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Abstract 
Background: Applying customized centiles may improve the accuracy of detecting small for gestational age (SGA) 
infants; however, the evidence is inconclusive whether adjusted centiles are more sensitive in identifying infants at in-
creased risk of morbidity. We aimed to examine the validity of customized centiles in a Greek cohort and evaluate their 
performance compared to population-based centiles in predicting infants at risk of increased morbidity. 
Methods: We prospectively recorded the neonatal and maternal characteristics of singleton, low-risk, term infants over 
a year. Infants were defined as SGA if their birth weight was under the tenth centile, classified both by population-based 
centiles and customized centiles, adjusted for maternal and innate factors. We performed a comparative analysis utilizing 
linear regression analysis and calculating the receiver operating characteristics (ROC) curves. 
Results: Overall 657 infants were identified. Population-based centiles detected 42 (6 %) SGA infants, while customized 
centiles 80 (12 %). Perinatal morbidity was associated with an odds ratio of 1.02 with customized centiles [95 % confidence 
interval (CI): 1.01-1.04] and with an odds ratio of 1.02 with population-based centiles (95 % CI: 1.02-1.02). In predicting 
perinatal morbidity, no significant difference was detected between customized centiles [area under the ROC curve 0.773 
(95 % CI: 0.699-0.847)] and population-based centiles [area under the ROC curve 0.737 (95 % CI: 0.662-0.813)] (p =0.272). 
Conclusions: Customized centiles provided increased accuracy in comparison to the population-based centiles in de-
tecting SGA term infants. However, customized centiles had no better impact on predicting a poor perinatal outcome. 
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Introduction 
Infants born small for gestational age (SGA) represent 

a heterogeneous group that consists of growth-restricted 
and potentially vulnerable infants and constitutionally but 
otherwise healthy infants1. Whereas growth-restricted in-
fants do not reach their genetic growth potential, constitu-
tional SGA infants represent the one end of the usual spec-
trum of size1. Regarding SGA infants, the most popular 
definition is based on birth weight below the tenth percen-
tile, adjusted for gender and gestational age using appro-
priate reference data2. The population-based centiles that 
have been traditionally used are adjusted for gender and 
gestational age but do not account for any other growth 
modifying factors3. Customized models, on the contrary, 
have been adjusted for maternal and innate factors such as 
maternal weight, height, ethnicity, or parity4. 

The customized charts have been introduced into the 
clinical practice in several countries to assess the neona-
tal growth in the term and preterm population so far1,4-10. 
Studies have suggested that customized centiles may be 

more precise in detecting SGA infants at increased risk 
of perinatal morbidity than population-based centiles1,4-10. 
However, the theoretical advantage of customization 
may be of limited value when applied in term infants. 
Furthermore, evidence suggests that data regarding the 
prediction of perinatal morbidity may have been overes-
timated11,12. Hence, the evidence about the validity of cus-
tomized growth centiles compared to population-based 
centiles is scarce to draw any conclusions13,14. 

The current study aimed to evaluate whether custom-
ized centiles applied in a population of term infants in 
Greece would be better than population-based centiles in 
detecting SGA infants. Also, we aimed to evaluate the 
performance of customized compared to population-
based centiles in predicting SGA infants at risk of in-
creased perinatal morbidity.

Methods  
The study was conducted from January 2014 to 

January 2015 in a tertiary Neonatal Unit of a University 
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Hospital. During the study period, we prospectively en-
rolled all Greek origin infants born at term, at 37 to 42 
weeks’ gestation, by a singleton, low-risk pregnancy as 
described below. We excluded infants who were of non-
Greek origin, part of multiple births, delivered preterm, 
whose pregnancy had been complicated with congenital 
anomalies, or terminated for maternal or fetal reasons to 
consort with the methodology described in the previous 
studies4,6,9,15. The Ethical Committee of the Papageorgiou 
Hospital approved the study (decision No 895) and data 
were anonymously recorded.

