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Abstract

Objective: To evaluate the association between maternal angiogenic markers and neonatal outcomes 
in pregnancies with an estimated fetal weight (EFW) below the 10th percentile.

Methods: This prospective study included 95 singleton pregnancies with EFW below the 10th per-
centile. Maternal serum placental growth factor (PlGF) and soluble fms-like tyrosine kinase-1 (sFlt-1) 
were measured, and the sFlt-1/PlGF ratio was calculated. Neonatal outcomes included birth weight, 
respiratory distress syndrome (RDS), neonatal sepsis, intraventricular hemorrhage (IVH), neonatal 
death, and duration of neonatal intensive care unit (NICU) hospitalization. Associations were as-
sessed using Spearman’s rank correlation.

Results: PlGF was positively correlated with birth weight (ρ = 0.5654, p < 0.001), whereas sFlt-1 (ρ 
= −0.4644, p < 0.001) and the sFlt-1/PlGF ratio (ρ = −0.5693, p < 0.001) were negatively correlated 
with birth weight. RDS, neonatal sepsis, and IVH were significantly associated with lower PlGF and 
higher sFlt-1 concentrations and sFlt-1/PlGF ratios. Lower PlGF levels were weakly associated with 
neonatal mortality (ρ = −0.2159, p = 0.036), while sFlt-1 and the sFlt-1/PlGF ratio were not. No sig-
nificant correlations were observed with NICU hospitalization duration.

Conclusion: Maternal angiogenic imbalance was associated with lower birth weight and increased 
neonatal morbidity in pregnancies with fetal growth below the 10th percentile. Angiogenic biomark-
ers may complement conventional fetal assessment in identifying pregnancies at increased risk of 
adverse neonatal outcomes.
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Introduction

Fetal growth restriction (FGR) is characterized by impaired fetal growth resulting from the fetus’s 
inability to achieve its genetically determined growth potential during intrauterine life. It is one of the 
leading causes of perinatal morbidity and mortality and remains a major challenge in contemporary 
obstetric practice due to its association with stillbirth, neonatal complications, and adverse long-term 
health outcomes (1,2,3).
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The etiology of FGR is multifactorial. The condition most commonly results from placental insuf-
ficiency but may also be associated with fetal chromosomal or structural abnormalities, congenital 
infections, and maternal exposure to harmful substances or underlying maternal diseases (4). Regard-
less of the underlying cause, impaired placental function is the predominant mechanism responsible 
for the majority of FGR cases (5).

A fetus is considered small for gestational age (SGA) when its estimated fetal weight (EFW) is below 
the 10th percentile for gestational age. However, not all small fetuses are growth-restricted. SGA 
fetuses have an EFW below the 10th percentile with normal fetal and placental Doppler findings 
and are generally considered constitutionally small. In contrast, fetal growth restriction describes a 
pathological condition in which fetal growth is impaired and is accompanied by Doppler evidence of 
placental or fetal circulatory compromise, reflecting placental dysfunction.

Traditionally, SGA fetuses were regarded as constitutionally small and at relatively low risk for ad-
verse outcomes. Increasing evidence, however, indicates that even fetuses with an SGA below the 
10th percentile are at a significantly higher risk of perinatal morbidity and mortality than appropriate-
ly grown fetuses (6,7). Population-based studies have demonstrated that the lowest risk of perinatal 
death occurs among fetuses with birth weights between the 70th and 90th percentiles, whereas the 
risk increases progressively below the 60th percentile (6). Furthermore, large cohort studies have 
shown a gradual rise in stillbirth rates among fetuses with estimated fetal weight below the 25th 
percentile, with fetuses below the 10th percentile being at an approximately five-fold higher risk of 
intrauterine fetal death compared with those with appropriate growth (8,9).

Accurate identification of fetuses at increased risk of adverse perinatal outcomes is essential for op-
timal pregnancy management. Current assessment strategies combine ultrasound estimation of fetal 
size, Doppler evaluation of the uteroplacental and fetoplacental circulation, and, increasingly, ma-
ternal serum biomarkers that reflect placental function (10,11). These methods aim to distinguish 
constitutionally small fetuses from those with pathological growth restriction who require closer 
surveillance and timely delivery.

