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ABSTRACT

Objective: To compare the maternal risk factors and early neonatal
outcomes in early-onset and late-onset preeclampsia.

Material and Methods: In our hospital, patients diagnosed with
preeclampsia were evaluated retrospectively. The patients were divided
into two groups as early onset preeclampsia (<34 weeks) and late onset
preeclampsia (>34 weeks). Statistical analyses were used to compare
demographic data, maternal risk factors and neonatal outcomes between
the two groups.

Results: Out of 92 patients, 45 (49%) were in the early onset preeclampsia
and 47 (51%) were in the late onset preeclampsia groups. Cesarean
delivery and intrauterine growth retardation (IUGR) rates were significantly
higher in the early onset preeclampsia group (p=0.01, p=0.025). High body
mass index was an independent risk factor for late onset preeclampsia in
the logistic regression analysis (p=0.012). Neonatal morbidities and
hospitalization rates in the neonatal intensive care unit (NICU) were
significantly higher in the early onset preeclampsia group (p<0.05,
p=0.005, respectively). In addition, in the logistic regression analysis, it
was found that early onset preeclampsia significantly increased the risks
of IUGR (OR 2.96; 95% CL: 1.12-7.81), being small for gestational age (OR
2.5; 95% CL: 1.05-5.95), respiratory distress syndrome (OR 15.35; 95% CL:
3.06-76.99), patent ductus arteriosus (OR 11.43; 95% CL: 1.36-96.16) and
hospitalization in the NICU (OR 2.48; 95% CL: 1.06-5.77).

Conclusion: Early-onset preeclampsia was found to be an important risk
factor for adverse neonatal outcomes while high body mass index during
pregnancy was associated with late-onset preeclampsia.

Keywords: Early-onset, late-onset, preeclampsia, risk factors, neonatal
outcomes
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Amag: Erken baslangich ve geg baglangigh preeklampside maternal risk
faktorleri ve erken dénem neonatal sonuglarin karsilastiriimasi.

Gerec ve Yontem: Hastanemizde preeklampsi tanisi almis hastalar retros-
pektif olarak degerlendirildi. Hastalar erken baslangigli preeklampsi (<34
hafta) ve gec¢ baslangicli preeklampsi (>34 hafta) olmak tzere 2 gruba
ayrildi. iki grup arasinda demografik data, maternal risk faktérleri ve
neonatal sonuglari karsilastirmak igin istatistiksel analiz yapildi.

Bulgular: Preeklampsi tanisi alan 92 hastanin, 45 (%49)’i erken baslangig-
It preeklampsi ve 47 (%51)’si geg baslangigli preeklampsi idi. Erken baslan-
gich preeklampsi grubunda, sezaryen dogum ve intrauterin biylime
kisithihg (IUBK) oranlari anlamli sekilde daha yiiksek bulundu (p=0.01,
p=0.025). Lojistik regresyon analizinde, gebelikte yiksek vicut kitle
indeksinin ge¢ baslangigh preeklampsi icin bagimsiz bir risk faktéri oldu-
gu saptandi (p=0.012). Erken baslangigh preeklampsi grubunda, neonatal
morbidite ve yenidogan yogun bakim iinitesine (YDYBU) yatis oranlari
anlamli sekilde daha yuksek bulundu (p<0.05, p=0.005, sirasiyla). Bunun
yaninda, lojistik regresyon analizinde erken baslangigh preeklampsinin,
iUBK (OR 2.96; 95% CL: 1.12-7.81), SGA (OR 2.5; 95% CL: 1.05-5.95),
respiratuar distres sendromu (OR 15.34; 95% CL: 3.06-76.99), patent
duktus arteriosus (OR 11.43; 95% CL: 1.36-96.16) ve YDYBU’ne yatis (OR
2.48; 95% CL: 1.06-5.77) riskini anlamli sekilde artirdigi saptandi.

