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Abstract

Background: Neonates born to women with severe preeclampsia (PE) exhibited lower Apgar scores. The purpose of this study was to
evaluate the association between lowApgar scores andmaternal, prenatal, and intrapartum variables in patients with severe PE.Methods:
A retrospective case–control study was conducted in a public teaching hospital from January 2016 to June 2022. Cases included patients
with severe PE and an Apgar score below 7 at 1 or 5 minutes, while controls had severe PE with an Apgar score of 7 or higher. A total
of 125 cases and 303 controls were included. Fisher’s exact test, logistic regression and receiver operating characteristic (ROC) analysis
were used as appropriated. Results: 22 potential risk factors were assessed, of which 12 were significantly associated with changes
in outcome. Multivariate analysis identified gestational age at delivery (GAD) (odds ratio [OR], 0.570; 95% confidence interval [CI],
0.420–0.774; p< 0.001), intravenous anesthesia (OR, 12.889; 95% CI, 3.820–43.486; p< 0.001) and PE onset weeks (OR, 0.937; 95%
CI, 0.879–0.999; p = 0.047) as independent risk factors for low Apgar scores in neonates with severe PE. The accuracy of predicting low
Apgar scores in newborns of PE patients was high based on GAD (area under the curve [AUC], 0.868; 95% CI, 0.832–0.905; p< 0.001)
and PE onset weeks (AUC, 0.785; 95% CI, 0.741–0.828; p< 0.001). Conclusion: The GAD (<30.5 weeks) and PE onset weeks (<28.5
weeks) are identified as risk factors for low Apgar scores in newborns of patients with severe PE, and general anesthesia is suggested to
be avoided during delivery.
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1. Introduction
Preeclampsia (PE) is a pregnancy-specific disorder

characterized by hypertension and proteinuria, significantly
affecting the health of both the mother and the fetus. It
is estimated that 4.6% of pregnancies worldwide are af-
fected by PE [1,2]. The pathophysiological changes in
PE involve vasoconstriction and endothelial dysfunction
throughout the body, resulting in reduced perfusion to var-
ious organs and posing risks to both mother and fetus [3].
Inadequate remodeling of uterine spiral arteries leads to de-
creased placental perfusion, a reduced mean diameter of
these vessels, and endothelial injury, which impairs pla-
cental function and results in fetal distress. PE is closely
related to adverse outcomes such as cesarean delivery, pla-
cental abruption, small for gestational age (SGA) infants,
preterm birth, and a 5-minute Apgar score <7 [4,5]. PE is
associated with an increased risk of neonatal asphyxia [6]
and serves as an independent prognostic factor for low Ap-
gar scores and asphyxia in newborns [7,8]. Neonates born
to women with severe early-onset PE exhibited lower Ap-
gar scores than those born to women with late-onset disease
[9]. The factors contributing to low Apgar scores in preg-

nant women with PE and strategies for preventing neonatal
asphyxia in this population have been rarely addressed in
the existing literature. We conducted a retrospective case-
control study to evaluate the correlation between lowApgar
scores and maternal, prenatal, and intrapartum variables in
pregnant patients with severe PE, aiming to identify poten-
tial risk factors of low Apgar scores in newborns delivered
by these women.

2. Materials and Methods
We conducted a retrospective case–control study at

Shandong Provincial Hospital, affiliated with Shandong
First Medical University. We reviewed the database for
patients diagnosed with severe PE or chronic hypertension
complicated by severe PE, between January 2016 and June
2022 (Fig. 1). Of the 968 cases, 70 were discharged after
treatment, and 84 underwent labor induction. Ultimately,
814 pregnant patients eventually gave birth, and the Apgar
scores of their newborns were assessed. Exclusion criteria
included fetal anomalies, fetal distress, abnormal fetal posi-
tioning during delivery, chorioamnionitis, and prolonged or
rapid vaginal delivery. A total of 772 cases were included in
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Fig. 1. Patient flow diagram. A representation of the process involved in the inclusion, exclusion, and grouping.

this study, from which 125 cases with Apgar scores<7 at 1
or 5 minutes were selected as the case group. Additionally,
303 cases with Apgar scores≥7 were randomly selected as
the control group, maintaining a ratio of 1:2–1:3 between
the case and control groups.

