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ABSTRACT

Introduction: Fetal growth restriction (FGR) is associated 
with increased perinatal morbidity and adverse long-term 
neurodevelopmental and growth outcomes. Study Design: 
Retrospective cohort study of 789 newborns with FGR delivered 
at a level III hospital (2015–2019), evaluating neonatal outcomes, 
neurodevelopment at 24–36 months, and growth beyond 4 
years. Results: Early-onset FGR accounted for 25.5% of cases. 
Prematurity, early-onset FGR, abnormal Doppler findings, 
and lower estimated fetal weight independently predicted 
neonatal morbidity and NICU admission. Neurodevelopmental 
impairment at 24-36 months was identified in 34.2% of 
assessed children. At follow-up beyond 4 years of age, 6.3% 
had persistent short stature. Growth hormone therapy showed 
favorable response.  Conclusion: FGR is a heterogeneous 
condition with outcomes strongly determined by timing of 
onset, Doppler abnormalities, and growth phenotype. Early-
onset FGR, abnormal Doppler findings, and symmetrical 
FGR, define a high-risk subgroup with significant neonatal, 
neurodevelopmental, and growth consequences, supporting 
individualized surveillance and targeted long-term follow-up.

Keywords: Fetal Growth Restriction, Neonatal Outcome, 
Neurodevelopment Outcome, Nutrition/Growth, Small-For-
Gestational-Age

INTRODUCTION

Fetal growth restriction (FGR) affects up to 10% of pregnancies 
and reflects the failure of the fetus to reach its genetically 
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determined growth potential [1-3]. International guidelines 
recommend a multimodal diagnostic approach integrating 
fetal biometry, Doppler parameters (umbilical artery, middle 
cerebral artery, cerebroplacental ratio), and markers of 
placental dysfunction (reflected by reduced placental weight) 
[1-3]. Early-onset FGR is typically associated with placental 
insufficiency and umbilical artery Doppler abnormalities, 
whereas late-onset FGR more often presents with cerebral 
redistribution as an adaptive response to chronic hypoxemia 
[1]. Placental insufficiency and Doppler abnormalities are 
strongly linked to adverse perinatal outcomes, including 
preterm birth and increased neonatal intensive care unit 
(NICU) admission [2,4]. Birthweight is a critical determinant 
of neonatal morbidity, particularly hypoglycemia, 
thermoregulatory instability, feeding difficulties, jaundice, 
and sepsis [6-8]. Reported rates of neonatal complications are 
also particularly high in early-onset or severe FGR, with NICU 
admission ranging from 45 to 70%, and perinatal mortality 
approaching 10-12% [5-7].

The consequences of FGR extend beyond the neonatal period. 
Neurodevelopmental impairment is well documented, with 
international cohorts reporting abnormal IQ scores in up to 
35% and motor difficulties in 38% of children with early-onset 
FGR. Risk factors for adverse neurodevelopment include lower 
birthweight, male sex, neonatal morbidity, and greater severity 
of FGR [8,9]. Children with early-onset FGR and persistent 
Doppler abnormalities exhibit the highest risk of cognitive 
and motor deficits persisting into early childhood [8-11].

Growth trajectories are also altered. Although 85-90% of 
children born with FGR or small for gestational age (SGA) 
achieve catch-up growth by age 2, approximately 10-15% 
remain with short stature and impaired growth velocity [12-
14]. Persistent short stature warrants evaluation for growth 
hormone (GH) therapy, and early initiation is associated with 
improved height outcomes and favourable safety profiles 
[12,15,16].

In summary, FGR is a multifactorial condition with both 
acute and chronic consequences. Antenatal parameters and 
birthweight are key for risk stratification, while neonatal 
morbidity, growth patterns, and neurodevelopmental 
outcomes guide long-term follow-up. Identifying predictive 
factors for adverse outcomes is essential to optimize 
surveillance and guide early interventions [1,2,12,13].

METHODS

Study Design and Sample

A retrospective cohort study was conducted, including 
newborns diagnosed with FGR delivered at a level III 
Portuguese hospital between January 2015 and December 
2019. Exclusion criteria included stillbirths and major 
congenital anomalies identified prenatally.

Data Collection and Variables Definition

Data collection was performed through review of electronic 
medical records. Missing values were addressed using 
complete-case analysis for each outcome. Most variables 
had less than 10% missing data, and higher proportions were 
taken into consideration in the interpretations of results. Loss 
to follow-up was documented, and children excluded from 
analyses due to genetic alterations or incomplete data were 
noted.

