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ABSTRACT

Introduction. Birthweight is one of the most important factors determining neonatal well-being. From an 
epidemiological viewpoint, a neonatal reference chart provides a picture of the health status of a population. 
Global customized growth charts seem to be the most practical in multicultural settings, allowing adjust-
ment for ethnicity. However, regional charts might be a valuable contribution to reliable growth assessment.
Aim. Our study aims to establish a reference tool for growth assessment and visualize the local potential, by 
creating standard charts based on the data from the tertiary center with the highest number of deliveries per 
year in Poland.
Material and Methods. We retrospectively analysed 31,353 records from the electronic database of single-
ton births from a fi ve-year period from a tertiary hospital in Poznań, Poland. We excluded pre-term deliver-
ies and high-risk pregnancies basing on well-known factors influencing fetal growth, bringing the number of 
records to 21,379. The data were processed separately by gender (girls n = 10,312, 48.2% and boys n = 11,067, 
51.8%). Percentiles were calculated for each week of gestational age. Means and standard deviations were 
determined.
Results. Standard growth charts (including 3rd, 10th, 25th, 50th, 75th, 90th and 97th percentiles) are pre-
sented. Descriptive data of population distribution are shown.
Conclusions. In conclusion, obtaining standard growth charts for mature newborns has created the oppor-
tunity for a more actual and adequate assessment of the Polish neonatal population. It should allow for the 
implementation of new standards in future research on perinatal care.
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Introduction

Birthweight is one of the most important factors 
determining neonatal well-being [1]. Either large 
for gestational age (LGA) or small for gestatio-
nal (SGA) fetuses are predictors of adverse out-
comes. Birthweight is strongly correlated with 
gestational age and sex of the neonate, mater-
nal and paternal anthropometric parameters, and 
mother's comorbidities, i.e., diabetes, hyperten-
sion, or smoking status. Birthweight is also asso-
ciated with ethnicity, access to modern health-
care, and proper nutrition, making this attribute 
strongly dependent on place of birth and suscep-
tible to signifi cant variability [2–4].

From an epidemiological viewpoint, neonatal 
reference charts provide a picture of the health 
status of a population. The comparison of charts 
referring to different and clearly defi ned popu-
lations living in the same country, or different 
countries, or to the same population in different 
periods is a way of measuring the extent of ine-
qualities in health between populations. From 
a clinical viewpoint, a neonatal chart is an essen-
tial tool to detect neonates at higher risk of neo-
natal and postnatal morbidity and growth impair-
ment. At present, further clinical studies are nee-
ded to reach a consensus on combining neonatal 
and prenatal information to discriminate neona-
tes with growth derangements, such as intrau-
terine growth retardation or overgrowth [5–7].

Global customized growth charts seem to be 
the most practical in multicultural settings, allo-
wing adjustment for ethnicity [8]. In Europe and 
in Poland, Fenton Growth Charts and Intergrowth 
project charts [6] are the most commonly used. 
However, it has been suggested that such a uni-
form attitude may result in a signifi cant bias, with 
a risk of over- or under-estimation of LGA and SGA 
[9–12]. Therefore, regional charts might be a valu-
able contribution to reliable growth assessment. 
Updating neonatal charts has become necessary 
due to changes in parity, maternal age and weight, 
but also in socio-economical or environmental 
conditions, and obstetric or neonatal care. 

Kajdy et al. recently analysed 39,032 electro-
nic database records of singleton live births from 
one hospital in Warsaw between 2010–2016. 
Subsequently, the authors published reference 
growth charts for premature and mature new-
borns (from the 24th to the 41st week of gesta-

tion) [6]. The most recent regional growth charts 
were published in 1995 and 2003, respectively 
[1, 16]. However, Gadzinowski et al. [16] publis-
hed reference growth charts, whereas Malewski 
et al. excluded major defects and developmen-
tal anomalies that could influence birthweight 
(hydrocephalus, anencephalus, hydrops fetalis, 
etc.). Our study aims to establish a reference tool 
for growth assessment and visualize the local 
potential, by creating standard charts based on 
the data from the tertiary center with the highest 
number of deliveries per year in Poland. 

Material and methods

This retrospective study is based on a fi ve-year 
analysis period (from February 2017 to February 
2022). A total of 31,353 computed records from 
the electronic database of singleton births at 
Poznan Obsterics and Gynecological University 
Hospital were considered. Approximately 99% of 
patients in the database were Caucasians.