For each infant, we recorded the gestation, the gen-
der, the birth weight measured in the delivery room with 
an electronic scale, the height, and the head circumfer-
ence measured within the first 24 hours of age. We also 
recorded the maternal characteristics, including the eth-
nicity, the age, the weight as measured at the first antena-
tal visit, the weight gain during the pregnancy as extract-
ed by the initial and the last trimester weight, the height 
based on maternal recall. The body mass index (BMI) 
was extracted from the weight and height according to 
the formula BMI =weight/height2 (kg/cm2). We recorded 
the parity, determined the gestational age by ultrasound 
examination during pregnancy’s first trimester and fac-
tors associated with low birth weight, such as gestational 
diabetes and hypertension. Finally, the computed perina-
tal morbidity was defined by the need for admission to 
the nursery due to hypothermia, hypoglycemia, or feed-
ing difficulty. 

Infants with a birth weight below the tenth centile 
were defined as SGA16. The population-based birthweight 
centiles were based on the revised Fenton’s growth charts 
adjusted for gestation and gender16. We used the custom-
ized birth weight centiles based on the Gestation Related 
Optimal Weight centile calculator (available at www.
gestation.net). The bulk calculator that has been devel-
oped by Gardosi et al15,17 utilizes the maternal height, 
weight at the first antenatal visit, parity, and ethnicity, in 
a regression analysis model to derive the adjusted for the 
gender optimal average weight of the fetus at 40 weeks. 
Additionally, we used Hadlock’s formula to calculate the 
coefficient of variation and derive the growth centiles at 
each gestation18. Therefore, the following groups were 
identified: customised only SGA, population only SGA, 
customised and population SGA, and non-SGA infants. 

Statistical analysis 
The data were analyzed using the IBM SPSS Statis-

tics for Windows, Version 26.0 (IBM Corp., Armonk, 
NY, USA). We calculated descriptive statistics for ma-
ternal and neonatal characteristics. Continuous variables 
are presented as means ± standard deviation, while cat-
egorical variables as numbers with percentages in brack-
ets. The Kolmogorov-Smirnov test assessed the normal-
ity of continuous variables’ distributions. We performed 
comparisons of continuous variables utilizing one-way 
ANOVA with Bonferroni posthoc analysis. We utilized the 
Pearson’s chi-square test or Fisher’s exact test to compare 

categorical variables, as appropriate. The linear regres-
sion analysis was conducted to evaluate the association of 
population-based and customized centile charts (continu-
ous variables) with perinatal morbidity. We investigated 
for each chart how accurately categories of less than the 
tenth centile (SGA infants) detected infants with perinatal 
morbidity by calculating the sensitivity and the specificity. 
The receiver operating characteristic (ROC) curve analy-
ses were conducted, estimating the area under the curve to 
determine which model better predicted perinatal morbid-
ity. All performed tests were two-sided, and we considered 
statistically significant p values less than 0.05 (alpha 0.05). 

Results
During the study period, a total of 657 infants of 

term, low-risk pregnancies were identified. Customised 
only SGA were 38 (6 %) infants, population only SGA 
was none, customised and population SGA were 42 (6 %) 
infants, and non-SGA infants were 577 (88 %) infants. 
Using the customized centiles, a total of 80 (12 %) SGA 
infants were detected (42 of whom had been also detected 
with the population centiles), whereas using the popula-
tion centiles 42 (6 %) SGA were identified (all of whom 
had been also detected with the customized centiles). 

The maternal characteristics of the study population 
and the infants classified as SGA by either method com-
pared to non-SGA infants are depicted in Table 1. Ma-
ternal BMI was normal in 67 %, and pregnancy was nul-
liparous in 45 % of the cases. No significant differences 
were found in maternal characteristics between custom-
ized SGA, both customized and population-based SGA, 
and non-SGA infants (Table 1).  

Overall, the mean gestation of infants was 38.3 
weeks, and the mean birth weight 3,152 grams. Neonatal 
morbidity was significantly higher in SGA than non-SGA 
infants, classified by either centile. The overall morbidity 
was estimated at 8 %, based on the predefined criteria 
(Table 2).   

