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ABSTRACT

Objectives: Proper infant classification, particularly a preterm infant, as small or large for gestational age, is crucial to
undertake activities to improve postnatal outcomes.

This study aimed to assess the usability of the Fenton preterm growth charts to evaluate the anthropometric parameters
of Polish preterm neonates.

Material and methods: In this single-center, retrospective study data extracted from the medical documentation of preterm
neonates born 2002-2013 were analyzed. Body weight, body length, and head circumference were evaluated and used to
develop growth charts, which were compared with the reference Fenton growth charts.

Results: This study included 3,205 preterm neonates, of whom 937 were born before 30 weeks of pregnancy. Overall, 11.04%,
3.3%, and 5.2% of neonates were below the 10t percentile on the Fenton charts for birth weight, body length, and head
circumference, respectively. Only 26 (6.67%) of 390 analyzed anthropological parameters differed significantly between
the study and the Fenton groups. Statistically significant differences between the study and the Fenton populations were
found only in body length for both sexes, and in head circumference for female neonates.

Conclusions: The growth charts developed in this study for a population of Polish preterm neonates corresponded to the
Fenton charts in terms of birth weight but differed in terms of body length and head circumference. Our findings suggest
the need to evaluate growth charts for Polish preterm newborns.
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INTRODUCTION

Globally, approximately 15 million infants are born
prematurely each year [1]. Complications associated with
preterm birth are the leading cause of death in children
under five years of age, accounting for more than one-third
of deaths among neonates [2]. In Europe in 2014, 8.7% of all
births were preterm [3]. In Poland, the preterm birth rate has
remained stable since 1996, and preterm neonates consti-
tute approximately 6-7% of all neonates [3], corresponding
to 30,000 births annually.

Birth weight is a key contributor to newborn mortality
and developmental alterations. Birth weight is the primary
indicator used in epidemiological reports; however, it only
poorly characterizes newborn maturity. Nevertheless, it
reflects the role of genetic and nutritional factors and allows
dystrophic neonates to be distinguished independently of
their gestational age.
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For neonate assessment, growth charts are used to
evaluate birth weight, length, and head, abdominal, and
chest circumference [4]. Yudkin et al. [5], developed fetal
growth charts for the British population in 1987, and more
recently Dubiel et al. [6], developed growth charts for the
Polish population.The Polish Neonatal Society recommends
application of the Fenton’s growth charts to evaluate pre-
term newborns with a gestational age of 23-32 weeks [7].
These charts were initially developed by Fenton et al. [8]
in 2003, based on systematic review and meta-analysis of
published reference studies. In 2013, Fenton et al. [7], pub-
lished a revised version of these charts, resulting from a large
meta-analysis including nearly 4 million preterm births in
Germany, the USA, Italy, Australia, Scotland, and Canada. Re-
cently, Kajdy et al. [9], developed growth charts for a popula-
tion of nearly 38,000 Polish singleton neonates, excluding
those with major congenital defects and infections.
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Objectives

Proper infant classification, particularly a preterminfant,
as small or large for gestational age, is crucial to undertake
activities to improve postnatal outcomes. This study aimed
to assess the usability of the Fenton preterm growth charts
to evaluate Polish preterm newborns, which is in line with
the current Polish Neonatal Society recommendations.
To do so, we developed for the first-time growth charts for
Polish preterm neonates (from the Masovian region) and
compared them with the Fenton growth charts.

MATERIAL AND METHODS

This retrospective study was based on data extracted
from the medical documentation of pregnant women and
neonates born at the Second Department of Obstetrics
and Gynecology, Medical University of Warsaw, Poland, and
hospitalized at the Neonatal and Intensive Care Depart-
ment, Medical University of Warsaw, between 1.01.2002 and
31.12.2013.The study was approved by the Bioethics Com-
mittee of the Medical University of Warsaw. All neonates
born before 37 weeks of gestation were considered preterm
and included in the study. Gestational age was determined
based on the date of the first day of the last menstrual
period, recorded in the hospital medical documentation
or maternity notes. Moreover, a first-trimester ultrasound,
during which gestational age was determined by fetal bi-
ometry, was routinely performed at our center.

