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Baoquan Zhang, Xiujuan Chen, Changyi Yang, Huiying Shi, and Wenlong Xiu

Neonatology Department, Fujian Maternity and Child Health Hospital, College of Clinical Medicine for Obstetrics & Gynecology and

Pediatrics, Fujian Medical University, Fuzhou, China

ABSTRACT

Objective: This study was designed to investigate the effects of hypertensive disorders of
pregnancy (HDP) on the complications in very low birth weight (VLBW) neonates.

Methods: We retrospectively included VLBW neonates (<37 weeks) who were delivered by HDP
pregnant women with a body weight of <1,500g (HDP group) hospitalized in our hospital
between January 2016 and July 2021. Gestational age matched VLBW neonates delivered by
pregnant women with a normal blood pressure, with a proportion of 1:1 to the HDP group in
number, served as normal control.

Results: Then we compared the peripartum data and major complications between HDP group
and control. The body weight, prelabor rupture of membrane (PROM), maternal age, cesarean
section rate, fetal distress, small for gestational age (SGA), mechanical ventilation, RDS, necrotizing
enterocolitis (NEC) (=2 stage), Apgar score at 1 min, and mortality in HDP group showed statistical
differences compared with those of the control (all p < 0.05). To compare the major complications
among HDP subgroups, we classified the VLBW neonates of the HDP group into three subgroups
including gestational hypertension group (n=72), pre-eclampsia (PE) group (n=222), and
eclampsia group (n = 14), which showed significant differences in the fetal distress, Apgar score
at 1min, SGA, ventilation, RDS and NEC (=2 stage) among these subgroups (all p < 0.05).
Multivariate regression analysis showed that eclampsia and PE were the independent risk factors
for SGA and NEC, respectively.

Conclusion: HDP was associated with increased incidence of neonatal asphyxia, fatal distress,
SGA, mechanical ventilation, RDS, NEC and mortality. Besides, eclampsia and PE were independent
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risk factors for SGA and NEC.

Introduction

Hypertensive disorders of pregnancy (HDP), consisting
of gestational hypertension, preeclampsia (PE) and
eclampsia, and chronic hypertension with superim-
posed PE, are the most significant and intriguing pro-
blems in obstetrics (1), with a prevalence of 3%-5%
among pregnant women worldwide. In developing
countries, its prevalence is up to 15%, causing
a mortality of 5~15% (2,3). Besides, HDPs are the
leading risk factors for preterm birth (4). Therefore, it
is a challenge for the health conditions of pregnant

women and neonates.
Nowadays, the major maternal morbidities asso-

ciated with HDP, in particular PE, include retinal
detachment, cerebrovascular events, organ injury or
even organ failure, as well as eclamptic seizures (5).
Additionally, pregnancies complicated by HDP are
associated with increased risk of stillbirth, low birth

weight, fetal growth restriction, early neonatal death,
placental abruption, neonatal asphyxia (6-8), as well as
neonatal complications such as neonatal necrotizing
enterocolitis (NEC) (9,10).

Very low birth weight (VLBW) serves as an
important factor for child survival and long-term
consequences such as non-communicable diseases.
It has been accepted that addressing the factors
associated with VLBW may reduce the mortality or
morbidity. This leads us to investigate the potential
relationship between HDP and the VLBW. This
study was designed to understand the causes of the
maternal and neonatal complications in VLBW neo-
nates in HDP and normotensive pregnancies, with
an aim to inform the future management strategies.
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VLBW neonates (< 37 weeks, <1,500
g) hospitalized in our hospital
between January 2016 and July 2021

Control (n=308, delivered
by pregnant women with a
normal blood pressure)

HDP group
(n=308, delivered by
HDP pregnant women)

Sub-group
analysis

Comparison of perinatal data;
Comparison of major
complications

Figure 1. Study flowchart.

Table 1. Diagnostic criteria for pregnancy-associated hypertension.

