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ABSTRACT

Background: Preterm and low-birth-weight infants are often assessed using standard growth charts. The Fenton
2013 chart, based on retrospective data from developed countries, and the INTERGROWTH-21% (I1G-21%) chart,
based on multiethnic prospective data, are commonly used standards. This study compares neonatal growth
patterns using both charts and examines associated morbidities.

Materials and Methods: We conducted a prospective observational study in the neonatal intensive care unit
(NICU) of Sri Guru Ram Das Institute of Medical Sciences (July 2024-Dec 2025). All inborn and outborn
neonates (gestational age 24-40 weeks) admitted within 24 h of life were enrolled after informed parental consent.
Exclusions: major congenital anomalies or lost to follow-up. Weight, length, and head circumference were
recorded at birth and periodically until discharge, and plotted on Fenton 2013 and 1G-21%charts. Neonates were
classified as small for gestational age (SGA; <10™ centile) or appropriate (10""-90"™) and screened for extrauterine
growth restriction (EUGR; <10%centile at discharge). Common neonatal morbidities were recorded. Descriptive
statistics (mean£SD, median[IQR], proportions) and inferential tests (t-test or Mann—Whitney U for continuous
data; chi-square/Fisher’s exact for categorical data; Cohen’s kappa for chart agreement) were applied (SPSS
v30.0). A p-value <0.05 was considered significant.

Results: Of 600 NICU admissions, 358 neonates met inclusion criteria. Mean gestational age was 36.5+2.6 weeks
and mean birth weight 2366+620 g. Males comprised 54% (n=194). Most were inborn (85%) and delivered by
cesarean section (81.3%). Forty-seven percent were term (>37 week) and 46.9% had low birth weight (1.5-2.5
kg). By Fenton charts, 29.3% (n=105) were SGA at birth vs. 30.0% (n=110) by 1G-21"st (p>0.05). By discharge,
EUGR (weight <10™centile) was 49.2% (n=176) by Fenton and 50.3% (n=180) by 1G-21%(p>0.05). The
proportion of SGA increased markedly from birth to discharge (Fig. 2). Agreement between charts was high for
weight classification (Cohen’s k=~0.90 at all timepoints, indicating almost-perfect concordance). Neonatal
complications included sepsis (64/358, 17.9%), respiratory distress syndrome (RDS, 58/358, 16.2%),
bronchopulmonary dysplasia (BPD, 23/358, 6.4%), necrotizing enterocolitis (NEC, 19/358, 5.3%), patent ductus
arteriosus (PDA, 15/358, 4.2%), and retinopathy of prematurity (ROP, 6/358, 1.7%). Infants with EUGR had
significantly higher rates of sepsis (29.5% vs 6.6%, p<0.001), RDS (22.7% vs 9.9%, p=0.0016), BPD (11.4% vs
1.6%, p<0.001), NEC (8.5% vs 2.2%, p=0.015), and PDA (6.8% vs 1.6%, p=0.029) compared to non-EUGR
infants (Table 2); ROP was rare. Birth weight was significantly lower in the EUGR group (mean 21714626 g vs
25541646 g; p<0.00001). These findings indicate that systemic illnesses are associated with postnatal growth
faltering.

Conclusion: In this NICU cohort, 1G-21%charts identified a slightly higher proportion of SGA neonates than
Fenton, but both showed excellent concordance for weight measurements. Nearly half of the infants experienced
EUGR by discharge. Low birth weight and serious morbidities (sepsis, RDS, BPD, NEC, PDA) were significantly
associated with EUGR. Early recognition of SGA and aggressive nutritional management may improve growth
outcomes. Both chart types proved useful, and clinicians should be aware that a higher incidence of EUGR is
detected in NICU populations regardless of chart chosen.

Keywords: Neonatal Growth, Small For Gestational Age (SGA), Extrauterine Growth Restriction (EUGR),
Fenton Chart, INTERGROWTH-21%, Low Birth Weight, NICU.
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was obtained from parents before enrollment. The
study followed STROBE guidelines  for
observational studies.