Currently, there is no effective treatment that can reverse fetal growth restriction once placental in-
sufficiency has developed (10,11). Therefore, the cornerstone of management is careful fetal sur-
veillance and determining the optimal timing of delivery (12). This decision requires balancing the 
risks of prematurity due to early delivery against the increasing risk of fetal hypoxia, acidosis, and 
intrauterine fetal death with prolonged pregnancy.

Among the emerging biomarkers of placental dysfunction, placental growth factor (PlGF) and solu-
ble fms-like tyrosine kinase-1 (sFlt-1) have received considerable attention. Maternal serum concen-
trations of these angiogenic markers, particularly the sFlt-1/PlGF ratio, correlate with the severity of 
placental insufficiency and the clinical manifestations of placental disease, including preeclampsia 
and fetal growth restriction (13). Consequently, these biomarkers may provide valuable information 
for identifying pregnancies at increased risk of adverse neonatal outcomes and for improving risk 
stratification in fetuses with estimated fetal weight below the 10th percentile.

Materials and Methods

A prospective observational cohort study was conducted at the University Clinic for Gynecology and 
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Obstetrics, Skopje. The study population consisted of 95 pregnant women carrying a singleton fetus 
with an ultrasound-estimated fetal weight (EFW) below the 10th percentile for gestational age.

Participants were enrolled according to predefined eligibility criteria. Women were eligible if they 
were aged ≥18 years, had an EFW below the 10th percentile, were at ≥24+0 weeks of gestation at 
the time of assessment, were available for follow-up through delivery and neonatal outcome assess-
ment, and provided written informed consent for participation. Women were excluded if they had 
preeclampsia diagnosed before enrollment, a structural fetal anomaly diagnosed either antenatally 
or after birth, a multiple pregnancy, a confirmed chromosomal or genetic abnormality, or were in the 
active phase of labor at enrollment. Pregnancies in which the newborn had a birth weight above the 
10th percentile were also excluded from the final analysis.

For each participant, clinical information was recorded using a standardized data collection form. 
Maternal demographic characteristics included age, weight, and height. Obstetric history included the 
number and the outcomes of previous pregnancies and a history of preeclampsia, eclampsia, HELLP 
syndrome, or fetal growth restriction in previous pregnancies. Current pregnancy data included the 
last menstrual period, gestational age, and number of fetuses.

Gestational age was determined by first-trimester ultrasound dating using crown–rump length (CRL) 
measurements obtained between 8+0 and 13+6 weeks of gestation (14). For women without available 
first-trimester ultrasound measurements, gestational age was determined using head circumference 
(HC) measurements obtained between 14+0 and 21+6 weeks of gestation when the discrepancy be-
tween menstrual dating and fetal biometric assessment exceeded 10 days(15).

All participants underwent a standardized ultrasound examination for fetal biometric assessment and 
evaluation of maternal and fetoplacental Doppler blood flow. Examinations were performed transab-
dominally using a 4–6 MHz probe on Voluson E8, Voluson E10, or Voluson E6 ultrasound systems 
(GE HealthCare), with compatible software platforms. Fetal biometry comprised measurements of 
the biparietal diameter (BPD), head circumference (HC), abdominal circumference (AC), and femur 
length (FL). All biometric measurements were obtained in accordance with standardized ISUOG 
recommendations (15). EFW was calculated using the Hadlock formula (16) and expressed as a per-
centile according to the Hadlock fetal growth reference (17).

Doppler assessment included the pulsatility index (PI) of the umbilical artery (UA), the pulsatility 
index of the middle cerebral artery (MCA), and the cerebroplacental ratio (CPR), calculated as the 
MCA PI divided by the UA PI. Doppler measurements were obtained in accordance with the ISUOG 
recommendations for Doppler assessment in obstetrics (18).

