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Abstract

Background: Severe fetal growth restriction (sFGR) and preeclampsia (PE) are major pregnancy complications that often share placental
dysfunction. This study aimed to compare maternal and neonatal outcomes among sFGR cases with or without gestational hypertensive
disorders (GHD), with particular emphasis on PE.Methods: A retrospective analysis was conducted on 371 singleton pregnancies with
sFGR delivered at Suzhou Municipal Hospital between January 2020 and December 2024. Patients were categorized into three groups:
sFGR with PE (sFGR-PE; n = 69), sFGR with gestational hypertension (sFGR-GH; n = 15), and normotensive sFGR (n = 287). Maternal
characteristics, pregnancy complications, and neonatal outcomes were compared using Analysis of Variance (ANOVA), and chi-square
tests, as appropriate. Multivariate logistic regression was used to obtain adjusted odds ratios (aORs). Results: The patients in PE group
were older, and had higher body mass index (BMI), higher rates of gestational diabetes mellitus (GDM), and preterm delivery (p< 0.05).
Neonates in the PE group had significantly lower gestational age and birth weight, and higher incidences of metabolic acidosis, and
respiratory complications (p < 0.001). Multivariable regression analysis revealed that, compared with normotensive sFGR, the other
two groups showed no significant increase in the risk of adverse neonatal outcomes but had a significantly higher risk of cesarean or
instrumental delivery. Conclusions: Although sFGR with hypertensive disorders showed increased crude risks of adverse outcomes,
multivariable analysis indicated that most adverse effects were mediated by earlier delivery and lower birthweight. Only the risk of
operative delivery remained independently elevated, highlighting the importance of optimal delivery timing in these pregnancies.
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1. Introduction
Fetal growth restriction (FGR) refers to the failure of

the fetus to achieve its genetically determined growth po-
tential and may result from maternal, fetal, placental, or
genetic factors. Severe fetal growth restriction (sFGR) is
commonly defined as an estimated fetal weight (EFW) be-
low the third percentile [1]. The severity of FGR strongly
influences perinatal outcomes, with sFGR associated with
the highest rates of adverse events [2].

Gestational hypertensive disorders (GHD), including
preeclampsia (PE) and gestational hypertension (GH), are
leading causes of maternal and neonatal morbidity andmor-
tality, accounting for 9–26% of maternal deaths worldwide
[3]. PE, the more severe form of GHD, and FGR are both
classified as “placental syndromes” and share similar patho-
logical mechanisms, such as impaired trophoblast invasion
and placental oxidative stress [4].

Although the association between PE and FGR is well
established, comparative data on maternal and perinatal
outcomes in sFGR cases with or without GHD remain lim-
ited. This retrospective study aims to compare the clinical
characteristics and outcomes of sFGR cases, stratified by
the presence of PE or GH, providing evidence to support
risk stratification and guide antenatal management.

2. Materials and Methods
2.1 Study Design and Population

This retrospective study included singleton pregnan-
cies diagnosed with sFGR and delivered at Suzhou Munic-
ipal Hospital, Affiliated Suzhou Hospital of Nanjing Medi-
cal University, between January 2020 and December 2024.
Of the 416 initially identified cases, those with incomplete
medical records, stillbirths, chromosomal abnormalities, or
major structural malformations were excluded. A final co-
hort of 371 cases was analyzed.

2.2 Definition of sFGR
sFGR was defined as either an EFW or abdominal cir-

cumference (AC) below the 3rd percentile, or absent end-
diastolic flow in the umbilical artery (UA-AEDF). EFW
was calculated using the Hadlock formula [5]:

EFW (g) = 10(1.3596 + 0.0064 × HC + 0.0424 × AC + 0.174 ×

FL + 0.00061 × BPD × AC − 0.00386 × AC × FL)

• FL = femur length
• BPD = biparietal diameter
• HC = head circumference
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2.3 Diagnostic Criteria

GH was defined as a systolic blood pressure ≥140
mmHg and/or a diastolic blood pressure≥90mmHg on two
separate occasions at least 4 hours apart after 20 weeks of
gestation, with normalization postpartum.

PE was diagnosed when hypertension was accompa-
nied by proteinuria and/or signs of organ dysfunction, such
as thrombocytopenia, renal or liver dysfunction, or pul-
monary edema [3]. Gestational diabetes mellitus (GDM)
was diagnosed based on the 2018 American College of
Obstetricians and Gynecologists (ACOG) guidelines [6].
Neonatal acidosis was defined as an umbilical artery pH
<7.2 and a base excess < –5 mmol/L. The diagnosis and
management of neonatal hyperbilirubinemia followed the
2014 Chinese expert consensus [7]. Respiratory disorders
included neonatal respiratory distress syndrome (RDS),
transient tachypnea of the newborn, or apnea. The occur-
rence of any single adverse perinatal outcome (APO), as
previously described, was defined as an APO.