3 obstetricians conducted an additional clinical eval-
uation of the patients and confirmed the diagnosis of
PE. Chronic hypertension combined with PE: patients
with chronic hypertension present with evidence of new-
onset proteinuria, additional maternal organ dysfunction,
or uteroplacental dysfunction. PE: gestational hypertension
(systolic blood pressure≥140mmHg and/or diastolic blood
pressure≥90 mmHg at≥20 weeks of gestation), accompa-
nied by one or more new conditions; proteinuria (assessed
by: test paper proteinuria≥1+, protein/creatinine ratio≥30
mg/mmol, albumin/creatinine ratio ≥8 mg/mmol, or pro-

tein ≥300 mg/24 h). Other maternal terminal organ dys-
functions included: neurologic complications; pulmonary
edema; hematologic complications; impaired liver func-
tion; and renal insufficiency.

Severe PE: systolic blood pressure ≥160 mmHg
and/or diastolic blood pressure ≥110 mmHg at ≥20
weeks of pregnancy; renal insufficiency; thrombocytope-
nia (platelet count <100 × 109/L); serum creatinine >1.1
mg/dL or twice the serum creatinine sacrifice; pulmonary
edema; liver function impairment. Liver impairment is in-
dicated by elevated liver enzymes (more than twice the up-
per limit of normal) or severe, persistent pain in the right
upper quadrant or epigastric region that does not respond to
analgesics. Additional symptoms may include the onset of
persistent headaches unresponsive to medication treatment
or visual disturbances. Hemolysis, elevated liver enzymes
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and low platelets (HELLP) syndrome: lactate dehydroge-
nase (LDH)≥600 IU/L; elevated levels of aspartate amino-
transferase (AST) and alanine aminotransferase (ALT) to
more than twice the upper limit of normal; platelet count
<100 × 109/L [10].

Abnormal pregnancy history includes previous his-
tory of pregnancy loss, recurrent pregnancy loss, stillbirth,
neonatal death, or fetal development abnormalities. We de-
fined SGA as a birth weight below the 10th percentile on
the Fenton growth chart or fetal weigh of less than 2500 g
at or beyond 37 weeks of gestation [11]. Premature rupture
of membranes is defined as the spontaneous rupture of the
fetal membranes prior to the onset of labor [12]. Clinical
evaluation of placental abruption was based on the pres-
ence of prenatal uterine tenderness and vaginal bleeding,
with confirmation through placental examination following
delivery [13]. The diagnostic criteria of antiphospholipid
syndrome (APS) followed the Sydney criteria [14], and
pregestational diabetes mellitus (PGDM), gestational dia-
betes mellitus (GDM) according to the recommendations
of the International Association of Diabetes in Pregnancy
Study Groups [14,15]. Abnormal fetal umbilical artery
flow was defined as the absence of end-diastolic blood flow
or the presence of reversed end-diastolic flow. Anesthesia
for cesarean sections included both intraspinal and general
anesthesia. This research was approved by the Biomedical
Research Ethics Committee of Shandong Provincial Hospi-
tal prior to its initiation (Approval No. SWYX-21).

Statistical analyses were performed using IBM SPSS
22.0 (IBM Corp., Armonk, NY, USA). Comparisons of cat-
egorical variables were performed with Fisher’s exact test,
and continuous variables with Mann-Whitney U test. Lo-
gistic regression model was used to analyze the risk fac-
tors associated with lowApgar scores. A receiver operating
characteristic (ROC) curve analysis was used to determine
cutoff values. Statistical significance was set at p < 0.05.