Gestational hypertension group |——

| Preeclampsia group I

Eclampsia group [—————

Univariate and multivariate
regression analyses to screen the
risk factors for complications

Condition

Criteria Required

Gestational hypertension
Preeclampsia- « > 300mg/24 h, or
Hypertension and: « Protein: Cr ratio = 0.3 or
Proteinuria - Dipstick 1+ persistent®
Thrombocytopenia or

Renal insufficiency « Platelets < 100,000/uL
Liver involvement
Cerebral symptoms
Pulmonary edema
Eclampsia

- Serum transaminase levels® twice normal
- Headache, visual disturbances, convulsions-

may appear before, during, or after labor.

« Creatinine >1.1 mg/dL or doubling of baseline®

BP > 140/90 mmHg after 20 weeks in previously normotensive women

« In a woman with preeclampsia, a convulsion that cannot be attributed to another cause. The seizures are generalized and

*Recommended only if sole available test; > No prior renal disease; “AST (aspartate aminotransferase) or ALT (alanine aminotransferase).

Materials and methods
Subjects

VLBW neonates (age <37 weeks; less than 1,500 g)
who were delivered by HDP mothers (designated as
HDP group) hospitalized in our hospital from
January 2016 to July 2021 were included in this
retrospective analysis (Figure 1). The diagnostic cri-
teria for gestational hypertension, preeclampsia (PE)
and eclampsia were given in Table 1 based on the
Williams Obstetrics  (24™  Edition) (11). We
excluded neonates with chromosomal abnormalities,
severe congenital malformations and/or genetic
metabolic diseases. Gestational age matched VLBW
neonates delivered by pregnant women with
a normal blood pressure, with a ratio of 1:1 in
number to the HDP group, served as control
group. Written informed consent was obtained
from the parents or guardians. The research related
to human use has been complied with all the rele-
vant national regulations, institutional policies and
in accordance the tenets of the Helsinki Declaration.
The study protocols were approved by the Ethical

Committee of Fujian Maternal and Child Health
Hospital (No.: 2017-502).

Data collection

The following data were collected from HDP group and
control group: (i) maternal information: parity, number
of fetus, blood pressure, utilization of antihypertensive
drugs, premature rupture of fetal membrane (PROM),
pregnancy complications, prenatal dexamethasone
usage, delivery mode, as well as postpartum complica-
tions; (ii) neonatal information: gestational age, sex,
birth weight, Apgar score at 1 min, small for gestational
age (SGA), birth asphyxia, mechanical ventilation, neo-
natal respiratory distress syndrome (RDS), NEC, neo-
natal bronchopulmonary dysplasia (BPD), retinopathy
of prematurity (ROP), and intraventricular hemorrhage
(12); and (iii) neonatal death: death due to poor or even
no responses to treatment, or critical illness. The Apgar
score at 1 min was utilized to evaluate the effects of
HDP on the neonatal conditions as previously
described (12,13).



Univariate and multivariate regression analysis

To investigate the potential relationship between
maternal HDP and neonatal complications, the VLBW
neonates were classified into three subgroups according
to the maternal HDP status, including gestational
hypertension, PE, and eclampsia subgroups. Then we
analyzed the variables in the three subgroups in the
univariate regression analysis, and variables with a p
value of less than 0.05 were subject to multivariate
regression analysis to identify the independent risk
factors for the VLBW.

Statistical analysis

Measurement data that were normally distributed were
expressed as mean + standard deviation. Inter-group
differences were compared by two independent samples
t-test or one-way analysis of variance (ANOVA).
Enumeration data were described by frequency and
percentage, and the differences between groups were
compared by Chi square test. Multivariate logistic
regression following univariate regression analysis was
utilized to analyze the independent risk factors of major
complications in HDP subgroups. SPSS 20.0 software
was used for data analysis. A p value of less than 0.05
was statistically significant.

Results

Comparison of general information between HDP
group and control group

There were statistical differences in the body weight,
the prevalence of PROM, maternal age, birth weight,
and cesarean section rate between HDP group and
control group (all p <0.01). No differences were noticed
between the two groups in the male infant percentage,
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gestational age, in vitro fertilization-embryo transfer,
primiparity, singleton pregnancy, prenatal dexametha-
sone, gestational diabetes mellitus (GDM), placental
abruption and previa (all p > 0.05, Table 2).