Maternal venous blood samples were collected and processed in the Biochemical Laboratory of the 
University Clinic for Gynecology and Obstetrics. Maternal serum concentrations of soluble fms-like 
tyrosine kinase-1 (sFlt-1) and placental growth factor (PlGF), together with the sFlt-1/PlGF ratio, 
were determined using a fully automated electrochemiluminescence immunoassay (ECLIA) platform 
(Cobas e 411). 

The timing and mode of delivery were determined based on the clinical condition of the mother and 
fetus and in accordance with established recommendations for the surveillance and management of 
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pregnancies complicated by fetal growth restriction. Indications for delivery included significant ab-
normalities in fetal or placental Doppler parameters, cardiotocographic evidence suggestive of fetal 
compromise, a positive fetal stress test, a biophysical profile score <4, and oligohydramnios.

The neonatal outcomes assessed included birth weight, duration of neonatal intensive care unit (NICU) 
stay, respiratory distress syndrome (RDS), neonatal sepsis, intraventricular hemorrhage (IVH), and 
neonatal death. RDS was defined as respiratory morbidity requiring respiratory support with supple-
mental oxygen for at least 4 hours, including cases diagnosed as transient tachypnea of the newborn.

Statistical Analysis

Statistical analysis of the data obtained from the study was performed using the Statistical Package 
for the Social Sciences (SPSS Inc., Chicago, Illinois), version 25.0. The Shapiro–Wilk W test was 
used to assess data distribution. Qualitative variables are presented as absolute and relative frequen-
cies. Quantitative variables are presented as mean, minimum and maximum values, standard devia-
tion, median, and interquartile range. Spearman’s rank correlation coefficient was used to analyze the 
correlation between placental angiogenic markers and selected variables. Statistical significance was 
defined as p < 0.05.

Results

A total of 95 pregnant women from the University Clinic for Gynecology and Obstetrics in Skopje 
were included in the study. All participants were carrying a fetus with an ultrasound-estimated fetal 
weight below the 10th percentile. Maternal age ranged from 18 to 56 years, with a mean age of 28.9 
± 6.1 years and a median of 28 years (IQR = 7). Body mass index (BMI) ranged from 17.6 to 41 kg/
m², with a mean of 28.2 ± 5.4 kg/m² and a median of 27 kg/m² (IQR = 6.6). The cohort was predomi-
nantly composed of pregnancies complicated by late-onset fetal growth restriction, accounting for 71 
cases (74.74%). More than half of the participants were nulliparous, with 54 (56.84%) being in their 
first pregnancy. Regarding parity, the most common category was a history of one previous delivery, 
reported in 32 women (33.68%). A total of 24 participants (25.26%) were smokers. Thromboprophy-
laxis was administered to 27 women (28.42%), while 9 (9.47%) received aspirin therapy. Regarding 
comorbidities, 22 participants (23.16%) had a history of hypertension, while diabetes mellitus was 
reported in 6 (6.32%) participants. A previous pregnancy complicated by preeclampsia was reported 
in 5 women (5.26%), while 13 (13.68%) had a history of a pregnancy complicated by fetal growth 
restriction. The median gestational age at the time of assessment was 35.4 weeks (IQR = 5).

Maternal demographic and clinical characteristics of the study population are presented in   Table 1.

Table 1. Maternal and Pregnancy Characteristics of the Study Population (n = 95)

Variable Value
Maternal age, years
Mean ± SD (range) 28.9 ± 6.1 (18–56)
Median (Q1–Q3) 28 (25–32)
Body mass index, kg/m²
Mean ± SD (range) 28.2 ± 5.4 (17.6–41)
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Variable Value
Median (Q1–Q3) 27 (25–31.6)
Fetal growth restriction, n (%)
Early-onset FGR 24 (25.26)
Late-onset FGR 71 (74.74)
Parity, n (%)
0 54 (56.84)
1 32 (33.68)
2 4 (4.21)
3 5 (5.26)
Smoking, n (%) 24 (25.26)
Aspirin therapy, n (%) 9 (9.47)
Thromboprophylaxis, n (%) 27 (28.42)
Hypertension, n (%) 22 (23.16)
Diabetes mellitus, n (%) 6 (6.32)
Preeclampsia/eclampsia/HELLP syndrome during current pregnancy, 
n (%)