Sonug: Calismamizda, erken baslangigli preeklampsi, olumsuz neonatal
sonuglar igin énemli bir risk faktoru olarak bulunurken, gebelikte ylksek
viicut kitle indeksi ge¢ baslangigh preeklampsi ile iligkili bulundu.

Anahtar Kelimeler: Erken baslangig, gec baslangic, preeklampsi, risk fak-
torleri, neonatal sonuglar
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INTRODUCTION

Preeclampsia is a pregnancy-related multisystemic disorder
seen after the 20" week of pregnancy characterized by high
blood pressure and proteinuria (1, 2). Preeclampsia affects
3-5% of pregnancies worldwide and is the primary cause of
maternal-fetal and neonatal mortality (3). If the symptoms
of the disease are seen before the 34" week of pregnancy,
it is called early-onset preeclampsia (EOP); if manifestations
present on or after the 34" week of pregnancy, it is called
late-onset preeclampsia (LOP) (2). Early- and late-onset
preeclampsia are the consequences of different underlying
pathophysiologic conditions. Placental defects, which are
attributable to defective syncytiotrophoblast invasion and
abnormal remodeling of the spiral arteries, are associated with
early-onset disease. On the other hand, LOP usually occurs in
the presence of maternal endothelial dysfunction, which
is associated with more favorable neonatal outcomes than
EOP. Briefly, EOP seems to be a placental disorder, whereas
LOP is typically linked to maternal factors (4,5). Although
the diagnostic criteria are the same in these two different
phenotypes of preeclampsia, different maternal and neonatal
clinical and laboratory results were reported between EOP
and LOP (6,7). While EOP is considered as a high risk for both
mother and the fetus, LOP shows less severe clinical outcomes
(7). Besides, there are still uncertainties about the maternal
and fetal results of early and late-onset preeclampsia (8,9).
Therefore, in this study, we aimed to determine the maternal
risk factors and early neonatal results between early- and late-
onset preeclampsia.

MATERIAL AND METHODS

Mothers who gave birth at the Department of Obstetrics
and Gynecology between January 2017-January 2019 and
were diagnosed with preeclampsia (PE) were included in this
retrospective cohort study. The study was approved by the
Istanbul Medeniyet University Goztepe Training and Research
Hospital’s ethics committee (2020/0011).

PE was diagnosed as stated below-according to the report
of American College of Obstetricians and Gynecologists: (i)
after the 20t gestational week, a recent onset hypertension
(systolic blood pressure 2140 mmHg or diastolic blood pressure
>90 mmHg) in a patient previously normotensive; and (ii)
proteinuria (=300 mg/24 hours or dipstick >1 ); or (iii) end-
organ symptoms/findings (thrombocytopenia, altered serum
creatinine level, increased liver transaminases, pulmonary
edema, or cerebral or visual symptoms). Patients who were
diagnosed with preeclampsia before the 34" gestational
week were classified as the EOP group, and those who were
diagnosed on or after the 34" gestational week were classified
as the LOP group (2).

The demographic features, clinical findings, and laboratory data
of the mothers and infants were obtained from the files of
the Department of Obstetrics and Gynecology and Neonatal
Intensive Care Unit (NICU). Maternal age, gravidity, parity,
abortus, intrauterine death, intrauterine growth retardation
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(IUGR), nulliparity, blood pressure measurements, body mass
indices (BMI) before and during pregnancy, weight before and
during pregnancy, PE history, PE hypertension history, smoking
status, liver and kidney function tests, lactate dehydrogenase
(LDH), albumin, and complete blood count results were
recorded. Neonatal demographic features such as gestational
age, birth weight, Apgar scores at the 1*t and 5" minutes, sex,
and the mode of delivery were recorded. Morbidities including
respiratory distress syndrome (RDS), transient tachypnea of the
newborn (TTN), patent ductus arteriosus (PDA), necrotizing
enterocolitis (NEC), bronchopulmonary dysplasia (BPD),
retinopathy of prematurity (ROP), intraventricular hemorrhage
(IVH) and sepsis were added into the data. Additionally, history
of NICU hospitalization, days of stay in NICU, mortality rate,
and first postnatal-day neutrophil and thrombocyte counts and
hemoglobin levels were also recorded. The gestational age was
calculated using the last menstruation date and the crown-
rump length during the first trimester. Neonates with a birth
weight less than the 10™ percentile were classified as small
for gestational age (SGA). Pregnancies with chronic diseases,
babies with congenital anomalies, and cases with incomplete
medical data were excluded from the study.