Three follow-up periods were analysed: the neonatal period, 
neurodevelopmental evaluation at 24-36 months, and growth 
parameters beyond 48 months of age.

FGR was defined as a fetal weight below the 10th percentile 
for gestational age on antenatal ultrasound and classified 
according to gestational age at diagnosis: early-onset FGR 
if detected at or before 32 weeks, and late-onset FGR if 
diagnosed after 32 weeks. Placental characteristic, including 
weight and Doppler flow parameters were recorded when 
available. Prenatal placental function was evaluated using 
Doppler flow parameters, with abnormal Doppler defined as 
absent or reversed end-diastolic flow in the umbilical artery 
or a cerebroplacental ratio below the 5th percentile. Placental 
weight was recorded postnatally, and low placental weight 
was defined as below the 10th percentile for gestational age.

Anthropometric measures at birth were expressed according 
to Fenton growth curves. Infants were classified as light 
for gestational age (LGA) or SGA when measures were 
below the 3rd percentile for weight or length, respectively.  
Symmetrical LGA was considered when both weight and head 
circumference were below the 3rd percentile. Screening for 
cytomegalovirus (CMV) infection in urine using molecular 
methods was performed according to clinical indication. 
Genetic investigations, including chromosomal microarray, 
karyotyping, or targeted molecular testing, were undertaken 
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when clinically justified after evaluation by a medical 
geneticist.

Neurodevelopment was evaluated in all children using the 
Mary Sheridan Developmental Assessment Scale, with those 
showing suspected delays undergoing formal assessment 
using the Ruth Griffiths Mental Development Scales between 
24 and 36 months of age. Neurodevelopmental assessment 
below the population mean was defined as a score below 85 
in any domain.

Growth outcomes beyond 48 months were assessed using 
height standard deviation scores (SDS) according to World 
Health Organization (WHO) growth charts. Short stature 
was defined as height below -2.5 SDS for age and sex. Data 
on initiation and response to growth hormone therapy were 
collected, with clinical response defined as an annual increase 
in height SDS ≥0.3-0.5 or a height velocity above -1 SDS for 
age and sex [17,18].

Statistical Analysis

Statistical analysis was performed with IBM® SPSS® Statistics 
version 28.0. Categorical variables were expressed as 
frequencies (n) and percentages (%), and continuous variables 
as means (M) and standard deviations (SD), or medians (Mdn) 
and interquartile ranges (IQR) for variables with skewed 
distributions. Normality was assessed using the Shapiro-
Wilk test. Chi-square or Fisher’s exact test for categorical 
variables, and independent samples t-tests or Mann-Whitney 
U test for continuous variables were used. Logistic regression 
was performed to explore predictive factors for different 
outcomes. All tests were two-sided, and statistical significance 
was defined as p<0.05.

RESULTS 

Study Population

A total of 789 newborns with FGR were included, accounting 
for 4.6% of births during the study period (n=17152). Early-
onset FGR accounted for approximately one quarter of cases 
(n=201, 25.5%). The median EFW was 2110g (IQR 1639-2304), 

corresponding to the 6th percentile (IQR 2-7). Abnormal 
placental Doppler flows were documented in 27.1% (n=214), 
and low placental weight was observed in 37.9% (n=299), with 
a median of 326g (IQR 272-387), corresponding to the 5th 
percentile (IQR 3-9).

Perinatal and Neonatal Characteristics

The median gestational age was 37 weeks (IQR 35-38), with 
31.8% born preterm (n=251). The median birthweight was 
2390g (IQR 1765-2490), corresponding to the 9th percentile 
(IQR 3-15). More than half of the newborns were below the 
10th percentile for birthweight (n=422, 53.5%), and one fifth 
below the 3rd percentile, thereby classified as LGA (n=171, 
21.7%). Median birth length was 45.5cm (IQR 41-46), with 
SGA status observed in 22.9% (n=181). Symmetrical LGA was 
identified in 3.2% (n=25).

LGA status was significantly more common among preterm 
newborns (OR 1.569, p=0.012), those with low placental 
weight (OR 3.303, p<0.001), early-onset FGR (OR 0.497, 
p<0.001), and those requiring NICU admission (OR 3.043, 
p<0.001). Symmetrical LGA was associated with lower EFW 
(Cohen’s d=0.995, p=0.003), prematurity (OR 3.979, p<0.001), 
early-onset FGR (OR 0.079, p<0.001), low placental weight (OR 
5.848, p<0.001), and NICU admission (OR 15.344, p<0.001). 