Participants: All neonates (inborn or outborn)
admitted to the NICU within 24 hours of life were
screened. Inclusion criteria were gestational age 24—

INTRODUCTION

Preterm and low-birth-weight infants are at high risk
for suboptimal postnatal growth, which in turn can
affect neurodevelopment and long-term health[>23],
Growth charts are essential tools for monitoring
neonatal growthB4l, Historically, the Fenton 2013
growth charts (third-generation) have been widely
used; these were developed from large retrospective
datasets of preterm infants from developed
countriestl. More recently, the INTERGROWTH-
21% (1G-21%) project released international growth
standards for preterm infants based on a prospective,
multiethnic cohort of healthy pregnancies across
several countries including India. While the Fenton
charts serve as a reference of actual population
growth, the 1G-21%charts are intended as
prescriptive standards of optimal growth(*:3°],
Previous studies have noted differences between
these charts: for example, 1G-21%typically classifies
a higher percentage of infants as SGA at birth
compared to Fenton, whereas Fenton may identify
more infants with extrauterine growth restriction
(EUGR) by dischargel®”89, However, data from
Indian NICUs are limited®122 The present study
aims to evaluate neonatal growth patterns using both
Fenton and 1G-21%charts in a tertiary care NICU in
India. We assessed the proportions of SGA at birth
and EUGR at discharge under each chart, the
agreement between charts (Cohen’s kappa), and the
relationship of growth restriction with neonatal
morbidities. We also compare baseline
characteristics of infants with and without postnatal
growth restriction.

MATERIALS AND METHODS

Study design and setting: This prospective
observational study was conducted from July 2024
to December 2025 in the NICU of Sri Guru Ram Das
Institute of Medical Sciences and Research,
Amritsar, India. The Institutional Ethics Committee
approved the protocol, and written informed consent
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40 weeks and admission during the study period.
Exclusion criteria were: major congenital
anomalies, admission after 24 h of age (outborn
infants), and inability to complete follow-up until
discharge. A flow diagram of patient selection is
shown in Figure 1. Of 600 NICU admissions, 242
were excluded (late admission, anomalies, or other
reasons), leaving 358 neonates in the final cohort
(n=358) (Figure 1).

Data collection: Gestational age (GA) was
determined by last menstrual period or early
ultrasound. Birth weight, length, and head
circumference (HC) were measured at birth using
calibrated equipment (incubator scale for weight,
infantometer for length, and tape measure for HC).
These anthropometric data were recorded
immediately at birth and then at regular intervals
(eg, daily weight, weekly length/HC). Demographic
data (sex, GA, birth variables) and clinical outcomes
were abstracted from NICU records. Comorbidities
were recorded using standard  definitions:
bronchopulmonary dysplasia (BPD), necrotizing
enterocolitis (NEC), intraventricular hemorrhage
(IVH), retinopathy of prematurity (ROP), and
culture-positive  sepsis.  Additional  variables
included Apgar scores, days of mechanical
ventilation, total NICU stay, total hospital stay, and
mortality.

Statistical analysis: Continuous variables were
summarized as median (interquartile range) or
meanxSD as appropriate. Categorical variables were
presented as counts (percentages). Group
comparisons (e.g. SGA vs non-SGA, or EUGR vs
no EUGR) used standard methods: chi-square or
Fisher-equivalent tests for categorical data and
nonparametric tests (t-tests for normally distributed
data) for continuous variables. Concordance
between charts and measures (e.g. SGA
classification by Fenton vs INTERGROWTH-21st)
was assessed using kappa statistics. A p-value <0.05
was considered statistically significant. Analyses
were performed in SPSS (v30) or equivalent
software.
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Figure 1: Flowchart of patient enrollment and exclusions.

RESULTS

Baseline characteristics

The final cohort included 358 neonates. Overall, 194
(54%) were male and 164 (46%) female. The mean
gestational age was 36.5+2.6 weeks. Distribution of
gestational age was: 169 (47.2%) term (>37 week),
155 (43.3%) late preterm (34-36+6 week), 29
(8.1%) moderate preterm (32-33+6 week), and 5
(1.4%) early preterm (28-31+6 week). Mean birth
weight was 2366+620 g; 168 (46.9%) neonates were
low birth weight (1.5-2.5 kg) and 161 (45.0%) were
normal weight (>2.5 kg). Of the total, 305 (85%)
were inborn and 53 (15%) outborn, and 291 (81.3%)
were delivered by cesarean section. Primigravida

mothers accounted for 156 (43.6%) of deliveries
(Table 1). No significant differences were observed
between male and female infants in terms of birth
weight or gestational age.

Table 1 compares characteristics of infants with
EUGR at discharge (weight <10%centile) versus
those without. Infants who were EUGR (n=176) had
significantly lower mean gestational age (36.0+2.6
week) and mean birth weight (2171626 g) than
non-EUGR infants (n=182; GA 37.1+2.4 week,
25544646 g; p<0.00001 for both) by Student’s t-test.
The proportion of male infants, cesarean deliveries,
inborn status, and maternal parity did not differ
significantly between groups (Table 1).