Statistical Analysis

The statistical analyses of the data were performed with SPSS
Statistics 22 (IBM SPSS, Turkey) software. By depending on
the assumption that 60% of a difference between early and
late-onset PE would be clinically significant, 5% type | error
(double-sided) and 45 women subjects with 80% power were
estimated to be adequate. The descriptive values of the data
were calculated as mean, tstandard deviation, median [IQR],
and number (%). The compatibility of the data to normal
distribution was assessed with the Kolmogorov Smirnov test.
The changes in numeric features for the normally distributed
data in terms of EOP and LOP groups were analyzed with student
t-test; the ones who are not normally distributed were analyzed
with the Mann Whitney-U test. Categorical variables in terms of
both groups were analyzed with the Pearson Chi-Square test or
Fisher Exact test. Logistic regression was conducted to estimate
the relationship between maternal and pregnancy parameters
and composite results. Maternal age, BMI, parity, nulliparity,
pregestational weight, PE and hypertension history, aspartate
aminotransferase (GOT), alanine transaminase (GPT), creatinine,
platelet count, and LDH levels were included. Additionally,
logistic regression analysis was carried out to assess the
relationship between EOP and LOP and the neonatal outcomes.
Statistical significance criteria were taken as p<0.05.

RESULTS

Out of the 92 patients included in our study, 45 (49%) were
diagnosed as EOP, while 47 (51%) were diagnosed as LOP. In
the EOP group, 23 (51%) were mild PE, 22 (49%) were severe
PE. In the LOP group, 24 (51%) were mild, 23 (49%) were severe
PE. In the EOP group, the data from 2 cases (an abortus and
a stillbirth) were excluded from the study before analysis. The
demographic features and laboratory findings of the mothers
are shown in Table 1. In the EOP group, IUGR and cesarean
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rates were found to be significantly higher compared to the LOP
group (p=0.025, p=0.01, respectively). Other clinical features
and laboratory findings were similar between the two groups.
In the multiple logistic regression analysis to identify the risk
factors in the EOP and LOP groups, it was found that high BMI
during pregnancy was an independent risk factor for LOP (OR
1.362, 95% CL: 1.070-1.732, p=0.012).

Upon analyzing the neonatal results in the EOP and LOP group,
gestational age, birth weight, cord pH, and Apgar scores at the
1%t and 5" minutes were found to be significantly lower in the
EOP group than those of the LOP group (p=0.001, p=0.001,
p=0.048, p=0.004, p=0.002, respectively). Furthermore, in
the EOP group, the incidence of SGA, RDS, PDA, NEC, and the
rates of hospitalization in the NICU were significantly high
(p=0.036, p=0.001, p=0.009, p=0.017, p=0.005, respectively).
Also, the days of stay in the NICU was significantly higher
than the LOP group (p=0.001). Neonatal mortality was not
encountered in either group. In the hematologic assessment,
the neutropenia and anemia rates in the EOP group were

found to be significantly higher than the LOP group (p=0.003,
and p=0.034, respectively) (Table 2). In the logistic regression
analysis, it was found that EOP significantly increases the risks
of IUGR (OR 2.96; 95% CL: 1.12—7.81), SGA (OR 2.50; 95% CL:
1.05-5.95), RDS (OR 15.346; 95% CL: 3.06-76.99), PDA (OR
11.43; 95% CL: 1.36-96.16), and hospitalization in the NICU
(OR 2.48; 95% CL: 1.06-5.77) (Table 3).