These results are further characterized in Table 1 and Table 2.

Acute Neonatal Outcomes

More than one quarter of newborns required NICU admission 
(n=215, 27.2%). Acute complications were recorded in 14.4% 
(n=114), the most frequent being hypoglycaemia (n=59, 
7.5%), thrombocytopenia (n=49, 6.2%), polycythaemia (n=5, 
0.6%) and necrotizing enterocolitis (n=1, 0.1%).

CMV screening was performed in 13% of newborns (n=101), 
with 5 positive results (5%). Among the higher-risk group of 
infants with early-onset FGR or symmetrical LGA (n=206), 
none tested positive. Of those high-risk infants who were 
not tested (n=157, 76%), 100 (64%) had documented “non-
immune” maternal CMV serology in the third trimester.



Martins IA, et al. © (2026).

4

DOI: https://doi.org/10.35702/neo.10030

Citation: Martins IA, et al. (2026). Impact of Fetal Growth Restriction on Neonatal Outcomes, Neurodevelopment and Growth - 
Experience of a Tertiary Center. Neonatal. 7(1):30.

CHARACTERISTICS TOTAL COHORT (n=789)

Sex, n (%)

Male

Female

368 (46.6)

421 (53.4)
Fetal Growth Restriction, n (%)

Early-onset FGR

Late-onset FGR

201 (25.5)

588 (74.5)

Estimated Fetal Weight
Median EFW, g (IQR)

Median EFW percentile (IQR)
2110g (1639-2304)

6 (2-7)

Placental Doppler Flow, n (%)

Normal Doppler flow

Abnormal Doppler flow

214 (27.1)

575 (72.9)

Placental Weight

Median placental weight, g (IQR)

Median placental weight percentile (IQR)

Placental weight <P10, n (%)

326 (272-387)

5 (3-9)

299 (37.9)

Gestational Age

Median gestational age, weeks (IQR)

Preterm, n (%)

37 (35-38)

251 (31.8)

Anthropometric Measures at Birth

Median birthweight, g (IQR)

Median birthweight percentile (IQR)

Birthweight <P3, n (%)

Birthweight <P10, n (%)

Median length, cm (IQR)

Median length percentile (IQR)

Length <P3, n (%)

Median head circumference, cm (IQR)

Median head circumference percentile (IQR)

Head circumference <P3, n (%)

Symmetrical light for gestational age

2390 (1765-2490)

9 (3-15)

171 (21.7)

422 (53.5)

45.5 (41-46)

11 (3-19)

181 (22.9)

32.5 (30-33)

25 (9-42)

70 (8.9)

25 (3.2)

Table 1: Perinatal and neonatal characteristics of the study population.
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VARIABLE LGA NOT- LGA
OR 

(CI 95%)
p-value SYMMETRICAL LGA NOT-SYMMETRICAL LGA

OR 

(CI 95%)
p-value

Early-onset FGR 31.3% 18.5%
0.497

(0.3-0.7)
<0.001 10.0% 0.9%

0.079

(0.0-0.2)
<0.001

Abnormal Doppler flow 28.4% 27.8% - 0.644 50.0% 27.3% - 0.317

Low placental weight 36.8% 15.0%
3.303 

(2.2-5.0)
<0.001 6.7% 1.2%

5.848 

(1.7-19)
0.001

Prematurity 27.1% 19.1% 1.569 (1.1-2.2) 0.012 6.4% 1.7%
3.979

(1.7-9.1)
<0.001

CMV infection 1.2% 0.8% - 0.257 0.0% 0.8% - 0.447

NICU admission 36.7% 16.0%
3.043

(2.1-4.3)
<0.001 9.8% 0.7%

15.344

(5.2-45)
<0.001

Table 2: Perinatal characteristics according to birthweight phenotype.

Genetic investigations were conducted in 5.6% (n=44), and 
alterations were identified in 1.4% (n=11). These included 
chromosomal syndromes (trisomy 21, chromosomal anomaly 
involving chromosome 16, 1q21.1 microdeletion syndrome), 
monogenic syndromes with identified mutations (GNAS, 
SHOX, ZMYM3, MYT1L), and clinically recognized syndromes 
(acrodisostosis type 1, Barth syndrome, cerebellar atrophy 
with short stature and lipodystrophy phenotype, and an 
unspecified polymalformative syndrome).