2.4 Grouping and Data Collection
Patients were categorized into three groups: Group

A, sFGR with PE (sFGR-PE); Group B, sFGR with GH
(sFGR-GH); Group C, normotensive sFGR.

Maternal demographics (age, body mass index [BMI],
gravidity, parity, and mode of conception), pregnancy com-
plications (GDM, preterm delivery, and delivery mode),
and neonatal outcomes (gestational age at delivery, birth-
weight, acidosis, hyperbilirubinemia, and respiratory is-
sues) were compared across the groups.

2.5 Statistical Analysis
Statistical analyses were performed using SPSS 23.0

(IBMCorp., Chicago, IL, USA). The Shapiro-Wilk test and
Levene’s test were employed to assess the normality of data
and the homogeneity of variances, separately. Normally
distributed continuous variables were presented as mean ±
standard deviation (SD) and compared using one-wayAnal-
ysis of Variance (ANOVA). Post hoc comparisons between
groups were performed with Bonferroni adjustments. Cat-
egorical variables were compared using the chi-square test.
Univariate logistic regression was modeled to assess the re-
lationship among the study groups and the occurrence of
perinatal outcomes was summarized by odds ratio (OR) and
95% confidence intervals (CIs). In addition, multivariate
analysis was performed, adjusting for maternal age, mater-
nal pre-pregnancy BMI, birthweight, and gestational age.
The normotensive sFGRwas used as the reference category
for ORs calculations. A p-value< 0.05 was considered sta-
tistically significant.

3. Results
Among the 371 sFGR cases analyzed, 69 (18.6%)

were complicated by PE, 15 (4.0%) by GH, and 287

(77.4%) were normotensive. A flowchart of patient selec-
tion is presented in Fig. 1.

3.1 Maternal Characteristics
As shown in Table 1, maternal age and BMI were sig-

nificantly higher in the PE group compared with the other
two groups (p = 0.03 and p < 0.001, respectively). No sig-
nificant differences were observed in the proportion of as-
sisted reproductive technology (ART) conceptions among
the groups.

3.2 Maternal Complications and Delivery Outcomes
As shown in Table 2, the incidence of GDM and

preterm birth was significantly higher in the sFGR-PE
group (p = 0.023 and p < 0.001, respectively). The pro-
portion of cesarean or instrumental deliveries was also sig-
nificantly elevated in this group (p < 0.001).

3.3 Neonatal Outcomes
Perinatal outcomes are summarized in Table 3. The

mean gestational age at delivery was significantly lower in
the PE group compared with the other two groups (36.27
± 2.28 weeks vs. 38.47 ± 1.78 weeks and 37.99 ± 1.97
weeks, p < 0.001). Similarly, neonatal birth weight was
significantly lower in the PE group than in the normotensive
group (1978.55 ± 446.72 g vs. 2464.15 ± 428.90 g, p <

0.001). No significant differences were found in neonatal
sex distribution across the groups (p = 0.60).

In the sFGR-PE group, there was a high incidence
of neonatal metabolic acidosis (31.9%), hyperbilirubine-
mia (72.5%), and respiratory disorders (46.4%). Notably,
no significant differences were observed in these complica-
tions between the sFGR-PE and sFGR-GH, except for res-
piratory disorders and acidosis. Three stillbirth cases oc-
curred in the normotensive sFGR, and no statistically sig-
nificant differences were found among the groups regarding
the stillbirth incidence.

Table 4 illustrates the results of multivariable re-
gression analysis after adjusting for potential confounders.
sFGR-PE and sFGR-GH were not associated with a signifi-
cantly increased risk of adverse neonatal outcomes but were
associated with a significantly higher risk of cesarean or
instrumental delivery compared with normotensive sFGR
(adjusted odds ratios [aOR] = 6.70 and 3.71, p < 0.05).

4. Discussion
Fetal growth restriction remains a major contributor

to perinatal morbidity and mortality and has long-term im-
plications for cardiovascular and metabolic health. Interna-
tional guidelines vary in their diagnostic criteria for FGR
[8], but there is consensus that fetuses with an EFW or AC
below the 3rd percentile should be classified as sFGR due to
their significantly elevated risk of adverse outcomes [9,10].

PE and sFGR share common placental pathophysiol-
ogy, particularly involving abnormal spiral artery remod-
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Fig. 1. Flowchart of sFGR cases included in the study. sFGR, severe fetal growth restriction; EFW, estimated fetal weight; AC,
abdominal circumference.