Body weight, length, and head circumference were
evaluated and used to develop the growth charts. For some
neonates, particularly those who were extremely immature,
only weight and length measurements were conducted due
to their poor condition at birth.

Birth weight measurements were performed using dedi-
cated WPT 6/15D neonatal scales (Radwag, Poland) located
in delivery and operating rooms. Length and head circumfer-
ence measurements were performed with a tape measure.
The crown-heel length (the distance from the crown of the
head to the heel, including natural flexures caused by physi-
ological muscle tension) was expressed in centimeters (cm).
For head circumference, the occipital frontal circumference
(measured above the ears and approximately 1 cm above
the eyebrows) was used.

Statistical analyses were performed using SAS v.
14.1 (SAS Institute, NC, USA). The anthropometric param-
eters were used to build a quantile regression model, which
allowed percentile curves to be evaluated and hypotheses
regarding differences between the developed and the refer-
ence growth charts to be tested. P values less than 0.05 were
considered significant.

RESULTS
Study group

A total of 3,205 preterm neonates (45.5% female) were
included in the study, of whom 937 were born before
30 weeks of pregnancy. The study group was divided into
15 subgroups, depending on maturity (i.e., gestational age):
neonates born with a gestational age of 22 weeks (n = 26),
23 weeks (n = 69), 24 weeks (n = 93), 25 weeks (n = 111),
26 weeks (n = 142), 27 weeks (n = 134), 28 weeks (n = 184),
29 weeks (n = 178), 30 weeks (n =237), 31 weeks (n =153),
32 weeks (n =211), 33 weeks (n = 242), 34 weeks (n = 337),
35 weeks (n =446), and 36 weeks (n =642).The study includ-
ed 1,853 (66.69%) infants from singleton, 817 (29.39%) from
twin, 102 (3.67%) from triplet, and 8 (0.28%) from quadruplet
gestations. In the study group, 374 mothers (16.27%) were
diagnosed with gestational diabetes mellitus (GDM), and
67 (2.92%) with pre-gestational diabetes mellitus.

Overall, 11.04% of neonates had a birth weight below
the 10t percentile according to the Fenton charts and were
classified as small for gestational age (SGA) (Tab. 1). The
highest discrepancies between the charts regarding SGA
classification were observed for neonates born with a ges-
tational age of 28 weeks, of whom 25.2% were classified
as SGA, and those with a gestational age of 36 weeks, of
whom 7% were classified as SGA, according to the Fenton
charts. Only 3.3% of preterm neonates had body length and
5.2% head circumference below the 10t percentile on the
Fenton charts at birth (Tab. 1).

Table 1. Percentage of preterm neonates with anthropometric

parameters below the 10t percentile according to the Fenton
growth charts

Gestational Birth body Birth weight B.irth head
age, weeks length circumference
24 10.1% 13.9% 13.9%

25 4.4% 11.0% 3.3%

26 4.1% 9.0% 6.6%

27 1.7% 14.3% 3.4%

28 7.5% 25.2% 13.6%

29 3.4% 15.5% 6.1%

30 3.1% 13.3% 7.7%

31 1.4% 15.6% 2.8%

32 1.0% 10.1% 1.0%

33 2.6% 11.9% 4.4%

34 2.9% 8.3% 4.8%

35 2.3% 7.8% 3.4%

36 3.9% 7.0% 5.2%
Overall 3.3% 11.04% 5.2%
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Body length

Female neonates from the study group had greater
birth body length than those from the Fenton population
at each percentile and gestational age (Fig. 1A). Statistically
significant differences between the study and the Fenton
group were observed for the 50t percentile at gestational
ages of 31 weeks (p = 0.045), 32 weeks (p = 0.037), 34 weeks
(p =0.033), 35 weeks (p = 0.024), and 36 weeks (p = 0.022),
and for the 90t percentile at gestational ages of 28 weeks
(p = 0.047), 32 weeks (p = 0.047), 33 weeks (p = 0.044),
34 weeks (p = 0.037), 35 weeks (p = 0.048), and 36 weeks
(p = 0.045).