Comparison of major complications between HDP
group and control group

The incidence of fetal distress, SGA, mechanical venti-
lation, RDS, NEC (=2 stage), Apgar score at 1 min, and
mortality in HDP group showed statistical differences
compared with those of the control (all p<0.01,
Table 3). There were no statistical differences in the
BPD, ROP, intraventricular hemorrhage (IVH), peri-
ventricular leukomalacia (PVL), persistent pulmonary
hypertension of the newborn (PPHN), cholestasis and
sepsis between the two groups (all p > 0.05).

Comparison of major complications among the
HDP subgroups

In this section, we classified the VLBW neonates of the
HDP group into three subgroups including gestational
hypertension group (n=72), PE group (n=222), and
eclampsia group (n =14). There were significant differ-
ences in the fetal distress, Apgar score at 1 min, SGA,
mechanical ventilation, RDS and NEC (=2 stage)
among these three subgroups (all p <0.05). No statisti-
cal difference was seen in the mortality among these
subgroups (p > 0.05, Table 4).

Multivariate regression analysis on the preterm
infant major complications

Multivariate regression analysis was performed after
adjusting the gestational age, birth weight, sex,

Table 2. Comparison of general information between HDP group and control group.

Variables HDP group (n=308) Control (n=308) t/)(2 P value
Male neonates 148 (48%) 151 (49%) 0.058 0.809
Gestational age, weeks 30.8+2.2 30.7 £ 2.1 0.781 0.435
Birth weight, g 1185.5+£217.2 1286.7 £177.2 6.331 p <0.001
Maternal age, yrs 31.5+58 29.7+46 4.389 p <0.001
In vitro fertilization-embryo transfer 41 (13.3%) 50 (16.2%) 1.044 0.307
Primiparity 99 (32.1%) 105 (34.1%) 0.264 0.607
Prenatal dexamethasone 279 (90.6%) 283 (91.9%) 0.325 0.569
Neonates delivered by GDM mother 79 (25.6%) 72 (23.4%) 0.430 0.512
PROM 43 (14.0%) 128 (41.6%) 58.487 p <0.001
Caesarean section 241 (78.2%) 161 (52.3%) 45,827 p <0.001
Placental abruption 44 (14.3%) 53 (17.2%) 0.991 0319
Placenta previa 8 (2.6%) 14 (4.5%) 1.697 0.193

HDP, hypertensive disorders of pregnancy; GDM, gestational diabetes mellitus; PROM, premature rupture of fetal membrane. HDP group:
VLBW neonates (age <37 weeks; birth weight < 1,500 g) delivered by HDP pregnant women. Control group: VLBW neonates delivered by
pregnant women showing a normal blood pressure with matched gestational age.
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Table 3. Comparison of major complications in HDP group and control.

Condition HDP group (n=308) Control (n=308) t/)(2 P value
Fetal distress 127 (41.2%) 74 (24%) 20.744 <0.001
Apgar score at 1 min 83+22 8 9+18 -3.212 0.001
SGA 152 (49.4%) 1 (26.3%) 28.161 <0.001
Mechanical ventilation 3 (23.7%) 1 (16.6%) 4.887 0.027
RDS 7 (31.5%) 8 (22.1%) 6.962 0.008
Sepsis 66 (21.4%) 9 (15.9%) 3.090 0.079
BPD 1(10.1%) 2 (10.4%) 0.894 1.000
ROP 8 (12.4%) 26 (8.4%) 2511 0.113
NEC, >2 stage 24 (7.8%) 11 (3.6%) 5.119 0.024
IVH 78 (25.3%) 86 (27.9%) 1.536 0.215
PVH 4 (1.3%) 3 (0.97%) 0.000 1.000
PPHN 0 (0%) 1 (0.3%) / 1.000
Cholestasis 17 (5.5%) 11 (3.6%) 1.347 0.246
Death or predicted death 47 (15.3%) 28 (9.1%) 5.481 0.019

SGA, small for gestational age; RDS, respiratory distress syndrome; BPD, bronchopulmonary dysplasia; ROP, retinopathy of
prematurity; IVH, intraventricular hemorrhage; PVL, periventricular leukomalacia; PPHN, Persistent pulmonary hypertension in
the newborn. HDP group: VLBW neonates (age <37 weeks; birth weight < 1,500 g) delivered by HDP pregnant women. Control
group: VLBW neonates delivered by pregnant women showing a normal blood pressure with matched gestational age.