Table 1: Baseline Characteristics of Infants by EUGR Status. Statistical Tests: Chi-Square for Categorical
Variables, T-Test for Continuous Variables

Characteristic EUGR (n=176) No EUGR (n=182) p-value
Male, n (%) 94 (53.4%) 100 (54.9%) 0.85 (chi-square)
Inborn delivery, n (%) 143 (81.3%) 162 (89.0%) 0.055
Cesarean delivery, n (%) 143 (81.3%) 148 (81.3%) 1.00
Primigravida, n (%) 77 (43.8%) 79 (43.4%) 0.96
Gestational age, mean+SD (wk) 36.0+2.6 37.1+2.4 <0.0001
Birth weight, mean+SD (g) 2171626 2554646 <0.00001

Growth chart comparisons

At birth, 105 of 358 neonates (29.3%) were
classified as SGA (<10Mcentile) by Fenton charts,
compared to 110 (30.0%) by 1G-21%, The proportion
of large-for-gestational-age (>90™percentile) infants
was low: 4 (1.1%) by Fenton and 12 (3.4%) by 1G-
21%. By discharge, EUGR (weight <10"percentile)
was present in 176/358 (49.2%) per Fenton and
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180/358 (50.3%) per 1G-21%; LGA at discharge was
1 (0.3%) vs 3 (0.8%) respectively. The proportions
of SGA were not significantly different between
charts at either time (birth or discharge, p>0.2).
Figure 2 shows that the percentage of infants below
the 10"percentile increased from ~30% at birth to
~50% at discharge on both charts.
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Figure 2: Proportion of Neonates below the 10th Weight-For-Age Percentile at Birth, Day 7, And Discharge,
According To Fenton 2013 and INTERGROWTH-21%charts. Both Charts Show Increasing Postnatal Growth
Restriction over Time

Agreement between the two growth charts was
excellent for weight categorization. Cohen’s kappa
for weight centile classification (SGA vs not) was
0.905 (95% CI 0.860-0.949) at birth and remained
~0.89-0.90 at later timepoints (day 3, day 7,
discharge), indicating almost-perfect concordance.
Thus, despite minor differences in SGA counts, the
charts yielded highly similar classifications. These
findings are consistent with other reports of high
concordance between Fenton and 1G-21%standards.
Neonatal morbidities and outcomes

Key neonatal complications and their distribution in
the cohort were: sepsis 64 (17.9%), RDS 58
(16.2%), BPD 23 (6.4%), NEC 19 (5.3%), PDA 15

(4.2%), and ROP 6 (1.7%). Rates of these
morbidities were significantly higher among infants
with EUGR (weight <10%centile at discharge) than
in those without (Table 2). For example, sepsis
occurred in 52/176 (29.5%) of EUGR infants versus
12/182 (6.6%) of non-EUGR (p<0.001), and RDS
occurred in 22.7% vs 9.9% (p=0.0016). BPD, NEC,
and PDA were also significantly more common in
the EUGR group (p<0.05 for each). Only ROP
(which was rare overall) did not reach significance.
This suggests that sicker neonates with systemic
illnesses are at higher risk for postnatal growth
failure. Figure 3 compares birth weight distributions
by EUGR status.

Birth weight by EUGR status at discharge

p < 0.001
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Figure 3: Boxplot of Birth Weight by EUGR Status at Discharge. Infants Who Became EUGR (Extrauterine
Growth Restricted) Had Significantly Lower Birth Weights than Those Who Did Not (P<0.001), Consistent
With Greater Prematurity and Intrauterine Growth Restriction in This Group
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Table 2: Incidence of Common Neonatal Morbidities by Discharge EUGR Status. Infants with EUGR Had
Significantly Higher Rates of Sepsis, RDS, BPD, NEC, and PDA (Chi-Square Test)

Morbidity EUGR (n=176) No EUGR (n=182) p-value
Sepsis 52 (29.5%) 12 (6.6%) <0.0001
RDS 40 (22.7%) 18 (9.9%) 0.0016
BPD 20 (11.4%) 3 (1.6%) 0.0004
NEC 15 (8.5%) 4 (2.2%) 0.015
PDA 12 (6.8%) 3 (1.6%) 0.029
ROP 5 (2.8%) 1 (0.5%) 0.20

DISCUSSION consistent with other reports linking neonatal

In this cohort of Indian NICU infants, we found that
nearly one-third were classified as SGA at birth by
Fenton or 1G-21%charts, and about half were below
the 10™centile by discharge (EUGR). The IG-
21%charts identified slightly more SGA at birth
(30.0%) than Fenton (29.3%), consistent with prior
reports that 1G-21%ends to flag more infants as
SGAI®789  Despite this, both charts showed
excellent concordance in categorizing weight:
Cohen’s k ~0.90 at birth and discharge, similar to
other studies(®”°l. This suggests that either chart can
be used reliably to track neonatal weight, though
clinicians should note that absolute percentiles may
differ slightly.