Male neonates in this study group had greater birth
body length than those from the Fenton population at most
gestational ages and percentiles (Fig. 2A). Nine percent of
neonates in the study group had a smaller body length
than the reference group. Statistically significant differences
between the study and the Fenton group were observed
for the 50t percentile at gestational ages of 28 weeks
(p = 0.046), 30 weeks (p = 0.048), 31 weeks (p = 0.048),
33 weeks (p = 0.048), and 36 weeks (p = 0.030), and for the
90t percentile at gestational ages of 27 weeks (p = 0.0498),
33 weeks (p = 0.049), and 36 weeks (p = 0.049).

Birth weight

Both female and male preterm neonates from the study
group had greater birth weight than those from the Fenton
population at most gestational ages and percentiles (Fig. 1B
and 2B for female and male neonates, respectively). Twen-
ty-three percent of female neonates and 17% of male neo-
nates in the study group had a smaller birth weight than the
reference group. No statistically significant differences in
birth weight were observed between the groups.

Head circumference

Both female and male preterm neonates from the study
group had larger birth head circumferences than those
from the Fenton population at most gestational ages and
percentiles (Fig. 1C and 2C for female and male neonates,
respectively). Nine percent of female and 12% of male neo-
nates in the study group had smaller head circumference
than the reference group. In female infants, statistically
significant differences between the study and the Fenton
groups were observed for the 50t" percentile at gestational
ages of 24 weeks (p = 0.026), 25 weeks (p = 0.015), 26 weeks
(p = 0.009), 27 weeks (p = 0.011), 28 weeks (p = 0.020),
29 weeks (p = 0.032), and 30 weeks (p = 0.042). In male
neonates, no statistically significant differences in head
circumference were observed between the groups.
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Figure 1. Growth charts for female Polish preterm neonates (red
lines) compared with the Fenton reference charts (green lines);

A. Body length; B. Birth weight; C. Head circumference. For each
subgroup of neonates, boxes represent interquartile ranges,
horizontal lines represent median values, diamonds represent

mean values, whiskers represent minimum and maximum values, and
circles correspond to outliers
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Figure 2. Growth charts for male Polish preterm neonates (red lines)
compared with the Fenton reference charts (green lines); A. Body
length; B. Birth weight; C. Head circumference. For each subgroup
of neonates, boxes represent interquartile ranges, horizontal lines
represent median values, diamonds represent mean values, whiskers
represent minimum and maximum values, and circles correspond to
outliers

Overall analysis

Only 26 (6.67%) of 390 analyzed anthropological pa-
rameters differed significantly between the study group
and the Fenton group. Statistically significant differences
were observed in appropriate for gestational age (AGA,
3.77%) and large for gestational age (LGA, 2%) neonates,
and mostly involved body length and head circumference.
No significant differences were reported for SGA neonates.

DISCUSSION

In this study, we developed growth charts for Polish
preterm neonates based on anthropological parameters
reported for 3,205 newborn babies delivered between
2002 and 2013. We showed that Polish preterm infants
display certain discrepancies in body length and head cir-
cumference compared with the Fenton population, but
significant differences were observed in only 6.67% of
390 analyzed anthropological parameters.

Morphologically and physiologically immature pre-
term neonates are susceptible to severe and long-term
complications, especially if they are affected by growth
alterations. Therefore, classification of a preterm neonate
as SGA or LGA determines the activities to be conducted
by the healthcare professionals and enables the improved
management of potential threats. SGA infants, particularly
preterm neonates, have an increased risk of neonatal and
post-neonatal mortality [10, 11].