The overall neonatal mortality rate was 1.3% (n=10), 
corresponding to 4.7% of NICU admissions. Causes of 
death included severe neurological events (intraventricular 
haemorrhage with infarction, hypoxic-ischemic 
encephalopathy after cardiorespiratory arrest (n=2), refractory 
metabolic acidosis with suspected mitochondrial disease), 
respiratory causes (bilateral tension pneumothorax, massive 
pulmonary haemorrhage (n=2), refractory respiratory failure), 

refractory septic shock, and necrotizing enterocolitis with 
multiorgan dysfunction.

Independent predictors of acute neonatal complications were 
prematurity (OR 3.956, p<0.001), LGA (OR 2.502, p=0.001), 
lower EFW (OR 0.99, p<0.001) and lower Apgar score (OR 
0.779, p=0.034) (Hosmer-Lemeshow: χ²(8)=2.985, p=0.935). 
NICU admission was independently predicted by prematurity 
(OR 19.571, p<0.001), symmetrical LGA (OR 9.947, p=0.006), 
LGA (OR 3.778, p<0.001), early-onset FGR (OR 2.628, p=0.001), 
lower EFW (OR 0.99, p<0.001), and lower Apgar scores (OR 
0.438, p<0.001) (Hosmer-Lemeshow: χ²(8)=7.146, p=0.521). 
Although lower EFW was statistically associated with both 
acute complications and NICU admission, the effect size 
was small (OR 0.999). Abnormal placental Doppler flow was 
significantly more common among NICU-admitted newborns 
(OR 1.889, p<0.001). These results are further characterized in 
Table 3.

A. Neonatal complications.

VARIABLE aOR CI (95%) p-value

Prematurity 3.956 2.404-7.672 <0.001

LGA 2.502 1.439-4.349 0.001

EFW 0.999 0.998-1.0 <0.001

Apgar Score 5’ 0.779 0.619-0.982 0.034



Martins IA, et al. © (2026).

6

DOI: https://doi.org/10.35702/neo.10030

Citation: Martins IA, et al. (2026). Impact of Fetal Growth Restriction on Neonatal Outcomes, Neurodevelopment and Growth - 
Experience of a Tertiary Center. Neonatal. 7(1):30.

B. NICU admission.

VARIABLE aOR CI (95%) p-value

Prematurity 19.571 10.337-37.056 <0.001

Symmetrical LGA 9.947 1.909-51.848 0.006

LGA 3.778 1.897-7.524 <0.001

Early-onset FGR 2.628 1.456-4.744 0.001

EFW 0.999 0.310-0.619 <0.001

Apgar Score 5’ 0.438 0.998-0.999 <0.001

Table 3: Multivariable logistic regression analyses for neonatal outcomes.

Neurodevelopmental Outcomes

Formal evaluation with the Ruth Griffiths Mental Development 
Scales were available for 108 children, accounting for 14.1% of 
the cohort, with a median age of 35 months (IQR 34–36).

Compared with children without follow-up data, those assessed 
did not differ significantly in sex distribution (p=0.121), 
presence of Doppler alterations (p=0.201), placental weight 
(p=0.377), or CMV positivity (p=0.771). However, assessed 
infants had a higher incidence of neonatal complications 
(66.9% vs. 15.6%, p<0.001), early-onset FGR (50.3% vs. 18.1%, 
p<0.001), lower birthweight percentiles (median 9.41 vs. 14.69, 
p<0.001), and were born at a lower gestational age (median 
34.16 vs. 37.39 weeks, p<0.001), suggesting that the follow-up 
subset represented a slightly higher-risk population.

The median general quotient of development (GQD) was 
below the population mean in 34.2% (n=37). Oculomotor 
coordination and language were the most frequently affected 

domains, with 54.6% (n=59) and 48.1% (n=52) children, 
respectively, scoring below the expected range.

Children with abnormal Doppler findings had significantly 
lower GQD (p=0.012), as well as in specific domains, particularly 
locomotor (p=0.001), eye-hand coordination (p=0.011), and 
performance (p=0.017) scores. Prematurity was associated 
with lower global (p=0.046), personal-social (p=0.040), and 
language (p=0.005) scores. CMV infection was associated with 
impaired neurodevelopment across several domains: global 
(p=0.005), locomotor (p=0.019), personal-social (p=0.013), 
language (p=0.011), and performance (p=0.049). These results 
are represented in Figure 1 and Table 4.