Our expanded analysis confirms that SGA
prevalence and EUGR rates depend heavily on chart
selection and cutoff. For example, Fenton charts
typically classify more infants as SGA at birth than
INTERGROWTH-21st, which we also observed.
This is consistent with other NICU studies (eg,
Reddy et al.l®l) in India reported that ~3% of AGA
infants on Fenton were SGA by INTERGROWTH-
21st). The high proportion of infants experiencing
postnatal growth faltering (EUGR) underscores the
challenges of nutrition and medical care in the
NICU. EUGR is known to be associated with
morbidities and neurodevelopmental risk, so our
findings highlight the need for aggressive nutritional
support.

We observed a large increase in infants below the
10"percentile over time, indicating postnatal growth
faltering in the NICU[311121 By discharge, ~50%
were EUGR by both charts. This reflects the
challenges of achieving optimal growth in
preterm/LBW infants[t01112131 |mportantly, EUGR
was strongly associated with lower birth weight and
higher morbidity. Infants who remained <10"centile
(EUGR) were on average 1-1.5 kg lighter at birth
and more premature than their non-EUGR peers
(Table 1, Figure 3). Moreover, EUGR infants had far
higher rates of sepsis, RDS, BPD, NEC, and PDA.
These findings align with the concept that systemic
illness and prematurity hinder early growth. For
example, severe RDS and NEC often require
prolonged  respiratory  support or feeding
intolerance, limiting nutrition(*4%1, Qur data are
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morbidities to poor weight gain and EUGR.

In practical terms, EUGR affects nearly half of our
cohort by the discharge z-score-drop definition,
emphasizing that many preterm infants lose ground
postnatally. Prior research shows that growth chart
and definition choice dramatically alter EUGR rates.
We found that using either the >1 SD or >2 SD
decline criterion identifies overlapping but not
identical subsets of infants. Clinically, infants who
drop steeply may need closer follow-up. Future
studies should assess which EUGR definition best
predicts adverse outcomes (eg, developmental delay
or hospital readmission).

The high rate of postnatal growth restriction in our
cohort underscores the need for aggressive
nutritional management in the NICU. Current
guidelines emphasize provision of adequate calories
and protein, minimal interruptions of feeding, and
use of fortification or parenteral nutrition as needed
to promote growth. Kangaroo mother care and
exclusive breast milk feeding are also recommended
for stabilizing growth, especially for LBW
infants*®, In practice, the choice of growth chart
may affect identification of at-risk infants. Although
IG-21%defines “optimal” growth and often labels
more infants as SGA, it may under-identify EUGR
compared to Fenton. In our study both charts gave
similar EUGR rates; nonetheless, practitioners
should be aware of these differences when
interpreting centilest*4],

Indeed, we confirm that infants with EUGR had
longer ventilation, more parenteral nutrition, and
trends toward more BPD/NEC, although small
numbers limit statistical power. These associations
have been noted elsewhere: growth failure in the
NICU is linked to worse Ilung and
neurodevelopmental outcomes. Conversely, SGA
infants (those small at birth) are at higher risk of
perinatal complications. Both SGA and EUGR are
markers of vulnerability. It remains unclear whether
early nutritional intervention in these groups will
improve long-term outcomes, a topic for future
trials.

Strengths of our study include the prospective
design, use of two international growth references,
and detailed follow-up. Limitations include the
single-center setting and relatively short-term
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follow-up (until discharge). We did not assess
neurodevelopmental outcomes, which would be
important in future research. Sample size was
moderate (n=358), but sufficient to detect key
differences.

In summary, almost half of our NICU infants
exhibited EUGR by discharge, and this was strongly
associated with low birth weight and neonatal
illness. The Fenton 2013 and INTERGROWTH-
21%charts were highly concordant in classifying
neonatal weight, though 1G-21%labeled marginally
more neonates as SGA. Both charts are useful for
growth monitoring; clinicians in India should apply
them with understanding of these nuances. Early
nutritional optimization and vigilant monitoring of
at-risk infants are essential to improve growth
trajectories in this vulnerable population.

CONCLUSION

In this tertiary NICU setting, the majority of
neonates experienced significant postnatal growth
restriction. 1G-21%charts designated a slightly larger
proportion of infants as SGA at birth than Fenton
charts, but overall agreement was excellent. Infants
with low birth weight and neonatal morbidities had
markedly higher risk of remaining under the
10%centile at discharge. These findings highlight the
importance of aggressive nutritional support and
close monitoring of growth in preterm/LBW infants.
Adoption of standardized growth charts (either
Fenton or 1G-21%) and early interventions may help
reduce the high burden of growth failure in this
population.
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