DISCUSSION

Our results showed that early-onset preeclampsia had greater
adverse effects on the infant than late-onset disease. In our
study, gestational age and birth weight were found to be
lower, and the SGA ratio was higher in the EOP group than
the LOP group. Similarly, in previous studies, they reported
that the gestational age and birth weight were found to be
lower in the EOP group, while SGA and IUGR ratios were found
higher than the LOP group (10,11). It is well known that in
preeclampsia, uteroplacental ischemia is one of the basic
problems that affect the fetus and consequently the neonate.
Severe placental failure causes intrauterine hypoxemia, thus,

Table 1: Baseline maternal characteristics and prenatal screening results according to the onset of preeclampsia.

Early-onset preeclampsia

Late-onset preeclampsia

Variables (n=45) (n=47) p

Maternal age, year 3145.4 2945.8 0.124
Age >35 years, n (%) 10 (22) 8(17) 0.530
Age >40 years, n (%) 1(2.2) 1(2.1) 0.999
Gravidity 2.6+1.37 2.38+2.33 0.079
Parity 1.09+£1.20 0.96+1.28 0.456
Nulliparity, n (%) 14 (31) 22 (46.8) 0.123
Pre-pregnancy bodyweight (kg) 70%13.5 68+13.6 0.478
Pregnancy bodyweight (kg) 79.55+12.41 81.30+13.26 0.418
Pre-pregnancy BMI, (kg/m?) 27+45.2 265 0.474
Pregnancy BMI, (kg/m?) 30.48+4.90 31.1145.22 0.551
SBP (mm/Hg) 150+15.6 153+15.7 0.527
DBP (mm/Hg) 9349.7 93+10 0.589
IUGR, n (%) 17 (38) 8(17) 0.025
Primiparity, n (%) 14 (31) 22 (47) 0.123
Previous PE, n (%) 6(13.3) 6(12.8) 0.936
Family history of PE, n (%) 7 (15.6) 9(19) 0.64
Family history of hypertension, n (%) 10(22) 8(17) 0.53
Smoking, n (%) 8(17.8) 6(12.8) 0.503
Platelets, (103/pL) 222472 198+62 0.088
GPT, (U/L) 524145 29+20 0.083
GOT, (U/L) 554163 25+31 0.824
LDH, (U/L) 2964299 267494 0.373
Creatinine, (mg/dL) 0.57+0.1 0.5810.16 0.766
Albumin, (g/dL) 3.2+0.37 3+0.5 0.117

BMI: Body Mass Index, SBP: systolic blood pressure, DBP: Diastolic blood pressure, IUGR: Intrauterine growth retardation, PE: Preeclampsia, GOT: Aspartate
aminotransferase, GPT: Alanine transaminase, LDH: Lactate dehydrogenase. Data were expressed as mean * SD, p<0.05
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Table 2: Neonatal demographics and outcomes according to the onset of preeclampsia.

Early-onset preeclampsia

Late-onset preeclampsia

Variables (n=45) (n=47) p

Gestational age (weeks) 34 +4 37.6+2.4 0.001
Birth weight (g) 19274927 2777 752 0.001
Cesarean delivery, n (%) 37 (82) 27 (57) 0.01
Male, n (%) 21 (46.7) 18 (38.3) 0.417
Preterm delivery, n (%) 30 (66.7) 13 (27.7) 0.001
SGAn (%) 22 (49) 13 (27.7) 0.036
Cord pH 7.29 +£0.10 7.33 £0.05 0.048
1- min Apgar score 612.1 7+1.7 0.004
5-min Apgar score 8+1.2 9+1.1 0.002
RDS 21 (62) 2(9.5) 0.001
PDA 12 (36.4) 1(4.8) 0.009
NEK 8(24.2) 0(0.0) 0.017
TTN 6(18) 7(33) 0.183
ROP 5(15.2) 1(4.8) 0.386
BPD 8(24.2) 1(4.8) 0.075
IVK 2(5.9) 1(4.8) 0.999
Sepsis 4(12.1) 3(14.3) 0.999
Hospitalization, n (%) 33(73) 21(45) 0.005
Hospital stay (days) 35433 7.816.4 0.001
Hemoglobin, (g/dL) 16.242.5 17.9+2.9 0.034
Neutrophils, (103/uL) 312642449 5988+3593 0.003
Platelets, (103/pL) 172393 91537 204933 +72815 0.179