Gestational age was verifi ed and confi rmed 
by the last menstrual period and ultrasound in 
the fi rst trimester, both as described in the ACOG 
Committee Opinion [13]. The data were fi ltered 
depending on the mother’s age (20–40 years) and 
gestational age at birth (36–42 weeks), bringing 
the number of analyzed neonates from 31,353 to 
28,311. This count was further reduced to 21,379 
by excluding pediatric and obstetric conditions 
with an important impact on development in ute-
ro (ICD-10): F17.2, O13, O14.0, O14.1, O24.0, O24.4, 
Q03.9, Q04.2, Q05.2, Q07.0, Q20.3, Q21.0, Q21.1, 
Q21.2, Q21.3, Q22.5, Q36.9, Q37.8, Q37.9, Q41.0, 
Q45.9, Q52.8, Q60.0, Q73.8, Q77.4, Q79.0, Q79.3, 
Q79.9, Q89.7, Q90.9, Q91.3, Q91.7, Q96.9.

The following records were excluded from the 
study: fetuses and neonates with abnormal kary-
otype, major congenital defects, infections, and 
stillbirth. Minor congenital defects, as defi ned by 
the European Surveillance of Congenital Anoma-
lies, were included. High-risk women had the fol-
lowing characteristics: aged < 20 and > 40 years, 
diabetes mellitus, gestational diabetes mellitus, 
pregnancy hypertension, pre-pregnancy hyper-
tension, preeclampsia, haemolysis, elevated liver 
enzymes and low platelets (HELLP) syndrome, or 
cholestasis of pregnancy.

The data were processed separately depen-
ding on the sex of the neonate: females (n = 10,312, 
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48.2%) and males (n = 11,067, 51.8%). Percentiles 
were calculated 100 times for each week of gesta-
tional age through random sampling of 80% of 
the population without replacement (bootstrap). 
Locally estimated scatterplot smoothing (LOESS) 
was used to plot the data in R (tidyverse). The data 
are presented graphically and within nomograms 
for the 3rd, 10th, 25th, 50th, 75th, 90th, and 97th 
percentiles (from P3 to P97), as well as means and 
standard deviations. Percentiles for each week 
were also calculated without smoothing and pre-
sented in tables. To compare the currently investi-
gated population with the population previously 
studied by Gadzinowski et al. [18] and Malewski et 
al. [1], we compared means and standard devia-
tions. This was done using a 100-fold bootstrap 
procedure with distribution-preserving random 
sampling of 1000 values in both groups, and sub-
sequent comparison using the Student’s t-test 
(means) and the F-test (variance). This setup ena-
bled relative comparison of the importance of dif-
ferences through the minimalization of the impact 
of sample size on p-values. The analyses were 
conducted in R 4.1.3 (R Foundation for Statistical 
Computing, Vienna, Austria).

Results

A total of 21,379 newborns were included in the 
fi nal analysis. The sex and age distribution are 

presented in Table 1. Boys, on average, were hea-
vier approx. by 5%. Signifi cant differences were 
observed for all studied gestational age sub-
groups.

Growth charts of body weight (showing P3, 
P10, P25, P50, P75, P90, P97) for the term infants 
are shown in Figures 1–2, whereas the means 
and standard deviations are documented in Tab-
le 2. Percentiles calculated without smoothing 
are presented in Table 3. 

Within the currently studied population older 
neonates signifi cantly were heavier than in histo-
rical data from Gadzinowski et al. [16]; this was 
true for the majority of age subclasess in the 
case of Malewski et al. research [1]. Similarly, sig-
nifi cantly less variance was observed. In the pre-
sent study, babies born at 40th and 41st week of 
pregnancy had 1-2% higher body weight and up 
to 10% less variance in mass than those in the 

Table 1. Number of births by gestational age and sex

Week of 
gestation*

Study subgroups [N/%]
Boys Girls

37 866 (8.0) 693 (6.9)
38 2197 (20.4) 2020 (20.1)
39 3541 (32.9) 3320 (33.1)
40 2953 (27.5) 2829 (28.2)
41 1156 (10.8) 1148 (11.4)
42 39 (0.4) 30 (0.3)

* week “n” is defi ned as age from “n” weeks up to “n” weeks +6 
days.

Figure 1. Growth charts of boys’ body weight (showing P3, 
P10, P25, P50, P75, P90, P97) for the term infants

Figure 2. Growth charts of girls’ body weight (showing P3, 
P10, P25, P50, P75, P90, P97) for the term infants
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Table 2. Average birthweight of infants by gestational age and sex

Week of 
gestation*

Birthweight [grams]
Mean ± SD

Sex difference
p

Boys Girls
37 3157 ± 440 2998 ± 430 1.03×10-12

38 3388 ± 421 3226 ± 398 4.42×10-37

39 3545 ± 428 3383 ± 415 3.20×10-56

40 3677 ± 424 3498 ± 408 8.29×10-59

41 3775 ± 412 3598 ± 400 3.78×10-25

42 3790 ± 434 3522 ± 326 0.00467
All neonates 3543 ± 456 3382 ± 437 3.27×10-147

* week “n” is defi ned as age from “n” weeks up to “n” weeks +6 days.
SD – standard deviation