3. Results
Of the 772 patients with severe PE, 125 (16.19%) de-

livered infants with low Apgar scores. A total of 22 vari-
ables were assessed, encompassing potential risk factors
such as maternal clinical variables, complications during
pregnancy, and both maternal and neonatal variables dur-
ing delivery. As presented in Table 1, a total of 12 vari-
ables were found to be significantly associatedwith changes
in the outcome. The gestational weeks at which PE oc-
curred was significantly lower in the case group compared
to the control group (median 27.0weeks [interquartile range
(IQR), 24.0–28.0] vs. median 31.0 weeks [IQR, 28.0–34.0],
p< 0.001), with a higher incidence of history of PE among
their mothers (15.2% vs. 8.3%, p = 0.036). Additionally,
differences were observed in the occurrence of GDM or
PGDM between the two groups. The case group had a
higher incidence of dexamethasone use and a significant
increase in the incidence of HELLP syndrome during preg-

nancy (18.4% vs. 5.3%, p < 0.001), placental abruption
(8.0% vs. 3.3%, p = 0.045), SGA infants (65.6% vs. 39.6%,
p < 0.001), and abnormalities in end-diastolic cord blood
flow (23.2% vs. 6.9%, p < 0.001) compared to the con-
trol group. Plasma creatinine levels were higher in the case
group (median, 63.32 µmol/L [IQR, 52.3–77.4]) compared
to the control group (median 60.15 µmol/L [IQR, 50.0–
69.2], p = 0.007).

GAD in the case group was significantly lower than
the control group (median 29.0 weeks [IQR, 28.0–30.0] vs.
34.0 weeks [IQR, 31.0–36.0], p < 0.001). Additionally,
neonatal birth weight was also significantly lower in the
case group compared to the control group (median 980.0
g [IQR, 850.0–1320.0] vs. 1980.0 g [IQR, 1400.0–2610.0],
p < 0.001). Among the patients who underwent cesarean
section delivery, a greater proportion in the case group re-
ceived general anesthesia (35.2% vs. 5.3%, p < 0.001).

The 14 variables with p < 0.1 listed in Table 1 were
included in the multivariate analysis. The results demon-
strated that the PE onset weeks (odds ratio [OR], 0.937;
95% confidence interval (CI), 0.879–0.999; p = 0.047),
GAD (OR, 0.570; 95% CI, 0.420–0.774; p < 0.001), and
the use of general anesthesia (OR, 12.889; 95% CI, 3.820–
43.486; p< 0.001) were identified as independent risk fac-
tors for low Apgar scores in neonates born to mothers with
severe PE (Table 2).

ROC analysis results demonstrated high accuracy in
predicting low Apgar score based on GAD (area under the
curve [AUC], 0.868; 95% CI, 0.832–0.905; p < 0.001).
The optimal diagnostic cutoff point was determined as 30.5
weeks of gestation, with a sensitivity of 76.6% and a speci-
ficity of 84.1%. Utilizing PE onset weeks to predict low
Apgar scores yielded moderate predictive accuracy (AUC,
0.785; 95%CI, 0.741–0.828; p< 0.001). The optimal diag-
nostic cutoff point was determined as 28.5 weeks of gesta-
tion, with a sensitivity of 78.2% and a specificity of 72.4%
(Table 3, Fig. 2).

4. Discussion
Pregnant patients with PE often undergo early termi-

nation of pregnancy due to factors such as placental hypop-
erfusion, elevatedmaternal blood pressure, disease progres-
sion, and other related complications. Consequently, their
newborns exhibit a higher incidence of low Apgar scores
compared to those born to mothers without complications.
In univariate analysis, patients with low Apgar scores in
newborns exhibited higher rate of a history of PE, earlier
onset of PE, shorter GAD, and lower birth weight com-
pared to those with high Apgar scores. This association
is thought to be related to premature termination of preg-
nancy in patients with PE. Patients with low Apgar scores
also exhibited an increased rate of dexamethasone admin-
istration, likely due to the earlier delivery time. Addition-
ally, the incidence of HELLP syndrome, abnormal umbili-
cal cord blood flow, placental abruption, and SGA infants
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Table 1. Baseline characteristics and data of the patients with severe PE.
Score ≥7 (n = 303) Score <7 (n = 125) p