3 (3.16)

Previous pregnancy complicated by preeclampsia, n (%) 5 (5.26)
Previous pregnancy complicated by FGR, n (%) 13 (13.68)
Gestational age at assessment, weeks
Median (Q1–Q3) 35.4 (32–37)

Abbreviations: FGR, fetal growth restriction; HELLP, hemolysis, elevated liver enzymes, and low 
platelet count; Q1, first quartile; Q3, third quartile; SD, standard deviation.

The median values of the analyzed angiogenic markers were as follows: PlGF, 155 pg/mL (IQR = 
322); sFlt-1, 3837 pg/mL (IQR = 5386); and the sFlt-1/PlGF ratio, 25.3 (IQR = 107.8). The distribu-
tion of angiogenic marker concentrations is presented in Table 2.

Table 2. Maternal Serum Angiogenic Marker Levels in the Study Population (n = 95)

Variable Median (Q1–Q3)
PlGF, pg/mL 155 (56–378)

sFlt-1, pg/mL 3837 (1902–7288)
sFlt-1/PlGF ratio 25.3 (5.2–113)

Abbreviations: PlGF, placental growth factor; sFlt-1, soluble fms-like tyrosine kinase-1; Q1, first 
quartile; Q3, third quartile; IQR, interquartile range.

Neonatal birth weight ranged from 600 to 2950 g, with a mean birth weight of 2059.9 ± 592.9 g. The 
first birth-weight percentile was the most frequent category, observed in 48 neonates (50.53%). The 
median Apgar score at 5 minutes was 9 (Q1–Q3: 8–9), with 60 neonates (63.16%) having an Apgar 
score of 9.

The median duration of NICU stay was 31 days (Q1–Q3: 21.5–48). Respiratory distress syndrome 
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occurred in 21 neonates (22.11%), neonatal sepsis in 14 (14.74%), and intraventricular hemorrhage in 
9 (9.47%). Neonatal death occurred in 4 cases (4.21%). An adverse neonatal outcome was recorded 
in 50 cases (52.63%).

Table 3. Neonatal Morbidity and Outcomes 

Variable Value
NICU stay, days, median (Q1–Q3) 31 (21.5–48)
Respiratory distress syndrome, n (%) 21 (22.11)
Neonatal sepsis, n (%) 14 (14.74)
Intraventricular hemorrhage, n (%) 9 (9.47)
Neonatal death, n (%) 4 (4.21)
Adverse neonatal outcome, n (%) 50 (52.63)

Abbreviations: NICU, neonatal intensive care unit; Q1, first quartile; Q3, third quartile.

The duration of NICU stay was not significantly correlated with PlGF (ρ = −0.2339, p = 0.23), sFlt-1 
(ρ = 0.1266, p = 0.52), or the sFlt-1/PlGF ratio (ρ = 0.1871, p = 0.34).

Table 4. Correlation Between Maternal Angiogenic Markers and Duration of Neonatal Intensive Care 
Unit Hospitalization

Duration of NICU stay Spearman ρ p-value
PLGF  (pg/ml) -0.2339 0.23
sFlt-1  (pg/ml) 0.1266 0.52
sFlt-1/PLGF 0.1871 0.34

Abbreviations: NICU, neonatal intensive care unit; PlGF, placental growth factor; sFlt-1, soluble 
fms-like tyrosine kinase-1

Correlation analysis demonstrated a significant moderate negative correlation between respiratory 
distress syndrome (RDS) and PlGF concentration (ρ = −0.4007, p = 0.0004). In contrast, RDS was 
significantly and positively correlated with sFlt-1 concentration (ρ = 0.3312, p = 0.001) and with the 
sFlt-1/PlGF ratio (ρ = 0.4107, p < 0.001).