The first broadly used growth charts were developed by
Lubchenco etal.[12],in 1966, and were based on 4,700 neo-
nates born between the 26t and 42" week of gestation.
The terms AGA, SGA, and LGA to categorize neonatal nutri-
tional state were introduced by Battaglia and Lubchenco
in 1967 [13]. Babson and Benda’s [14] intrauterine growth
charts from 1976, developed for Caucasian neonates born
between the 27t and 44t week of gestation, were updated
in 2003 by Fenton [8]. In Poland, the Fenton growth charts
in their revised version from 2013 [7] are currently recom-
mended, and are routinely used for the growth evaluation
of preterm infants born between the 23 and 32" week
of pregnancy. For infants over 50 weeks of age, the WHO
growth charts [15], or the Polish growth charts, particularly
those developed by The Children’s Memorial Health Insti-
tute, are used.

In our study, 11.04%, 3.3%, and 5.2% of preterm neo-
nates were below the 10t percentile on the Fenton charts
for birth weight, body length, and head circumference,
respectively. Similar to our findings, Tuzun et al.[16], showed
that 12% of preterm neonates were classified as SGA accord-
ing to the Fenton charts. By contrast, a corresponding study
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of 603 preterm neonates in India identified 16.1%, 14.4%,
and 11.3% infants as having intrauterine growth restriction
(IUGR; .e., below the 10t percentile) according to the Fenton
charts for birth weight, body length, and head circumfer-
ence, respectively [17]. This indicates that the percentage of
preterm neonates who are classified as SGA may differ de-
pending on the characteristics of the population evaluated.
Arecent study by Kajdy et al. [9], classified 9.8% of singleton
neonates born between weeks 23 and 40 of pregnancy as
SGA, and 10.27% as LGA, but only 5.01% of SGA neonates
were identified with the Fenton charts. This percentage
was higher when exclusively preterm neonates were evalu-
ated.The lower percentage of SGA infants in the population
evaluated by Kajdy et al. [9], than in our population may
be caused by the different inclusion criteria applied. Our
study group consisted of consecutive neonates, including
those from multifetal pregnancies, as well as those with con-
genital defects and infections or karyotype abnormalities,
and therefore may better represent the general newborn
population described by the Fenton growth charts than the
population studied by Kajdy et al. [9],

In 2015, The International Fetal and Newborn Growth
Consortium for the 21st Century (INTERGROWTH-21st)
Study Group developed a new newborn weight standard
[18]. Aimed at better discrimination of SGA infants, INTER-
GROWTH-21st is based on birth weights observed among
pregnancies characterized by optimal fetal growth and
good maternal health status, from diverse geographical
regions. INTERGROWTH-21st charts tend to identify signifi-
cantly more SGA infants at birth than the Fenton charts de-
scribing the general population [16, 17].1n a study by Reddy
et al. [17], infants classified as SGA by INTERGROWTH-21st
charts and not by Fenton charts were at higher risk of mor-
bidities. However, such a relationship was not reported by
Tuzun et al. [16].

An alternative approach to infant classification is the cus-
tomized gestation-related optimal weight (GROW) standard.
The GROW standard, using the most widely implemented
model (developed by Gardosi et al.) [19-21], takes into ac-
count maternal height and weight, parity, ethnic origin, and
gestational age at delivery, and thus estimates an individual-
ized, ideal neonate birth weight for a particular birth. Recent
studies evaluated the usefulness of INTERGROWTH-21st in
ageneral obstetrics population and collated it with custom-
ized GROW centiles and/or population standards. Compared
with INTERGROWTH-21st, customized standards identified
more SGA infants at risk of mortality and morbidity in popu-
lations in New Zealand [22], Australia [23], Sweden [24], and
in a multinational analysis from 10 countries [25].