Perinatal morbidity was associated with an odds ra-
tio of 1.02 with customized centiles [95 % confidence 
interval (CI): 1.01-1.04] and with an odds ratio of 1.02 
with population-based centiles (95 % CI: 1.02-1.02) per 
centile decrease of birth weight. The accuracy of popu-
lation-based and customized centiles in recognizing in-
fants with perinatal morbidity is depicted in Table 3. At 
less than the tenth centile threshold, the sensitivity and 
specificity were calculated as 0.36 and 0.96 for custom-
ized centiles, while 0.30 and 0.93 for population centiles, 
respectively. Finally, model discrimination for both cus-
tomized and population-based centiles is depicted in Fig-
ure 1. The area under the ROC curve was 0.773 (95 % CI: 
0.699-0.847) for customized centiles and 0.737 (95 % CI: 
0.662-0.813) for population-based centiles, with no sig-
nificance detected between the ROC curves (p =0.272). 

Discussion 
The current study’s findings suggest that the utilization 
of customized instead of population-based centiles may 
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improve the detection of SGA infants. Specifically, in 
our population, the application of the customized assess-
ment led to the identification of an additional 6 % of SGA 
infants that had not been detected with the population-
based method. 

The customized model had been initially proposed by 
Gardosi et al during the 1990s. After reviewing more than 

4,000 pregnancies in the United Kingdom, the authors 
found that 28 % of the infants that had been traditionally 
classified as SGA by conventional population-based cen-
tiles were, in fact, within normal limits15,17. Conversely, 
24 % of the infants designated as SGA by customized 
centiles had not been identified by the standard unadjust-
ed centiles15,17. A subsequent study nearly two decades 
later found that customized growth charts identified five 
times more SGA infants (13.5 %) than standard charts 
(2.3 %)10. The model has been thereafter applied in sev-
eral term populations in the developed countries with 
similar findings1,4-10. Several studies also demonstrated 
that using customized centiles, an additional 7 % to 14 
% of SGA infants missed with population-based centiles 
could be identified5,9. Overall, large population cohort 
studies in France, Spain, and the United States demon-
strated that customized centiles were more sensitive in 
detecting SGA infants1,6,7. In line with the previous stud-
ies, our findings suggested that the utilization of custom-
ized centiles led to detecting a significant number of SGA 
infants whom the traditionally population-based centiles 
had missed.

In the current study, we also assessed whether pop-
ulation-based or customized centiles were more helpful 
in predicting perinatal morbidity. Although customized 
centiles have been proven more sensitive in detecting 
SGA infants, the evidence regarding the related clini-
cal importance remains scarce. The study by Carberry 
et al demonstrated that the customized reference had a 

Table 1: Maternal characteristics of the entire study population, the customised only small for gestational age (SGA), the cus-
tomised and population SGA, and the non-SGA infants. 

Study 
population
(n = 657)

Customized 
only SGA 
(n = 38)

Customized and 
Population-based 

SGA (n = 42)
Non-SGA
 (n = 577) p

Maternal age (years) 30.9 ± 5.8 30.1 ± 6.1 30.2 ± 5.8 31 ± 5.8 0.481
Maternal weight (kg) 67.2 ± 15.5 65 ± 16.5 69.4 ± 27.2 67.1 ± 14.4 0.529
Maternal height (cm) 165.1 ± 6.4 165.5 ± 6.3 163.9 ± 5.1 165.2 ± 6.4 0.505
Maternal BMI 24.6 ± 5.7 23.7 ± 5.8 25.9 ± 11.2 24.6 ± 5.7 0.270
Maternal BMI category 0.160
   <18.5 21 (3) 4 (10) 2 (5) 15 (3)
   18.5-24.9 436 (67) 26 (70) 28 (67) 383 (66)
   25-29.9 125 (19) 4 (10) 7 (17) 114 (20)
   >30 75 (11) 4 (10) 5 (11) 66 (11)
Weight gain during 
pregnancy, kg 13.9 ± 10.3 15.6 ± 28.2 12.4 ± 5.8 13.9 ± 8.3 0.464

Parity 0.131
   Nulliparous 293 (45) 15 (40) 21 (50) 257 (45)
   1 256 (39) 18 (47) 10 (24) 228 (40)
   2 77 (12) 5 (13) 7 (17) 65 (11)
   3+ 31 (4) - 4 (9) 27 (4)
Gestational diabetes 35 (5) 3 (8) 4 (10) 28 (5) 0.365
Hypertension 15 (2) - 2 (5) 13 (2) 0.424

Continuous variables are expressed as means ± standard and p value is of one-way ANOVA with Bonferroni posthoc analysis. Categorical 
variables are expressed as numbers with percentages in brackets and p value is of Pearson’s chi-square test or Fisher’s exact test. n: number, 
SGA: small for gestational age, BMI: body mass index. Customized and population only SGA are identical to population SGA infants.