Table 5. Correlation Between Maternal Angiogenic Markers and Neonatal Respiratory Distress Syn-
drome

Respiratory distress syndrome 
&

Spearman ρ p-value

PLGF  (pg/ml) -0.4070 ***0.00004
sFlt-1  (pg/ml) 0.3312 **0.001
sFlt-1/PLGF 0.4107 ***0.000036
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Figure 1. Correlation Between Maternal Angiogenic Markers and Neonatal Respiratory Distress 
Syndrome

Correlation analysis demonstrated a significant moderate negative correlation between neonatal sep-
sis and PlGF concentration (ρ = −0.3677, p < 0.001). In contrast, neonatal sepsis was significantly 
and positively correlated with sFlt-1 concentration (ρ = 0.3303, p = 0.001) and with the sFlt-1/PlGF 
ratio (ρ = 0.3769, p < 0.001).

Table 6. Correlation Between Maternal Angiogenic Markers and Neonatal Sepsis

Neonatal sepsis & Spearman ρ p-value
PLGF  (pg/ml) -0.3677 ***0.00025
sFlt-1  (pg/ml) 0.3303 **0.001
sFlt-1/PLGF 0.3769 ***0.00017

Figure 2. Correlation Between Maternal Angiogenic Markers and Neonatal Sepsis
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Spearman correlation analysis demonstrated a significant moderate negative correlation between in-
traventricular hemorrhage (IVH) and PlGF concentration (ρ = −0.3932, p < 0.001). In contrast, IVH 
was significantly and positively correlated with sFlt-1 concentration (ρ = 0.2870, p = 0.0048) and 
with the sFlt-1/PlGF ratio (ρ = 0.3723, p < 0.001).

Table 7. Correlation Between Maternal Angiogenic Markers and Neonatal Intraventricular Hemor-
rhage

Fetal intraventricular 
hemorrhage   &

Spearman ρ p-value

PLGF  (pg/ml) -0.3932 0.00008
sFlt-1  (pg/ml) 0.2870 0.0048
sFlt-1/PLGF 0.3723 0.0002

Figure 3. Correlation Between Maternal Angiogenic Markers and Neonatal Intraventricular Hemor-
rhage

Spearman correlation analysis demonstrated a significant moderate positive correlation between birth 
weight and PlGF concentration (ρ = 0.5654, p < 0.001), indicating that higher PlGF concentrations 
were associated with higher birth weight. In contrast, birth weight was significantly and moderately 
negatively correlated with sFlt-1 concentration (ρ = −0.4644, p < 0.001) and with the sFlt-1/PlGF ra-
tio (ρ = −0.5693, p < 0.001), indicating that higher sFlt-1 concentrations and sFlt-1/PlGF ratios were 
associated with lower birth weight.
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Table 8. Correlation Between Maternal Angiogenic Markers and Neonatal Birth Weight

Neonatal birth weight & Spearman ρ p-value
PLGF  (pg/ml) 0.5654 <0.001
sFlt-1  (pg/ml) -0.4644 ***0.000002
sFlt-1/PLGF -0.5693 <0.001

Figure 4. Correlation Between Maternal Angiogenic Markers and Neonatal Birth Weight

Spearman correlation analysis demonstrated a significant weak negative correlation between neonatal 
mortality and PlGF concentration (ρ = −0.2159, p = 0.036). In contrast, no significant correlations 
were observed between neonatal mortality and sFlt-1 concentration (ρ = 0.0937, p = 0.37) or the sFlt-
1/PlGF ratio (ρ = 0.1701, p = 0.10).

Table 9. Correlation Between Maternal Angiogenic Markers and Neonatal Mortality

Neonatal mortality & Spearman ρ p-value
PLGF  (pg/ml) -0.2159 *0.036
sFlt-1  (pg/ml) 0.0937 0.37
sFlt-1/PLGF 0.1701 0.1

Figure 5. Correlation Between Maternal Angiogenic Markers and Neonatal Mortality
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Discusion

The present study evaluated the association between maternal circulating angiogenic markers and 
neonatal outcomes in pregnancies complicated by fetal smallness, defined by an estimated fetal 
weight below the 10th percentile. The principal finding was that an altered maternal angiogenic pro-
file, characterized by lower PlGF concentrations and higher sFlt-1 concentrations and sFlt-1/PlGF 
ratios, was associated with several indicators of adverse neonatal outcome. These associations were 
particularly evident for birth weight, respiratory distress syndrome, neonatal sepsis, and intraventric-
ular hemorrhage, whereas the duration of NICU stay was not significantly associated with any of the 
evaluated angiogenic markers.