Age, median (year, IQR) 33.0 (29.0, 36.0) 33 (30.0, 36.0) 0.433
PE onset weeks (week) 31.0 (28.0, 34.0) 27.0 (24.0, 28.0) <0.001
History of PE 25 (8.3%) 19 (15.2%) 0.036
Abnormal pregnancy history 48 (15.8%) 30 (24.0%) 0.054
BMI, median (kg/m2, IQR) 31.5 (28.2, 35.0) 29.9 (27.3, 33.5) 0.059
GDM or PGDM 84 (27.7%) 15 (12.0%) <0.001
APS 6 (2.0%) 3 (2.4%) 0.724
LWMH 22 (7.3%) 8 (6.4%) 0.838
LDA 17 (5.6%) 4 (3.2%) 0.338
Magnesium sulfate application 201 (66.3%) 81 (64.8%) 0.823
Dexamethasone application 165 (54.5%) 85 (68.0%) 0.010
Serum creatinine (µmol/L) 60.15 (50.0, 69.2) 63.32 (52.3, 77.4) 0.007
Serum uric acid  (mmol/L) 414.5 (344.0, 476.9) 421.0 (367.5, 593.2) 0.102
HELLP 16 (5.3%) 23 (18.4%) <0.001
Premature rupture of membrane 10 (3.3%) 2 (1.6%) 0.522
Placental abruption 10 (3.3%) 10 (8.0%) 0.045
SGA 120 (39.6%) 82 (65.6%) <0.001
Abnormal fetal umbilical artery blood flow 21 (6.9%) 29 (23.2%) <0.001
Gestational weeks at delivery (week) 34.0 (31.0, 36.0) 29.0 (28.0, 30.0) <0.001
Vaginal delivery 7 (2.3%) 0 (0.0%) 0.111
Birth weight of neonates (g) 1980.0 (1400.0, 2610.0) 980.0 (850.0, 1320.0) <0.001
General anesthesia 16 (5.3%) 44 (35.2%) <0.001
PE, preeclampsia; IQR, interquartile range; BMI, body mass index; GDM, gestational diabetes mellitus; PGDM,
pregestational diabetes mellitus; APS, antiphospholipid syndrome; LMWH, lowmolecular weight heparin; LDA,
low-dose aspirin; HELLP, Hemolysis, elevated liver enzymes and low platelets; SGA, small for gestational age.

Table 2. Binary logistics regression analysis of risk factors for low Apgar scores in patients with severe PE.

B S.E. Wald p Exp(B)
95% CI

Lower Upper

PE onset weeks –0.065 0.033 3.960 0.047 0.937 0.879 0.999
GAD –0.561 0.156 12.999 0.000 0.570 0.420 0.774
General anesthesia 2.556 0.620 16.975 0.000 12.889 3.820 43.486
SGA 0.836 0.464 3.251 0.071 2.308 0.930 5.729
PE, preeclampsia; CI, confidence interval; GAD, gestational age at delivery; SGA, small for
gestational age; B, regression coefficient; S.E., standard error; Exp(B), the exponent of B.

Table 3. The accuracy of GAD and PE onset weeks in identifying low Apgar scores associated with PE.
Factor AUC 95% CI Cutoff values Sensitivity% Specificity% p

GAD 0.868 0.832–0.905 30.5 weeks 76.6 84.1 <0.001
PE onset weeks 0.785 0.741–0.828 28.5 weeks 78.2 72.4 <0.001

GAD, gestational age at delivery; PE, preeclampsia; CI, confidence interval; AUC, area under the curve.

increased during pregnancy. This group of patients also ex-
hibited elevated creatinine levels and an increased rate of
general anesthesia use.

In this study, multivariate analysis revealed that the
GAD was an independent risk factor for low Apgar scores
in cases of PE. The risk of low Apgar score decreased with
increasing GAD, highlighting that gestational age is a cru-
cial determinant of newborn Apgar scores. Santos et al.
[16] found a positive association between low Apgar scores

and GAD of less than 37 weeks pregnant patients without
PE. Svenvik et al. [17] reported that 62% of preterm in-
fants younger than 28 weeks had a 5-minute Apgar score
of 7. The sensitivity and specificity for predicting low Ap-
gar score at 1 minute in gestational age ≤28.5 weeks were
determined to be 52.1% and 64.4%, respectively [18]. We
aimed to identify the optimal threshold value for predicting
lowApgar scores in PE, a value that has not been reported in
previous literature. ROC analysis demonstrated that a cut-
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Fig. 2. ROC curve analysis for GAD (AUC, 0.868; 95% CI, 0.832–0.905; p < 0.001) and PE onset weeks (AUC, 0.785; 95% CI,
0.741–0.828; p < 0.001) as predictors of low Apgar score in PE. AUC, area under the curve; ROC, receiver operating characteristic;
GAD, gestational age at delivery; PE, preeclampsia; CI, confidence interval.