NICU admission (OR 8.331, p=0.048), abnormal Doppler 
flows (OR 3.592, p=0.032), prematurity (OR 0.278, p=0.031), 
and symmetrical LGA (OR 0.111, p=0.014) were identified 
as independent predictors of altered neurodevelopmental 
outcomes (Hosmer-Lemeshow: χ²(4)=1.784, p=0.775), as 
depicted in Table 4B.

Figure 1: Neurodevelopmental outcomes according to the Ruth Griffiths Mental Development Scales (n=108).
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Table 4 Shows characterization and multivariable logistic regression analysis for neurodevelopment outcomes according to the 
Ruth Griffiths Mental Development Scales GQD score (n=108).

VARIABLE
LOWER THAN 

AVERAGE  GQD 
SCORE

NORMAL 

GQD SCORE

OR 

(CI 95%)
p-value

Early-onset FGR 58.5% 47.3% - 0.587

Abnormal Doppler flow 46.7% 27.3%
2.333

(0.972-5.599)
0.012

Low placental weight 56.6% 43.4% - 0.576

Prematurity 46.2% 28.4%
0.463

(0.186-1.149)
0.046

CMV infection 3.8% 1.3%
2.537

(1.972-4.440)
0.005

NICU admission 67.9% 55.9% - 0.620

LGA 35.8% 28.4% - 0.388

Symmetrical LGA 36.2% 18.4%
1.430

(1.132-4.344)
0.047

Table 4A: Characterization of neurodevelopment outcomes.

Table 4B: Multivariable logistic regression analysis for neurodevelopment outcomes.

VARIABLE aOR CI (95%) p-value

NICU admission 8.331 0.979-70.882 0.048

Abnormal Doppler flow 3.592 1.301-9.917 0.032

Prematurity 0.278 0.278-0.891 0.031

Symmetrical LGA 0.111 0.684-0.734 0.014

Growth Parameters Assessment 

Growth data after 48 months were available for 682 children 
(86.4%), at a median age of 61 months (IQR 53–63). Median 
height corresponded to the 42nd percentile (IQR 18–70), with 
6.3% (n=43) classified as having short stature. Height at follow-
up correlated with birth length (Spearman’s p=0.160, p<0.001) 
and EFW (Spearman’s p=0.108, p=0.005).

Short stature was more frequent among preterm infants (OR 
1.861, p=0.049), SGA (OR 3.601, p<0.001), LGA (OR 2.417, 
p=0.006), symmetrical LGA (OR 3.583, p<0.001), early-onset 
FGR (OR 0.297, p<0.001), and those requiring NICU admission 
(OR 2.253, p=0.010). Logistic regression confirmed early-
onset FGR (OR 15.60, p=0.015) and SGA (OR 5.509, p=0.035) 
as independent predictors of short stature beyond 4 years 
(Hosmer-Lemeshow: χ²(3)=0.242, p=0.971), as seen in Table 5.

Growth Hormone Therapy

Among LGA/SGA children who later presented with 
short stature (n=18), 10 (56%) were referred to Paediatric 
Endocrinology, the remaining being lost to follow-up. GH 
therapy was initiated in 6 children (60% of those referred). 

Treatment began at a median age of 57 months (IQR 52-84), 
with a median baseline height SDS of -2.46 (IQR -3.02 to -2.31) 
and median growth velocity SDS of -1.21 (IQR -1.35 to -0.91). 
After two years, 4 out of 5 patients with complete follow-
up (1 patient had less than 12 months of therapy) met the 
established response criteria, with improved median height 
SDS (-2.05, IQR -2.91 to -1.71) and growth velocity SDS (0.00, 
IQR -0.67 to +0.14). Early-onset FGR (OR 7.829, p=0.045) and 
SGA (OR 9.427, p=0.047) were identified as independent 
predictors for GH therapy initiation (Hosmer-Lemeshow: 
χ²(8)=0.850, p=0.971), as seen in Table 5C.
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Table 5 Shows characterization and multivariable logistic regression analysis for growth outcomes (n=682).

VARIABLE SHORT STATURE
NOT- 

SHORT STATURE

OR 

(CI 95%)
p-value

Early-onset FGR 13.0% 4.3%
0.297 

(0.159-0.557)
<0.001

Abnormal Doppler flow 43.2% 27.0% - 0.681

Low placental weight 50.0% 37.3% - 0.768

Prematurity 9.0% 5.1%
1.861

(0.996-3.478)
0.049

CMV infection 0.0% 0.8% - 0.435

NICU admission 10.4% 4.9%
2.253

(1.197-4.240)
0.010

LGA 11.3% 5.0%
2.417

(1.264-4.623)
0.006

Symmetrical LGA 38.6% 14.5%
3.583

(2.384-8.196)
<0.001

SGA 13.7% 4.2%
3.601

(1.922-6.748)
<0.001

Table 5A: Growth outcomes.

