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Abstract

The objective of this study was to evaluate whether the global reference curves adapted on the basis of WHO data for India and the 
Hadlock reference curves fi t the population in India and to validate the reference curves. The data were retrieved retrospectively from 
the records of women registration for antenatal care at a charitable maternity hospital in Mumbai, India. All pregnancies were dated 
on CRL obtained before 14 weeks. Births before 34th week were excluded. The expected frequencies of birth weights below the 1st, 
5th, 10th, 50th, 90th, 95th and 99th centiles from three reference ranges were compared with observed frequencies. It was found that 
the WHO generic reference adapted to India signifi cantly underpredicted the birth weights and that the Hadlock reference ranges 
signifi cantly overpredicted the birth weights. The use of generic reference adapted to Sri Lanka showed a better fi t to the observed 
data. We concluded that global reference curves adapted on the basis of WHO data for India and the Hadlock reference ranges 
do not fi t all the population in India and the charts need validation. Reference charts modifi ed on the basis of data for Sri Lankan 
population show a better fi t to the observed data, and therefore are more appropriate for use in clinical practice in South India.
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Introduction

Birth weight is dependent on several parameters, the chief 
being the gestational age at delivery. Of the non-pathological 
variables, maternal ethnicity, height, and weight, as well as 
parity are some variables previously shown to infl uence the 
birth weight.[1] Defi nition of small for gestational age baby 
depends on accurate criteria for expected mean weight and 
standard deviation. Country of birth is oft en used as a proxy 
for ethnicity where the population is ethnically relatively 
homogeneous.[2-5] Infants who are small for gestational 
age, generally defi ned as having birth weight below the 

10th percentile at a particular gestational week, have a higher 
risk of various adverse outcomes in perinatal period.[6-9] 
Creation of a generic reference for fetal weight and birth 
weight that could be readily adapted to local populations was 
recently described.[10] The present paper is validation of the 
reference for birth weights adapted to the local population.

Materials and Methods

Information on maternal demographics [Table 1] was 
retrieved from pregnancies from women registration for 
antenatal care at a charitable maternity hospital in Mumbai, 
India. All pregnancies were dated on crown-rump length 
obtained before 14 weeks in keeping with accepted NICE 
guidelines.[11] We excluded all births below the 34th week.

We used mean birth weight at 40 weeks and the coeffi  cient of 
variation for India from the 2004-2008 WHO Global Survey 
on Maternal and Perinatal Health,[10] in order to construct 
the weight percentiles for the calculation of 5th, 10th, 50th, 
90th, and 95th centiles.
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Results and Discussion

The mean birth weight at 40 weeks of gestation was 2984 g.

The results of fi tt ing the observed data to Hadlock et al.’s 
reference range[12] are shown in Figure 1. It is obvious that 
the centile curves do not fi t the observed data distribution. 
The expected weight is far higher than the observed data.

Mikolajczyk et al. reported that the use of Hadlock reference 
ranges would lead to 60% of newborns in India being 
classifi ed as small for gestational age. In our study, the use 
of Hadlock reference ranges led to 47.6% of newborns below 
the 10th centile and only 1.1% above the 90th centile.

We concluded that the Hadlock reference ranges did not 
fi t our data and signifi cantly overpredicted birth weights.

The data were fi tt ed to WHO global reference range adapted 
for India, using the weight percentile calculator, and the 
results are shown in Figure 2.

The observed distribution of birth weight does not fi t the 
reference range derived from the global reference range 
adapted to Indian population based on the WHO survey. 
It identifi es approximately one-quarter of all babies to 
weight above the 90th centile, and therefore was signifi cantly 
underpredicting birth weights.

The reason for this could be the following:
• Mild differences in maternal characteristics as 

compared to the WHO study which, however, have 
been shown to play only a minor role in variation of 
birth weights[13,14]

• In the WHO survey, women were included even if the 
pregnancies were not dated by an early ultrasound scan 
which may have resulted in inaccuracy of birth weight at 
40 weeks. It is well known that women overestimate the 
gestational age in the absence of early ultrasound dating.[15]

Consequently, we searched for reference ranges of other 
countries in the WHO generic reference ranges which 
might fi t our data. Sri Lankan population is closer to South 
Indian in terms of ethnicity and the median maternal 
weight and the height for Sri Lankan women is 154 cm 
and 60 kg, respectively. We therefore repeated the exercise 
with global reference adapted to Sri Lankan population. 
Table 2 and Figure 3 show the use of generic reference 
adapted to Sri Lanka for our data. We found that 48.1% 
were below the 50th centile and 15.9% were above the 
90th centile and 12.2% were below the 10th centile. The 
observed distribution of birth weights fi ts these reference 
charts well. The mean birth weight and centiles are more 
symmetrically distributed.

Table 1: Demographic details of women participating in the study

Characteristic
Mean maternal age (SD) 27.62 (4.41) years

Median maternal height (IQR) 152 (149-156) cm

Median maternal weight (IQR) 53.5 (47-63.5) kg

BMI (median and IQR) 23.16 (20.73-26.67)

Number of nulliparous women (%) 75 (39.7%)

Median GA at birth (IQR) in weeks 37.1 weeks (35.57-40.0 weeks)

Birth weight in grams (mean and SD) 2616 g (521)
SD: Standard deviation, BMI: Body mass index, GA; Gestational age
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Figure 1: Distribution of birth weights based on centiles from Hadlock 
et al.

Figure 2: Distribution of birth weights using generic reference range 
adapted for India
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We have shown that global reference curves adapted on the 
basis of WHO data for India do not fi t all the population in 
India, and the charts need validation. We have also shown 
that the Hadlock reference curves do not fi t all the population 
in India. Reference charts modifi ed on the basis of data for 
Sri Lankan population fi t our data much bett er, and therefore 
are more appropriate to use in clinical practice.

The strength of our study is that all the participants had 
secure dating in pregnancy by means of an ultrasound scan 
in the fi rst half of the pregnancy. Weakness of our study 
includes a relatively modest numbers of participants, and 

Figure 3: Distribution of birth weights using generic reference range 
adapted for Sri Lanka

Table 2: Use of generic reference adapted to Sri Lanka

Use of generic reference 
adapted to Sri Lanka

N=189 Percentage 95% CI

<1st centile 3 1.6 0.3-4.6

<5th centile 14 7.1 4.1-12.1

<10th centile 23 12.2 7.9-17.7

<50th centile 91 48.1 40.8-55.5

>90th centile 30 15.9 11.0-21.9

>95th centile 18 9.5 5.7-14.6

>99th centile 5 2.6 0.9-6.1

CI: Confidence Interval

these preliminary results on a small sample size need to be 
further validated with larger numbers of patients.
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