Table 1. Baseline characteristics of pregnancies with sFGR with or without PE.
Variables Normotensive sFGR (n = 287) sFGR-PE (n = 69) sFGR-GH (n = 15) χ2 p-value

Maternal age (years) 29.64 ± 3.92 31.10 ± 4.39∗ 30.27 ± 4.80 - 0.027
BMI (kg/m2) 20.80 ± 2.86 23.02 ± 3.62∗ 21.56 ± 4.83 - <0.001
ART 11 (3.80%) 6 (8.70%) 1 (6.70%) 2.96 0.228
Note: Data are expressed asmean± standard deviation (SD), median (interquartile range), or number (%); ∗p< 0.05 compared
with normotensive sFGR. Abbreviations: sFGR-PE, severe fetal growth restriction with preeclampsia; sFGR-GH, severe fetal
growth restriction with gestational hypertension; GH, gestational hypertension; PE, preeclampsia; BMI, body mass index;
ART, assisted reproductive technology.

Table 2. Maternal complications and pregnancy outcomes in sFGR cases with or without GHD.
Variables Total Normotensive sFGR (n = 287) sFGR-PE (n = 69) sFGR-GH (n = 15) χ2 p-value

GDM 72 47 (16.4%) 21 (30.4%) ∗ 4 (26.7%) 7.56 0.023
Preterm 90 46 (16.0%) 40 (58.0%) ∗# 4 (26.7%) 53.31 <0.001
Cesarean or instrumental delivery 222 147 (51.2%) 62 (89.9%) ∗ 13 (86.7%) ∗ 39.23 <0.001
Note: Data are expressed as number (%); ∗p < 0.05 compared with normotensive sFGR; # p < 0.05 compared with sFGR-GH.
Abbreviations: GDM, gestational diabetes mellitus; GHD, gestational hypertensive disorders.

eling, endothelial dysfunction, and placental insufficiency
[11]. It has been hypothesized that different abnormalities
of trophoblastic cells resulted in different disease pheno-
types [12]. Huppertz [13] suggested that malfunction of
the syncytiotrophoblast may increase oxidative stress mark-
ers and compromise the integrity of the placental barrier,

thereby contributing to the pathogenesis of PE. In con-
trast, malfunction of the cytotrophoblast can impair placen-
tal proliferation and fusion, ultimately leading to FGR [13].

Previous clinical guidelines have primarily treated
FGR as a consequence of PE [14]. However, our results
suggest a more complex interplay: among sFGR cases, the
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Table 3. APOs in sFGR cases with or without GHD.
Variables Total Normotensive sFGR (n = 287) sFGR-PE (n = 69) sFGR-GH (n = 15) χ2 p-value

Gestational age (weeks) - 38.47 ± 1.78 36.27 ± 2.28 ∗# 37.99 ± 1.97 - <0.001
Birthweight (g) - 2464.15 ± 428.90 1978.55 ± 446.72∗ 2260.00 ± 464.17 - <0.001
Gender - 1.02 0.600

Male 140 108 (37.6%) 28 (40.6%) 4 (26.7%)
Female 231 179 (62.4%) 41 (59.4%) 11 (73.3%)

Acidosis 50 27 (9.4%) 22 (31.9%) ∗# 1 (6.7%) 24.72 <0.001
Neonatal hyperbilirubinemia 154 94 (32.8%) 50 (72.5%) ∗ 10 (66.7%) ∗ 40.21 <0.001
Respiratory problems 80 47 (16.4%) 32 (46.4%) ∗# 1 (6.7%) 31.65 <0.001
APOs 184 119 (41.5%) 55 (79.7%) ∗ 10 (66.7%) 34.37 <0.001
Stillbirth 3 3 (1.0%) 0 0 0.89 0.642
Note: Data are expressed as mean ± SD, or number (%); ∗p < 0.05 compared with normotensive sFGR; # p < 0.05 compared with sFGR-GH.
Abbreviations: APO, adverse perinatal outcomes.

Table 4. Associations between the types of sFGR and the risk of APOs.
Group Crude OR (95% CI) aOR (95% CI)

APOs sFGR-PE 5.55 (2.95–10.43) 1.34 (0.58–3.12)
sFGR-GH 2.82 (0.94–8.47) 1.91 (0.43–8.40)

Acidosis sFGR-PE 4.51 (2.37–8.57) 1.42 (0.63–3.23)
sFGR-GH 0.69 (0.09–5.44) 0.38 (0.04–3.39)

Neonatal hyperbilirubinemia sFGR-PE 5.40 (3.02–9.68) 1.59 (0.77–3.30)
sFGR-GH 4.11 (1.37–12.35) 3.54 (0.94–13.27)