off value of 30.5 weeks’ gestation accurately predicted low
Apgar scores with high precision. Considering the higher
probability of SGA infants due to placental hypoperfusion
in preeclamptic patients compared to those without compli-
cations, pregnancy termination should be delayed until at
least 30.5 weeks of gestation. This approach aims to min-
imize the risk of adverse Apgar outcomes while ensuring
maternal safety.

Patients with early onset PE experienced significantly
unfavorable perinatal outcomes, including lower 5-minute
Apgar scores [2]. This study demonstrated that the gesta-
tional week at which PE onset occurs has good accuracy in
predicting low Apgar scores. The optimal diagnostic cut-
off point was determined as 28.5 weeks of gestation, with a
sensitivity of 77.3%, and a specificity of 69.9%. The prob-
ability of low Apgar scores in neonates with gestational age
greater than 28.5 weeks was significantly reduced.

Pregnant patients with diabetes mellitus are at an in-
creased risk of developing PE. Many of these patients also
have longer diabetes duration, poor glycemic control, and
microvascular complications, such as type I diabetes, dia-
betic nephropathy, and retinopathy [19–21]. In this study,
while some patients with GDM and PGDM were included,
these conditions were not identified as independent risk fac-
tors for the delivery of infants with low Apgar scores. The
short duration of diabetes and glycemic control may not sig-
nificantly increase the risk of low Apgar scores in cases of
severe PE.

In this study, the cesarean section rate was found to be
as high as 98%. Previous studies have reported higher ce-
sarean section rates among pregnant patients with PE com-
pared to vaginal delivery [22,23]. This disparity is be-
lieved to be attributed to maternal factors and an immature
cervix in these individuals. Pregnant patients who under-
went general anesthesia for cesarean sections had a signif-
icantly higher risk of low Apgar scores compared to those
who underwent intraspinal anesthesia [24–26]. Addition-
ally, a significantly elevated incidence of birth asphyxia
was observed in infants born tomothers with severe PEwho
received general anesthesia [27]. Our data demonstrated
that general anesthesia affected neonatal Apgar scores in
cases of PE, which is consistent with previous findings. In
pregnant patients diagnosedwith PE, particularly thosewho
undergo preterm delivery, the use of intraspinal anesthesia
may help to reduce the occurrence of this condition.

Previous literature has reported that newborns deliv-
ered from patients with severe PE have lower birth weight
and higher neonatal asphyxia rate [9,28]. In this study, the
incidence of neonatal SGA in neonates born to pregnant pa-
tients with PE was significantly increased, consistent with
previous literature reports. Some researchers found in their
univariate analysis that the incidence of neonatal mild as-
phyxia increased in pregnant patients with PE combined
with fetal growth restriction (FGR) [29]. Kovo et al. [30]
compared the Apgar scores of pregnant women with gesta-
tional hypertension combined with FGR and to those with
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normal blood pressure, finding no significant difference be-
tween the two groups. Multifactor analysis in this study
demonstrated that SGA was not an independent risk factor
for low Apgar scores, despite a p-value of 0.071.

The limitation of this study is that it is a single-center
study, and due to the low incidence of severe PE, the data
for the case group is small. Some very low birth weight
neonates were not followed up, and the long-term neonatal
outcomes were not included in the study. In the future, we
will focus on improving follow up, expanding the data vol-
ume, and obtaining more comprehensive neonatal outcome
data.

5. Conclusion
The GAD (<30.5 weeks) and PE onset weeks (<28.5

weeks) are important risk factors for low Apgar scores in
newborns of patients with severe PE, suggesting that gen-
eral anesthesia should be avoided when possible.
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