The relationship between angiogenic imbalance and neonatal morbidity was evident across several 
neonatal complications. RDS and neonatal sepsis were negatively associated with PlGF and positive-
ly associated with both sFlt-1 and the sFlt-1/PlGF ratio. A similar pattern was observed for IVH, with 
lower PlGF and higher sFlt-1 and sFlt-1/PlGF ratios associated with this complication. Taken togeth-
er, these findings suggest that greater angiogenic imbalance is associated not only with impaired fetal 
growth but also with increased neonatal morbidity.

The findings regarding neonatal mortality were less consistent. Lower PlGF was weakly but sig-
nificantly associated with neonatal mortality (ρ = −0.2159, p = 0.036), whereas no statistically sig-
nificant correlations were found for sFlt-1 or the sFlt-1/PlGF ratio. Given that only four neonatal 
deaths occurred in the study population, this finding should be interpreted with particular caution. The 
small number of events limits statistical power and results in considerable uncertainty regarding the 
strength and stability of the observed associations.

In contrast to the associations with specific neonatal morbidities, none of the angiogenic markers was 
significantly correlated with the duration of NICU stay. NICU length of stay is a multifactorial out-
come influenced by gestational age, birth weight, respiratory support, infection, feeding difficulties, 
and other clinical factors. Therefore, it may be less directly related to the degree of placental angio-
genic imbalance than to individual neonatal complications.

A particularly relevant finding was the association between angiogenic markers and neonatal birth 
weight. Birth weight showed a moderate positive correlation with maternal PlGF concentration (ρ = 
0.5654, p < 0.001), whereas significant moderate negative correlations were observed with sFlt-1 (ρ 
= −0.4644, p < 0.001) and the sFlt-1/PlGF ratio (ρ = −0.5693, p < 0.001). Our finding of a signifi-
cant negative association between the sFlt-1/PlGF ratio and neonatal birth weight is consistent with 
previous studies. Kwiatkowski et al. reported a significant negative correlation between the sFlt-1/
PlGF ratio and neonatal birth weight across their entire study population (R = −0.46, p < 0.001). (19)  
Similarly, Konopka et al. demonstrated a significant negative correlation between the pre-delivery 
sFlt-1/PlGF ratio and birth-weight centile for gestational age in pregnancies with isolated fetal growth 
restriction (iFGR; R = −0.62, p = 0.02) (20). In our cohort, the sFlt-1/PlGF ratio was also significantly 
and negatively correlated with neonatal birth weight (ρ = −0.5693, p < 0.001). These findings support 
an association between increasing angiogenic imbalance and lower neonatal birth weight, suggesting 
that the sFlt-1/PlGF ratio may reflect the severity of placental dysfunction and impaired fetal growth.

Our findings are consistent with those of Witwicki et al., who reported a higher incidence of respira-
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tory disorders, more frequent NICU admission, and longer hospitalization among neonates in the high 
sFlt-1/PlGF ratio group. Moreover, an sFlt-1/PlGF ratio ≥33 predicted a combined adverse neonatal 
outcome with a sensitivity of 73% and specificity of 82.2%, and remained independently associat-
ed with adverse neonatal outcome in multivariable analysis (21). Similarly, in our study, the sFlt-1/
PlGF ratio was significantly associated with respiratory distress syndrome (ρ = 0.4107, p < 0.001), 
supporting the association between greater angiogenic imbalance and increased neonatal morbidity. 
Although Witwicki et al. reported two neonatal deaths in the high-ratio group and none in the low-ra-
tio group, we found no significant correlation between the sFlt-1/PlGF ratio and neonatal mortality 
(ρ = 0.1701, p = 0.10).