Figure 1: The receiver operating characteristic curve show-
ing how many infants with perinatal morbidity were cor-
rectly identified by customized in comparison to population-
based centiles.
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limited impact on predicting neonatal morbidity among 
term infants11. In accordance, Charkaluk et al suggested 
that customization did not significantly improve the de-
tection of infants at risk of poor cognitive outcomes19. A 
recent study, including nearly a million infants born over 
19 years in Scotland, concluded that partially customized 
centiles did not identify more infants at risk of death than 
non-customized centiles20. The authors could not fully 
customize infants due to missing maternal weight and 
ethnicity data; however, they found that increased risk 
was evident at term infants with a birth weight lower than 
the 25th centile, irrespective of whether non-customized 
or partially customized centiles were used20. Moreover, 
a Swedish population-based cohort study between 2006 
and 2015, evaluating term singleton births with popula-
tion-based and customized charts, recorded an increased 
proportion of infants below the median using the custom-
ized centiles21. The authors concluded that an adverse 
perinatal outcome was differently related to each chart 
cut-off limit; however, it was similar in the smallest 5 
% of the population21. In the same aspect, the second-
ary evaluation of the Generation R study, which included 
6,052 participants in the Netherlands, revealed that cus-
tomized charts were not superior to population charts at 
identifying SGA newborns at increased risk of adverse 
outcomes at later age22. Finally, a meta-analysis by Chi-
ossi et al evaluating the effectiveness of customization 
compared to population-based charts for predicting ad-
verse outcomes included 20 observational studies and 
concluded that both growth charts could identify SGA in-
fants without evidence of the superiority of any method14. 
Our findings were in line with previous studies, suggest-

ing that the customized centiles had no better impact than 
the population-based centiles in detecting term infants at 
risk of perinatal morbidity.

The fact that both customized and population-based 
centiles were of similar prognostic value in detecting 
perinatal morbidity is particularly important when in-
cluding only term infants. In general, term infants pres-
ent low morbidity, and therefore, customization would 
provide limited benefit. Besides, in preterm infants, the 
customized model based on ultrasonography-estimated 
fetal weight presents a substantial difference compared 
to the population-based reference, while in term infants, 
those references differ a little23. Nonetheless, the preg-
nancies associated with prematurity should be mostly 
considered pathological rather than normal, while mostly 
prematurity is known to be linked with growth restriction 
and increased morbidity24,25. Thus, although the adjust-
ment for the maternal weight, height, or other factors may 
improve the amount of SGA detected infants, it fails to 
detect which infants need closer monitoring. 

The main strength of our study is that it is novel in 
evaluating the effectiveness of customized in compari-
son to population-based centiles in a Greek cohort. The 
main limitation of the current study arises from its single-
center design. Given that our study was conducted in a 
population with homogenous characteristics, the adjust-
ment for factors with little variation might have a limited 
effect. Also, our study population was restricted only to 
term infants, and thus the generalization of our findings is 
limited. Notably, no population-based only SGA infants 
were detected in our study. In previous studies, constitu-
tional SGA infants have been reported in 1 % to 12 %1,4,6. 

Table 2: Neonatal characteristics of the entire study population, the customised only small for gestational age (SGA), the cus-
tomised and population SGA, and the non-SGA infants.