SGA: Small for gestational age, RDS: Respiratory distress syndrome, PDA: Patent ductus arteriosus, NEC: Necrotizing enterocolitis, TTN: Transient tachypnea of
newborn, ROP: Retinopathy of Prematurity, BPD: Bronchopulmonary dysplasia, IVH: Intraventricular hemorrhage. p<0.05

Table 3: Risk of Neonatal Morbidity in Early Onset vs Late
Onset Preeclampsia.

Risk ratio (95% confidence interval)

Neonatal outcomes Early-onset PE vs Late-onset PE

SGA 2.5 (1.05-5.95)
RDS 15.4 (3.1-76.99)
PDA 11.429 (1.36-96.16)

Hospitalization in NICU 2.48 (1,06-5,77)

SGA: Small for gestational age, RDS: Respiratory distress syndrome,
PDA: Patent ductus arteriosus, NICU: Neonatal intensive care unit.

IUGR and premature birth might happen (12). Lisonkova et
al. (13) reported a stronger association between early-onset
disease and occurrence of SGA infant (as compared with late-
onset disease and SGA), because of the profound effects of
poor placental perfusion early in gestation and differences in
disease severity. Moreover, in other studies, gestational age
and birth weight were found to be lower in the EOP group than
the LOP group, while no significant difference between the two
groups was found in terms of SGA rates (14).
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In our study, the RDS rate was found to be higher in the EOP
group compared to the LOP group. No certain inference could be
made about the RDS rate of the infants of preeclamptic mothers.
In Soliman et.al.s (15) study, which included late preterm babies,
the RDS rate was found to be higher in the EOP group compared
to normotensive cases and the LOP group. In Weitzner et.al’s
(11) study, no significant difference was found between the EOP
and LOP groups. In preeclampsia, the stress hormones secreted
by the fetus who encounters intrauterine stress might have
an accelerating effect on fetal lung maturation; however, it is
thought that RDS risk may be increased due to the damage to
type Il pneumocytes due to intrauterine hypoxemia caused by
uteroplacental ischemia (16). Moreover, in RDS pathophysiology,
an increase in the levels of antiangiogenic factors, like soluble
vascular endothelial growth factor receptor 1 (sFlt-1) and soluble
Endoglin, and a decrease in the levels of angiogenic factors, like
vascular endothelial growth factor (VEGF) and placental growth
factors may play an important role in increasing the risk of RDS
(17,18). In an animal test, VEGF was found to increase alveolar
growth and surfactant level (18).

In our study, the NEC rate was found to be significantly higher
in the EOP group than the LOP group. When the NEC rates of
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infants of EOP and LOP mothers were assessed, some studies
showed NEC rates were higher in infants of EOP mothers (6,7),
whereas other studies demonstrated no relationship between
the infants of EOP and LOP mothers (10). In preeclampsia, the
risk of NEC is thought to increase due to both fetal hypoxemia
based on insufficient placental blood flow and reduction
in blood flow to the gastrointestinal system due to the
reorganization of fetal blood flow due to hypoxemia (19). The
VEGF is also thought to influence NEC pathology (20).

Another finding in our study showed that the PDA rate was
higher in the EOP group. There have been very few studies
researching the frequency of PDA in infants of preeclamptic
mothers. Withagen et. als (21) study reported that the PDA
rate was increased in the infants of preeclamptic mothers.
Shah et.al.s (22) study found that in 26—33 weeks infants of
preeclamptic mothers, PDA rates were decreased. It is known
that transforming growth factor- B and VEGF are effective in
anatomical closure of PDA (23).