Table 4. Comparison of major complications among the gestational hypertension group, PE group and eclampsia group.

Condition Gestational hypertension (n=72) Pre-eclampsia (n =222) Eclampsia (n=14) F/x? P value
Fetal distress 1 (15.3%) 109 (49.1%) 7 (50%) 26.130 <0.001
Apgar score at 1 min 84+20 84+2.1 6.4+3.1 5.694 0.004
SGA 16 (22.2%) 128 (57.7%) 8 (57.1%) 27.668 <0.001
Mechanical ventilation 0 (27.8%) 46 (20.7%) 7 (50%) 7.107 0.029
RDS 15 (20.8%) 74 (33.3%) 8 (57.1%) 8410 0.015
NEC, >2 stage 2 (2.8%) 19 (8.6%) 3 (21.4%) 6.324 0.042
Death 0 (13.8%) 33 (14.8%) 4 (28.6%) 2.050 0.359

SGA, small for gestational age; RDS, respiratory distress syndrome; NEC, neonatal necrotizing enterocolitis; HDP, hypertensive disease of pregnancy.

Table 5. Multi-variate regression analysis of major complications between the HDP subgroups.

Gestational hypertension group PE group Eclampsia group
Variables OR 95% Cl P value OR 95% Cl P value OR 95% Cl P value
Fetal distress 0.5 0.220-1.134 0.097 0.729 0.432-1.230 0.236 1.41 0.306-6.489 0.659
Prenatal asphyxia 1.581 0.809-3.089 0.181 0.863 0.492-1.516 0.609 2.192 0.655-7.340 0.203
SGA 0.797 0.432-1.471 0.468 4123 2.783-6.109 0.000 3.804 1.239-11.681 0.02
Mechanical ventilation 1.214 0.602-2.449 0.588 0.89 0.487-1.626 0.704 1.472 0.426-5.093 0.541
RDS 0.49 0.240-0.099 0.055 1.454 0.879-2.406 0.145 2.578 0.769-8.468 0.125
NEC, =2 stage 0.72 0.156-3.318 0.673 2.493 1.161-5.351 0.019 7.264 1.771-29.797 0.006
Death or predicted death 0.902 0.384-2.122 0.814 117 0.580-2.360 0.661 1.497 0.370-6.063 0.572

SGA, small for gestational age; RDS, respiratory distress syndrome; NEC, neonatal necrotizing enterocolitis; PE, pre-eclampsia; OR, odds ratio.

delivery mode, placental abruption, placenta previa,
prenatal dexamethasone, GDM, neonatal asphyxia
and maternal age. Our data showed that PE was an
independent risk factor for SGA (OR=4.123, 95%
CI: 2.783-6.109) and NEC (OR=2.493, 95%CI:
1.161-5.351) in the VLBW neonates. Eclampsia
was an independent risk factor for SGA (OR=
3.804, 95%CI: 1.239-11.681) and NEC (OR =7.264,
95%CI: 1.771-29.797) among the VLBW neonates
(Table 5).