Both population birth weight standards and sonographic
fetal growth charts can be used to identify preterm neonates
who are SGA. Preterm infants have lower birth weights

than would be expected by estimating the weight of fetuses
that remain in utero to term [26]. Therefore, fetal growth
standards usually classify a higher percentage of preterm
infants as SGA than birth weight charts. In 2019, Pritchard
etal.[27], compared the performance of five growth charts
in the identification of infants at a high risk of adverse peri-
natal outcomes. Intrauterine charts identified a significantly
higher proportion of SGA infants in the preterm population
than birth weight charts [27]. Among fetal growth charts,
INTERGROWTH-21st identified the smallest percentage of
infants as SGA. This subpopulation was at the highest risk
of mortality and morbidity. GROW charts were the most
accurate at detecting individuals with an increased risk
of adverse outcomes [27]. Using population birth weight
charts, 10.7% of preterm infants were classified as below
the 10t percentile, and 5.6% below the 5t percentile [27].
Similar percentages were observed in our study: according
to the Fenton charts, 11.04% of preterm neonates were born
with a weight below the 10t percentile, and 5.28% below
the 5t percentile. Large discrepancies in SGA estimates
conducted with various growth charts were observed by
Kajdy et al. [9]. In a population of Polish neonates, 5.01% of
newborns were identified as SGA according to the Fenton
charts, 3.88% according to the Dubiel [6] percentiles, and
only 2.33% according to INTERGROWTH-21st [9]. These find-
ings might justify the adjustment of global charts to account
for the characteristics of the given population [9]. Indeed,
the most accurate estimation of the prevalence of SGA in-
fants in the Polish population (10.12%) [9] was made with
charts developed by Mikolajczyk et al., [28], which include
the Gardosi customization [19], therefore allow percentiles
to be adjusted to the local population.

In a study from 2018, Landau-Crangle et al. [29], com-
pared different approaches to predict individualized post-
natal growth trajectories in preterm infants based on the
WHO Fenton charts. Incorporation of the growth velocity
approach, which accounts for the recently described physi-
ological postnatal adaptation period in preterm infants,
enabled growth trajectories to accurately meet WHO tar-
get weights at a post-menstrual age of 42 weeks [29]. The
use of adequate tools to monitor appropriate postnatal
growth could enable the improved classification of extrau-
terine growth restriction (EUGR) [29], currently defined as
a weight trajectory evolving below the 10t percentile on
intrauterine growth charts [30]. A similar recommendation
was recently made for IUGR, which suggested that not
only infants with a birth weight below the 10t percentile,
but also those with a trend of falling percentiles, should
be classified as having IUGR [31]. Indeed, not only SGA
infants, but also those with IUGR or/and EUGR, have a likely
prognosis of inappropriate body composition and impaired
neurodevelopment.
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We reported statistically significant differences between
the charts developed within this study and the Fenton
charts, mainly for AGA and LGA neonates in terms of body
length and head circumference. In our population, 11.04% of
neonates were classified as SGA and 6.44% as LGA according
to the Fenton charts for birth weight. A higher proportion
of LGA can be explained, at least in part, by the high per-
centage of newborns delivered by mothers diagnosed with
diabetes mellitus in our study. GDM affects approximately
7% of all pregnancies worldwide [32]. In Europe, an over-
all GDM prevalence of 5.4% (3.8-7.8%) was reported [33].
In Poland, GDM is diagnosed in 0.7-12.3% of pregnancies
[34]. The higher percentage of patients with GDM in our
study (16.27%) is a result of the characteristics of our center,
which is oriented to manage pregnancies complicated by
GDM, among other complications. High proportion of pre-
term neonates with SGA born in 28th week may be associ-
ated with the referral level of the center, which provides
high-risk pregnancy care.

The main limitation of this study is its retrospective na-
ture. Additionally, data were collected from a single, highly
specialized site; therefore, although the study group consists
of consecutive preterm neonates, it may not be representa-
tive of the whole Polish population.

CONCLUSIONS

To conclude, we developed growth charts for preterm
neonates born in Poland, corresponding to the Fenton
growth charts. Reported here statistically significant differ-
ences in body length and head circumference between the
charts suggest the need to evaluate growth charts specifi-
cally for Polish preterm newborns.To ensure a representative
profile of Polish preterm infants, this should be done with
alarger cohort of patients and with a multicenter approach.
Moreover, growth trajectories during prenatal and postnatal
periods would be worth evaluating, as they could predict
possible adverse outcomes.
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