Study 
population

(n =657)

Customized only 
SGA

(n =38)

Customized and 
Population-based 

SGA (n =42)
Non-SGA 
(n =577) p

Gestational age (weeks) 38.3 ± 1.1 38.3 ± 1.1 38.3 ± 1.4 38.3 ± 1 0.878
Birth weight (g) 3,152 ± 469 2,638 ± 240 2,391 ± 295 3,152 ± 469 <0.001
Head circumference (cm) 34.2 ± 1.5 33.1 ± 1.1 32.3 ± 1.5 34.4 ± 1.5 <0.001
Length (cm) 50.2 ± 2.4 48.9 ± 2 47.4 ± 3 50.5 ± 2.2 <0.001
Gender, male 352 (54) 19 (50) 24 (57) 309 (54) 0.816
Perinatal morbidity 53 (8) 16 (42) 13 (31) 24 (4) <0.001

Continuous variables are expressed as means ± standard and p value is of one-way ANOVA with Bonferroni posthoc analysis. Categorical 
variables are expressed as numbers with percentages in brackets and p value is of Pearson’s chi-square test or Fisher’s exact test. n: number, 
SGA: small for gestational age. Customized and population only SGA are identical to population SGA infants.

Table 3: The sensitivity, specificity, positive predictive value, and negative predictive value of customized and population 
centiles. 

Sensitivity Specificity
Positive 

Predictive 
value

Negative 
Predictive value

Customized centiles 
SGA infants (n =80) 0.36 0.96 0.54 0.91
Population-based centiles 
SGA infants (n =42) 0.30 0.93 0.24 0.95

 SGA: small for gestational age.
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The limited size of our study sample may have prevented 
us from detecting any constitutional SGA infants in our 
cohort. Of note, in our study the maternal anthropomet-
rics were similar between groups, and in fact, not dif-
ferent from the average for Greek population. Thus, the 
fact that limited women with significant weight or height 
deviation were included, might also explain that no pop-
ulation SGA infants were detected, given that maternal 
anthropometrics are a factor that could be associated with 
constitutional SGA infants. 

In conclusion, our study suggested that the utilization 
of customized in comparison to the population-based 
centiles provided increased accuracy in detecting term 
SGA infants; however, using the adjusted for maternal 
characteristics customized centiles could not improve 
the detection of infants at risk of poor perinatal outcome. 
Therefore, further studies are warranted to evaluate the 
clinical importance of customization regarding the short 
and long-term neonatal outcomes. 

Conflict of interest
Authors declare no conflicts of interest.

Acknowledgment
Authors would like to thank the GROW International 
Team, Perinatal Institute, Birmingham, UK, and Miss 
Marianna Mancini for their assistance in providing the 
Bulk Centile Calculator. This research did not receive 
any specific grant from funding agencies in the public, 
commercial, or not-for-profit sectors. 

References 
1.  Figueras F, Figueras J, Meler E, Eixarch E, Coll O, Gratacos E, 

et al. Customised birthweight standards accurately predict peri-
natal morbidity. Arch Dis Child Fetal Neonatal Ed. 2007; 92: 
F277-F280.

2.  Resnik R. Intrauterine growth restriction. Obstet Gynecol. 
2002; 99: 490-496.

3.  Gardosi J. New definition of small for gestational age based on 
fetal growth potential. Horm Res. 2006; 65 Suppl 3: 15-18.

4.  Clausson B, Gardosi J, Francis A, Cnattingius S. Perinatal out-
come in SGA births defined by customised versus population-
based birthweight standards. BJOG. 2001; 108: 830-834.

5.  de Jong CL, Gardosi J, Dekker GA, Colenbrander GJ, van Geijn 
HP. Application of a customised birthweight standard in the as-
sessment of perinatal outcome in a high risk population. Br J 
Obstet Gynaecol. 1998; 105: 531-535.

6.  Ego A, Subtil D, Grange G, Thiebaugeorges O, Senat MV, Vays-
siere C, et al. Customized versus population-based birth weight 
standards for identifying growth restricted infants: a French mul-
ticenter study. Am J Obstet Gynecol. 2006; 194: 1042-1049.

7.  Gardosi J, Francis A. Adverse pregnancy outcome and associa-
tion with small for gestational age birthweight by customized 
and population-based percentiles. Am J Obstet Gynecol. 2009; 
201: 28.e1-28.e8.

8.  Mamelle N, Cochet V, Claris O. Definition of fetal growth re-
striction according to constitutional growth potential. Biol Neo-
nate. 2001; 80: 277-285.

