFLT-1
concentrations are associated with adverse birth out-
comes. In a UK study of 981 asymptomatic pregnant
women, both PIGF and sFLT-1 levels were reduced in
women who experienced a miscarriage [10]. Another
study of 1876 women participating in a prospective
cohort study of Down syndrome screening found that
higher levels of sFLT-1 were associated with reduced
risk of spontaneous PTB and stillbirth [12]. Similarly, in
a study of 389 pregnant women with HIV participating
in a trial of protease inhibitor vs non-nucleoside reverse
transcriptase inhibitor-based ART in Uganda, lower
PIGF concentrations were associated with stillbirth. [5]
Although our study found no association between sEng
concentration and adverse outcomes, others have found
that elevated sEng is associated with miscarriage [10],
PTB, and stillbirth in women with HIV [5]. Notably, both
these findings were derived from longitudinal measure-
ments of sEng throughout pregnancy. It is possible that
an association between sEng and adverse outcomes could
be observed in our population at later timepoints. We
did not observe any association between preeclampsia
and sEng, PIGF, or sFLT-1, but others have observed that
the PIGF/sFLT-1 ratio could be a useful early predictor
of preeclampsia [25]. However, a recent study investigat-
ing PIGF and sFLT-1 concentrations in normotensive and
preeclamptic women with and without HIV in late preg-
nancy found that preeclampsia was not associated with
a lower PIGF/sFLT-1 ratio in women with HIV [6]. One
limitation of this study was the large amount of missing-
ness in the preeclampsia outcome, making it difficult to
draw conclusions based on this data. Further studies spe-
cifically focused on HIV and preeclampsia could provide
better insights into this relationship.

The key strength of this study was the ability to directly
compare biomarker concentrations in women with and
without HIV in early pregnancy. Others have noted the
need for this comparison to determine the effects of HIV
infection on angiogenic imbalance and dysregulated
placental development [5]. Additionally, all ZAPPS par-
ticipants received early ultrasound biometry, allowing for
more accurate gestational age estimation than in cohorts
that rely on last menstrual period, fundal height, or infant
exam [26].

The authors acknowledge that this study had several
limitations. The sample size was limited by specimen
availability and larger studies are needed to confirm
these results. Additionally, limited power may have
contributed to the lack of effect observed in adjusted
analysis. This analysis was limited to a single timepoint
in early pregnancy and longitudinal analysis could



Smithmyer et al. BMC Pregnancy Childbirth (2021) 21:534

provide more insight into the relationship between HIV
and these biomarkers over time. The authors acknowl-
edge that the preterm birth outcome included both
spontaneous preterm birth and provider initiated pre-
term birth, which could both be affected by angiogenic
imbalance but would likely have different underly-
ing mechanisms. A larger sample size would allow for
these two outcomes to be assessed individually. Finally,
this study was limited to Zambian women living in the
Lusaka urban area and may not be generalizable to
other populations.

Conclusions

This study found preliminary evidence that pregnant
women with HIV may have lower levels of circulating
PIGF and sFLT-1 in early pregnancy compared to women
without HIV, although our findings were not conclusive
in adjusted analyses. We confirmed previous findings
that lower concentrations of PIGF are associated with an
increased prevalence of preterm birth and the composite
adverse birth outcome (preterm birth or stillbirth) in our
population. Future studies with a larger sample size are
needed to confirm the association or lack of association
between HIV and dysregulated angiogenesis. Further
insights into the mechanism by which HIV increases the
risk of adverse outcomes could aid in the development of
therapeutics to address this risk and improve outcomes
for millions of women living with HIV.
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