VARIABLE aOR CI (95%) p-value

Early-onset FGR 15.60 1.721-141.371 0.015

SGA 5.509 1.130-26.867 0.035

Table 5B: Short stature.

VARIABLE aOR CI (95%) p-value

Early-onset FGR 7.829 0.855-71.693 0.045

SGA 9.427 1.030-86.253 0.047

Table 5C: Growth hormone therapy.

DISCUSSION

This large single-center cohort provides a comprehensive 
overview of perinatal and early-childhood outcomes in 
pregnancies affected by FGR. Consistent with recent systematic 
reviews and multicenter studies, early-onset FGR, prematurity, 
abnormal placental Doppler flows, and symmetrical LGA 
status emerged as the strongest independent predictors of 
adverse outcomes [1,2].

Prematurity was the dominant determinant of NICU 
admission, while early-onset FGR and Doppler abnormalities 
contributed substantially to acute neonatal morbidity. These 
associations mirror published data showing that early-onset 
FGR carries a markedly higher risk of perinatal death and 
severe neonatal complications [1,2,5,19]. The observed rates 
of NICU admission and acute morbidity in this study fall 
within the ranges reported in recent international cohorts, 
supporting the external validity of our findings [5,6].
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Neurodevelopmental outcomes also align with the literature. 
Children with early-onset FGR, prematurity, and abnormal 
Doppler findings demonstrated lower cognitive, motor, 
and language scores at 24-36 months, consistent with prior 
meta-analyses and prospective cohorts [10,20,21]. Formal 
neurodevelopmental assessment was available in only 14.1% 
of the cohort, representing an important limitation. However, 
this reflects routine clinical practice, in which formal testing 
using the Ruth Griffiths Mental Development Scales is reserved 
for children with suspected developmental concerns following 
initial screening. As a result, the assessed subgroup represents 
a higher-risk population, characterized by lower gestational 
age, lower birthweight, and a greater burden of neonatal 
morbidity. This referral-based follow-up strategy introduces a 
potential selection bias, limiting the ability to estimate the true 
prevalence of neurodevelopmental impairment in the overall 
FGR population. While the associations identified between 
abnormal Doppler findings, NICU admission, prematurity, 
and adverse neurodevelopmental outcomes are biologically 
plausible and consistent with previous literature, the 
magnitude of observed impairment may be overrepresented 
in this subgroup.

Growth parameters assessment further highlights the 
heterogeneity of postnatal trajectories. While most children 
achieved catch-up growth by age four, a relevant proportion 
showed persistent short stature. This aligns with reports 
indicating that 10-15% of LGA/SGA children fail to achieve 
spontaneous catch-up growth [12,13]. Importantly, early-
onset FGR and SGA were independent predictors of the 
need for GH therapy in our cohort, supporting prior evidence 
that the severity and timing of FGR are key determinants of 
treatment need [14]. Treatment response after two years was 
favourable in most children, echoing previously published 
data showing improved height trajectories with early GH 
initiation [12,15,16].

CONCLUSION

Overall, this study reinforces the substantial heterogeneity 
of FGR and highlights the prognostic value of combining 
gestational age at onset, fetal growth patterns, and Doppler 
findings. Early-onset FGR with Doppler abnormalities, 
especially symmetrical restriction, represents a high-risk 
phenotype. These findings are aligned with current evidence 
and support individualized surveillance and early intervention 
in high-risk subgroups. Future prospective, standardized 
follow-up studies are needed to refine prediction models and 
optimize long-term outcomes in children affected by FGR.

Strengths and Limitations

A major strength of this study is the integration of detailed 
perinatal and early-childhood follow-up data within a well-
characterized cohort. This allowed a robust analysis of 
predictors from fetal assessment through long-term outcomes. 

However, several limitations should be acknowledged. First, 
the single-center design may limit generalizability, although 
outcome rates were comparable to international cohorts. 
Second, despite the large initial sample, losses to follow-up, 
the exclusion of children with major genetic diagnoses, and 
the inherent variability in early-childhood assessments may 
limit precision in estimating long-term outcomes.
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