9.  McCowan LM, Harding JE, Stewart AW. Customized birth-
weight centiles predict SGA pregnancies with perinatal morbid-
ity. BJOG. 2005; 112: 1026-1033.

10. Narchi H, Skinner A, Williams B. Small for gestational age ne-
onates--are we missing some by only using standard population 

growth standards and does it matter? J Matern Fetal Neonatal 
Med. 2010; 23: 48-54.

11. Carberry AE, Raynes-Greenow CH, Turner RM, Jeffery HE. 
Customized versus population-based birth weight charts for the 
detection of neonatal growth and perinatal morbidity in a cross-
sectional study of term neonates. Am J Epidemiol. 2013; 178: 
1301-1308.

12. Hutcheon JA, Zhang X, Platt RW, Cnattingius S, Kramer MS. 
The case against customised birthweight standards. Paediatr 
Perinat Epidemiol. 2011; 25: 11-16.

13. Carberry AE, Gordon A, Bond DM, Hyett J, Raynes-Greenow 
CH, Jeffery HE. Customised versus population-based growth 
charts as a screening tool for detecting small for gestational age 
infants in low-risk pregnant women. Cochrane Database Syst 
Rev. 2014; 2014: CD008549.

14. Chiossi G, Pedroza C, Costantine MM, Truong VTT, Gargano 
G, Saade GR. Customized vs population-based growth charts to 
identify neonates at risk of adverse outcome: systematic review 
and Bayesian meta-analysis of observational studies. Ultrasound 
Obstet Gynecol. 2017; 50: 156-166.

15. Gardosi J, Mongelli M, Wilcox M, Chang A. An adjustable fetal 
weight standard. Ultrasound Obstet Gynecol. 1995; 6: 168-174.

16. Fenton TR, Kim JH. A systematic review and meta-analysis to 
revise the Fenton growth chart for preterm infants. BMC Pediatr. 
2013; 13: 59.

17. Gardosi J, Chang A, Kalyan B, Sahota D, Symonds EM. Cus-
tomised antenatal growth charts. Lancet. 1992; 339: 283-287.

18. Hadlock FP, Harrist RB, Martinez-Poyer J. In utero analysis of 
fetal growth: a sonographic weight standard. Radiology. 1991; 
181: 129-133.

19. Charkaluk ML, Marchand-Martin L, Ego A, Zeitlin J, Arnaud 
C, Burguet A, et al. The influence of fetal growth reference 
standards on assessment of cognitive and academic outcomes of 
very preterm children. J Pediatr. 2012; 161: 1053-1058.

20. Iliodromiti S, Mackay DF, Smith GC, Pell JP, Sattar N, Lawlor 
DA, et al. Customised and Noncustomised Birth Weight Centiles 
and Prediction of Stillbirth and Infant Mortality and Morbidity: 
A Cohort Study of 979,912 Term Singleton Pregnancies in Scot-
land. PLoS Med. 2017; 14: e1002228.

21. Vieira MC, Relph S, Persson M, Seed PT, Pasupathy D. De-
termination of birth-weight centile thresholds associated with 
adverse perinatal outcomes using population, customised, and 
Intergrowth charts: A Swedish population-based cohort study. 
PLoS Med. 2019; 16: e1002902.

22. Erkamp JS, Jaddoe VWV, Mulders AGMGJ, Steegers EAP, 
Reiss IKM, Duijts L, et al. Customized versus population birth 
weight charts for identification of newborns at risk of long-term 
adverse cardio-metabolic and respiratory outcomes: a popula-
tion-based prospective cohort study. BMC Med. 2019; 17: 186.

23. Zhang J, Sun K. Invited commentary: the incremental value of 
customization in defining abnormal fetal growth status. Am J 
Epidemiol. 2013; 178: 1309-1312.

24. Gardosi J. Intrauterine growth restriction: new standards for as-
sessing adverse outcome. Best Pract Res Clin Obstet Gynaecol. 
2009; 23: 741-749.

25. Gardosi JO. Prematurity and fetal growth restriction. Early Hum 
Dev. 2005; 81: 43-49.