Table 3. Birthweight percentiles of infants by gestational age and sex

Gestational 
age*

[weeks]

Birthweight percentiles** (P) – Boys
[grams]

P3 P10 P25 P50 P75 P90 P97
37 2290 2620 2900 3170 3430 3700 3971
38 2619 2880 3125 3375 3640 3920 4240
39 2795 3020 3260 3520 3820 4080 4380
40 2900 3165 3400 3660 3950 4220 4484
41 3033 3258 3480 3760 4060 4300 4560
42 3063 3236 3440 3820 4100 4320 4397
Gestational 

age*
[weeks]

Birthweight percentiles** (P) – Girls
[grams]

P3 P10 P25 P50 P75 P90 P97
37 2139 2468 2750 3000 3260 3540 3825
38 2483 2720 2960 3230 3475 3720 3980
39 2673 2890 3104 3360 3645 3900 4200
40 2759 2990 3220 3490 3750 4020 4300
41 2877 3100 3320 3580 3865 4104 4360
42 2944 3194 3348 3505 3685 3837 4243

* week “n” is defi ned as age from “n” weeks up to “n” weeks +6 days. Values are given for the 
central point of the range (n weeks + 3 days)
** without smoothing

fi rst mentioned study [16]. This trend was found 
both in male and female neonates. Differences in 
body weight were more pronounced (4-6%) and 
spanned from 38th to 41st week of pregnancy 
when comparison was made between the current 
data and parameters reported in the second stu-
dy [1]. Furthermore, the variance in the population 
investigated by Malewski et al. was greater by up 
to 17%. The use of previous growth charts wou-
ld result in improper classifi cation of signifi cant 
part (even up to one third for the second study) of 
10 top and down percent of newborn population. 

Discussion

We analysed a large and up-to-date cohort of 
term newborns from low-risk pregnancies, and 
created standard growth charts that reflect ide-
al (normal) growth. Such an attitude seems to be 
most reasonable for babies born at term. There-
fore, in the present study we assessd exclusive-
ly children born between 37th and 42nd week of 
gestation. In contrast, reference growth charts 
(including both low- and high-risk pregnancies) 
could be considered more appropriate for pre-
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term neonates and better reflect overall popula-
tion. Since in the recently studied cohort by Kajdy 
et al. in another Polish region [6] and investigated 
in the past in our region by Gadzinowski et al. [16] 
and Malewski et al. [1] high-risk (all for the latter 
study signifi cant part of high-risk) pregnancies 
were included it is diffi cult to directly compare 
our results to those data. It is worth underlining 
that our study was carried out in an ethnically 
homogenous population, in a region with good 
access to medical care. 

Neonatal growth charts help in identifying 
values that best discriminate between infants 
at high and low risk of complications later in 
life [14]. Historically, studies on fetal growth 
were primarily associated with low birth weight 
Birthweight, but the problem of fetal overgrowth 
increased in the last decades. Detecting LGA 
fetuses is important to prevent shoulder dysto-
cia, peripartum hemorrhage, or cesarean sec-
tion, and prevent the risk of maternal diabetes, 
and metabolic syndrome in childhood [15] SGA 
is a condition in which the fetus is smaller than 
expected in the absence of any pathological 
conditions or toxic factors. SGA fetuses may be 
compromised, and thus need to be premature-
ly delivered. Such newborns are at risk of hypo-
glycemia, hypoxic-ischemic encephalopathy, 
gastrointestinal bleeding, polycythemia, pulmo-
nary hemorrhage, apnoea, disseminated intra-
vascular coagulation, and prolonged hospitali-
zation [16].

Neonatal growth standards (reflected by gro-
wth charts) may differ due to essential differen-
ces in parity, maternal age, and prevalence of 
malnutrition/obesity. The availability and quality 
of obstetric or neonatal care may also exert a sig-
nifi cant impact. All these factors create the basis 
for potential country/regional differences in gro-
wth references (charts). Moreover, growth charts 
should be updated in conformity with the intens-
ity of the “secular trend of growth” and observed 
socio-economic changes in the population (e.g., 
every 10–20 years) [17–18]. The comparison of 
results obtained in the present study with pre-
vious data [1, 16], even considering differences in 
populations included and methodological issu-
es, suggest the existence of a mentioned secu-
lar trend. Consequently, the sensitivity of older 
norms to pathology would be reduced, resulting 
in improper classifi cation of up to a third of chil-

dren in the extreme 20 percent (including both 
SGA and LGA) of the current newborn population, 
where high precision is required.

In conclusion, obtaining standard growth 
charts for mature newborns has created the 
opportunity for a more actual and adequate 
assessment of the Polish neonatal population. It 
should allow for the implementation of new stan-
dards in future research on perinatal care.
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