Respiratory problems sFGR-PE 4.42 (2.51–7.79) 0.77 (0.33–1.80)
sFGR-GH 0.37 (0.05–2.84) 0.11 (0.10–1.22)

Cesarean or instrumental delivery sFGR-PE 8.44 (3.73–19.06) 3.71 (1.47–9.37)
sFGR-GH 6.19 (1.37–27.93) 6.70 (1.31–34.13)

Normotensive sFGR was taken as a reference category for the OR calculation. ORs were ob-
tained from a logistic regression model (simple, multivariate analysis adjusted by maternal age, pre-
pregnancy BMI, gestational age and birthweight). Abbreviations: OR, odds ratio; CI, confidence
interval; aOR, adjusted odds ratio.

incidence of PE (18.80%) far exceeded that of GH. This
finding may indicate a distinct pathophysiological entity
rather than a linear progression from GH to PE. The global
prevalence of PE has been estimated at 4.6% of deliveries
[15]. The incidence of GH in FGR strongly correlated with
gestational age, declining from 39–43% in early preterm
cases to 4–7% in term deliveries [16]. The International So-
ciety for the Study of Hypertension in Pregnancy (ISSHP)
includes FGR as a diagnostic criterion for PE [17]. How-
ever, it remains controversial that cases diagnosed as PE
with hypertension and FGR alone do not show an increased
incidence of adverse maternal and neonatal outcomes com-
pared with PE with hypertension accompanied by protein-
uria or organ dysfunction [18]. Consequently, to delineate
their distinct effects, GH and PE were analyzed separately
in the sFGR population.

Our study demonstrated that sFGR-PE and sFGR-
GH were associated with significantly worse maternal and
neonatal outcomes compared with normotensive sFGR.
However, after adjustment for potential confounders, such
as gestational age and birthweight, these associations were
no longer statistically significant, indicating that these vari-

ables largely account for the adverse outcomes observed in
this group. The risk of cesarean or instrumental delivery
remained significantly elevated, reflecting the vulnerabil-
ity of growth-restricted fetuses to intrauterine hypoxia and
the limited compensatory capacity of a compromised pla-
centa during labor [19]. The timing of delivery is a critical
consideration in themanagement of FGR, particularly when
complicated by hypertensive disorders of pregnancy. Bio-
chemical factors, such as soluble fms-like tyrosine kinase-
1 (sFlt-1) and placental growth factor (PlGF), are increas-
ingly incorporated into maternal evaluation [20]. In care-
fully selected near-term FGR fetuses without Doppler ab-
normalities, mechanical or pharmacological induction can
be safely considered [21]. Clinicians should exercise partic-
ular caution when developing diagnostic strategies, surveil-
lance protocols, and final recommendations for the timing
of delivery of growth-restricted fetuses. While the univari-
able model indicated an increased likelihood of cesarean
section in sFGR-PE compared with sFGR-GH, this rela-
tionship was reversed in the multivariable-adjusted model.
This change, alongwith the large 95%CI in sFGR-GH,may
be caused by the small sample size.
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sFGR-PE pregnancies had significantly earlier deliv-
eries in our study. This discrepancy may be attributed to the
fact that the timing of delivery in sFGR-PE is influenced
not only by fetal impairment but also by maternal con-
ditions. Furthermore, abnormal umbilical artery Doppler
waveforms appear earlier in sFGR-PE cases, which may
contribute to the earlier gestational age at delivery [22]. Our
study lacked data regarding the interval from disease diag-
nosis to delivery. Concomitant hypertensive disorders have
been reported to shorten this diagnosis-to-delivery interval.
However, only 24% of these deliveries were primarily due
to maternal indications [23].

Strengths and Limitations
To our knowledge, this is one of the few retrospec-

tive studies that stratifies sFGR cases by both PE and GH.
The relatively large sample size and use of a standardized
diagnostic approach strengthen the reliability of our find-
ings. However, several limitations should be noted. Due to
the extended study duration and the retrospective design, it
was difficult to precisely ascertain the timing of onset for
both FGR PE, as well as to distinguish between early- and
late-onset FGR and PE. A smaller sample size in the sFGR-
GH group was a limitation that may have reduced statisti-
cal power. Furthermore, the timing of initiation and dosage
of aspirin prophylaxis lacked standardization, and very few
cases adhered to a daily regimen, resulting in data of limited
reliability.

5. Conclusions
Compared with normotensive sFGR pregnancies,

cases with coexisting GHD and PE did not show a signifi-
cantly increased risk of adverse neonatal outcomes. How-
ever, poor neonatal outcomes may be influenced by prema-
turity. Future prospective, multicenter studies with larger
sample sizes are needed to validate these findings and in-
form the clinical management of such pregnancies.
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