In our study, anemia was found to be higher in infants of EOP
mothers. Similar to our findings, Ni et als (7) study found that
the rate of anemia was significantly higher in the infants of EOP
mothers. Anemia is the most common hematological problem
in premature infants. Hemoconcentration and hyperviscosity
are expected in IUGR, but anemia was also observed in
severe IUGR infants. This is explained by the development of
resistance against erythropoietin (EPO) due to the long-lasting
high concentration of EPO due to severe placental failure (24).

In our study, another abnormal hematological finding was the
significantly lower number of neutrophils in the EOP group
than the LOP group. In both premature and IUGR infants,
neutropenia is a commonly seen finding. The etiology of
neutropenia seen in about half of the infants of the mothers’
hypertension is still unknown. A decrease in production,
further clinical deterioration of the infant (related to infection,
alloimmunization, and isoimmunization), and an increase in
microvascular endosteal neutrophil migration are seen to be
the most responsible causes. Neutropenia is thought to be
associated with placenta-derived inhibitors or the effect of
EPO on neutrophil precursors (25).

We think that the cause of high morbidity in the infants of
EOP mothers is the high rate of IUGR and prematurity in this
group. In addition, compared to LOP, the high sFlt-1 levels
and low VEGF levels play a role in the pathogenesis of EOP.
Antiangiogenic conditions become more apparent exposing
the fetus to the intrauterine antiangiogenic environment for
a longer period. All these factors contributed to the increase
in neonatal morbidity in infants of EOP mothers and increased
hospitalization in the NICU.

Previous studies reported that the classical risk factors for
preeclampsia are previously existing medical conditions
such as nulliparity, old maternal age, previous preeclampsia
history, high BMI, gestational diabetes, multiple pregnancies,
assisted reproduction, and chronic hypertension (5). Chronic
hypertension was found to be associated with PE in EOP
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(26,27); young maternal age, nulliparity, and high BMI
were found to be associated with LOP (13). In our study, no
significant difference was found between the EOP and LOP
groups in terms of clinical and laboratory features. Besides,
in multiple logistic regression analyses, a linear relationship
was identified between high BMI and LOP. Being overweight
and obesity have a two-three-fold increase in the risk of PE.
Additionally, being overweight and obesity are highly prevalent
worldwide, and thus, cumulatively account for over 40 percent
of PE cases (28,29). In a systematic review of 13 cohort studies
comprising nearly 1.4 million women, the risk of preeclampsia
doubled with each 5-7 kg/m? increase in pre-pregnancy BMI
(30). However, similar studies investigating EOP and LOP, being
overweight/obesity were found to increase LOP risk, but not
EOP (31). The mechanisms underlying the relationship between
preeclampsia and obesity are not completely understood and
have only been partially explored. Increased cytokine-mediated
inflammation and oxidative stress, increased shear stress,
dyslipidemia, and increased sympathetic activity have all been
proposed as possible pathways (5).

This study has notable strengths. Our study has an adequate
sample size. Additionally, our study includes detailed
information, including the sociodemographic and clinical
characteristics of the participants. There are, however,
limitations of our research. The basic limitations of our study
were the retrospective design of our study and missing data.
Finally, the EOP and LOP groups were not compared with a
control group composed of normotensive mothers.

Early-onset preeclampsia had greater adverse effects on the
infant than late-onset disease. Our study also revealed that
high BMI was a stronger risk factor for late-onset than for
early-onset disease. Therefore, improved pre- and postnatal
management of early-onset preeclamptic pregnant women
who are planning to deliver in hospitals with high-level NICUs
should be emphasized to provide adequate treatment and
follow-up against possible neonatal morbidities. Close follow-
up of these infants against morbidities that might occur post-
delivery will positively affect the prognosis of these infants.
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