The association between angiogenic imbalance and adverse neonatal outcome observed in our study 
is also supported by Kamphof et al. In a cohort of 440 singleton SGA pregnancies, they found that 
the sFlt-1/PlGF ratio was significantly associated with composite adverse perinatal outcome (CAPO; 
p < 0.001). Moreover, the sFlt-1/PlGF ratio remained part of the final multivariable prediction model 
together with estimated fetal weight and the highest umbilicocerebral ratio, achieving an AUC of 
0.75 (95% CI, 0.70–0.81) (22). Similarly, our findings demonstrated significant associations between 
a higher sFlt-1/PlGF ratio and several adverse neonatal outcomes, including respiratory distress syn-
drome, neonatal sepsis, and intraventricular hemorrhage. These findings further support the potential 
value of angiogenic markers, particularly the sFlt-1/PlGF ratio, as complementary indicators of neo-
natal risk in pregnancies complicated by impaired fetal growth.

Hughes et al. investigated the value of angiogenic biomarkers for risk stratification in pregnancies 
with suspected fetal growth restriction without signs of preeclampsia at recruitment. Positive angio-
genic biomarker results, defined as an sFlt-1/PlGF ratio >38 or PlGF <100 pg/mL, were associated 
with an increased risk of preterm birth and birth weight below the 3rd centile in pregnancies pre-
senting before 32 weeks of gestation, whereas these associations were not observed in pregnancies 
presenting between 32 and 37 weeks. These findings suggest that angiogenic imbalance may be par-
ticularly informative in early-onset FGR (23). This is consistent with our findings showing that lower 
PlGF concentrations and a higher sFlt-1/PlGF ratio were associated with lower neonatal birth weight 
and increased neonatal morbidity, further supporting the potential role of angiogenic biomarkers in 
identifying pregnancies at increased perinatal risk.

Our findings are also consistent with those of Mendoza et al., who demonstrated the value of the sFlt-
1/PlGF ratio for risk assessment in early-onset FGR and SGA (24).  In their study, the sFlt-1/PlGF 
ratio was strongly associated with adverse perinatal outcomes, and prediction models incorporating 
this biomarker generally performed better than models based solely on maternal characteristics and 
ultrasound findings. Similarly, in our cohort, a higher sFlt-1/PlGF ratio was significantly associated 
with lower neonatal birth weight and with increased neonatal morbidity, including respiratory distress 
syndrome, neonatal sepsis, and intraventricular hemorrhage. These findings support the potential val-
ue of the sFlt-1/PlGF ratio as an adjunct to conventional ultrasound and Doppler assessment for iden-
tifying growth-restricted fetuses at increased risk of adverse perinatal outcome.

Taken together, the present findings suggest that maternal angiogenic markers may provide informa-
tion about the severity of placental dysfunction and the subsequent risk of adverse neonatal outcomes 
in pregnancies with fetuses below the 10th percentile. Of the evaluated parameters, the sFlt-1/PlGF 
ratio showed relatively consistent associations with birth weight, RDS, neonatal sepsis, and IVH. 
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As the ratio integrates both the antiangiogenic and proangiogenic components of placental dysfunc-
tion, it may potentially provide a more comprehensive reflection of angiogenic imbalance than either 
marker considered separately.

Conclusion

In conclusion, maternal angiogenic imbalance was associated with fetal growth and several important 
neonatal morbidities in pregnancies with fetuses below the 10th percentile. Lower PlGF concentra-
tions and higher sFlt-1 concentrations and sFlt-1/PlGF ratios were generally associated with less 
favorable neonatal outcomes, particularly lower birth weight, respiratory distress syndrome, neonatal 
sepsis, and intraventricular hemorrhage. These findings support further investigation of angiogen-
ic markers as complementary tools for risk stratification in pregnancies complicated by suspected 
placental dysfunction. Larger prospective studies incorporating multivariable models are needed to 
determine whether these biomarkers improve prediction of neonatal outcomes beyond established 
clinical, ultrasound, and Doppler parameters.
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