Discussion

The prevalence of HDP associated complications
shows gradual increase worldwide (2-4,14). To date,
more attention has been paid to the prevention and
management of HDP, as well as the short- and long-
term complications of preterm neonates. In perinatal
fields, the mortality and morbidity rates of preterm
neonates weighing less than 1,500 g are still high, and
the survival rate is still low. Treatment of VLBW
neonates is very important, which is also a topic



area in the perinatal fields. On this basis, we investi-
gated the effects of maternal gestational hypertension
on the VLBW neonates. In this study, we investigated
the effects of HDP on the complications in VLBW
neonates. We found that the HDP was associated
with increased incidence of fatal distress, neonatal
asphyxia, SGA, mechanical ventilation, hyaline mem-
brane disease, NEC and mortality. Besides, multivari-
ate regression analysis on the HDP subgroups
showed that eclampsia and PE were the independent
risk factors for SGA and NEC in VLBW neonates,
respectively.

According to the previous studies (6,15,16), HDP
patients presented shallow trophoblast invasion of the
uterine spiral artery and coexistence of decidua ves-
sels and intravascular trophoblast. Additionally, there
might be extensive changes in the uterine spiral
arteries such as vascular endothelial injury, insuffi-
cient protoplasm in vessel wall, endometrial cell pro-
liferation and lipid accumulation, which may finally
cause atherosclerosis (17). Atherosclerosis may cause
stenosis and atresia of uterine spiral artery, which
may result in decreased perfusion of placenta blood
flow and inadequate supply of fetal nutrition (18).
Eventually, it may cause intrauterine growth retarda-
tion, fetal growth restriction and SGA. In our study,
compared with the control group, the birth weight
was lower in HDP group, while the incidence of SGA
was higher in the HDP group. After adjusting gesta-
tional age and gender, multivariate regression analy-
sis indicated that PE and eclampsia were independent
risk factors for SGA. In addition, there was a positive
correlation between severity of HDP and the inci-
dence of SGA. The incidence of SGA in the PE
subgroup and eclampsia subgroup was significantly
higher than that of the gestational hypertension
subgroup.

HDP was closely associated with the increased risk
of neonatal NEC (10). Lee et al. demonstrated that
HDPs can trigger insufficient placental blood supply
that can lead to intrauterine hypoxia, which may result
in redistribution of fetal blood flow to ensure the sup-
ply of important organs (9). Therefore, the blood sup-
ply to the fetal brain, liver and other vital organs was
preferentially guaranteed (19), while the blood supply
to the intestinal tract and other secondary organs was
insufficient. This may affect intestinal development,
especially the formation of intestinal immune barriers.
Consequently, the neonates delivered by HDP pregnant
women show a high incidence of NEC. In this study,
after adjusting the gestational age and gender, multi-
variate regression analysis indicated that PE and
eclampsia were the independent risk factors for NEC.
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The incidence of NEC was the highest in the eclampsia
subgroup, followed by PE and gestational hypertension
subgroups.

The incidence of neonatal asphyxia, mechanical ven-
tilation, RDS, and mortality in the HDP group showed
statistical differences compared with that of control
group. However, after adjusting the gestational age,
birth weight and maternal factors, multivariate regres-
sion analysis indicated that HDP showed no significant
effects on these conditions. For the reasons, it may be
associated with the fact that more attention has been
paid to the HDP in clinical practice, especially the
pregnant women with PE. Thus, pregnant/fetal moni-
toring and active interference were recommended to
prevent the progression of PE (20,21). Our data indi-
cated that the majority of cases (90%) received hormo-
nal therapy to ensure the pulmonary development,
which could reduce the possibility of RDS induced by
preterm delivery. In addition, most HDP patients
underwent cesarean section in the HDP group, which
implied that effective monitoring and interferences
were given to the HDP pregnant women. For those
confirmed with HDP, termination of pregnancy was
given immediately, with an aim to reduce the possibi-
lities of risks after ongoing pregnancy.

There are some limitations in this study. First, this is
a single-centered retrospective study. Second, we did
not include the treatment data of the HDP group into
analysis. Third, the neonatal prognosis may be affected
by different treatment regimens, which is not consid-
ered in our analysis.

Conclusions

In summary, we investigated the effects of HDP on the
complications in VLBW neonates. HDP was associated
with increased incidence of neonatal asphyxia, fatal
distress, SGA, mechanical ventilation, RDS, NEC and
mortality. Besides, eclampsia and PE were independent
risk factors for SGA and NEC.
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