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Abstract
Publication of the Intergrowth-21st and WHO growth charts raises the question of 
which growth data prenatal providers should use in clinical practice. Is it better to 
use a universal chart applied globally, or metrics based on local or regional growth 
patterns? And what about customized charts versus local charts? FIGO has reviewed 
the different growth charts and studies assessing their reproducibility and predic-
tive values for small- and large-for-gestational age newborns and, where available, 
adverse fetal outcomes. It concludes that local or regional charts are likely to be best 
for identifying the 10th percentile of newborns at highest risk. However, international 
standards for growth may also be used when coupled with locally appropriate thresh-
olds for risk interpretation.
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1  |  INTRODUC TION

Reference charts for fetal size and growth are intended to define 
normality and identify abnormal size and growth. In general, fetal 
or newborn weight below the 10th percentile (small-for-gestational 
age, SGA) is used to identify neonates who are likely to have sub-
optimal growth and are at increased risk for perinatal mortality and 
short- and long-term physical and behavioral impairment. Similarly, a 
weight or size above the 90th percentile (large-for-gestational age) is 
used to identify neonates who may have excess growth. Within this 
context, it is important to establish whether a local chart based on all 
pregnancies, a local chart based on only low-risk cases, or a universal 
chart should be used.

The recent publication of the Intergrowth-21st1 and WHO2 
charts for fetal growth and size necessitates careful discussion and 
consideration. The aim of the present FIGO position paper is to re-
view these two charts, alongside studies that have assessed their 

reproducibility and predictive value, in order to provide guidance on 
reference charts for fetal growth and size and birth.

1.1  |  Advantages and limitations of the 
Intergrowth-21st and WHO charts

The Intergrowth-21st charts, published in 2014,1 were based on 
large, prospectively collected data sets from healthy well-nour-
ished populations in Brazil, China, India, Italy, Kenia, Oman, the 
United Kingdom, and the United States. Size at birth and ultra-
sound measures according to gestational age were designed to 
be an estimate of physiologic or normal growth under ideal con-
ditions. The data suggest that growth curves are similar across 
different populations under optimal conditions and that the 
Intergrowth-21st charts may be used universally, abolishing the 
need for local charts.
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Universal charts are likely to identify more fetuses with a weight 
below the 10th percentile in populations where many unfavorable 
factors, such as malnutrition or hypertension, may adversely affect 
fetal growth; this may be one of the reasons why in India 50% of 
newborns have a birthweight below the global 10th percentile of the 
Intergrowth-21st charts.3 Among lower risk populations and groups 
with higher rates of fetal overgrowth (e.g., cases of maternal obe-
sity and/or gestational diabetes mellitus), the incidence of a weight 
below the 10th percentile may be lower than the universal 10th per-
centile. Prior studies have shown that, based on the 10th percentile 
for weight in the Intergrowth-21st charts, only 2%–3% of popula-
tions in high-income countries will be found to be SGA in contrast to 
up to 50% in countries such as India.3,4

The controversy regarding the Intergrowth-21st charts stems 
from the fact that, even under optimal conditions, fetal growth 
may not be the same in different countries. The Intergrowth-21st 
data show that skeletal fetal growth (head circumference), and 
length and head circumference at birth may differ by 2.5%–4.0% 
among populations, and the difference in birthweight may be as 
high as 20%.3 When comparing Intergrowth-21st data from India 
with those from the United Kingdom, for example, mean  ±  SD 
fetal weights at term were 2.9 ± 0.4 kg and 3.5 ± 0.5 kg in India 
and the United Kingdom, respectively.1 Newborn height after a 
term delivery was 48.6 cm and 49.9 cm, respectively, and head cir-
cumference was 33.1 cm and 34.5 cm, respectively.1 Similarly, in 
Norway it was found that there are differences in birthweight, ab-
dominal circumference, and ponderal index between ethnic west-
ern Europeans and second-generation immigrants with different 
ancestral backgrounds. This after correction for parity, maternal 
height, body mass index (BMI), age, education, and adjusted for 
paternal height and BMI.5

In other words, when corrected for confounding variables, fetal 
growth and size, and/or weight at birth do not seem to be the same in 
different populations. This conclusion was also reached in the 2017 
WHO fetal growth study using data that were also derived from low-
risk populations across multiple countries and regions.5 Data from 
Argentina, Brazil, Democratic Republic of the Congo, Denmark, 
Egypt, France, Germany, India, Norway, and Thailand were com-
pared, and considerable differences in fetal size among populations 
were noted. Between India and Norway, for example, there was a 
500-g difference in the 50th percentile for weight at term, and a dif-
ference of more than 600 g in the 10th percentile. These differences 
were almost the same as those found by the Intergrowth-21st study 
and shed doubt on a universal similarity in growth potential.

2  |  UNIVERSAL OR LOC AL 
(CUSTOMISED?)  CHARTS

Because the Intergrowth-21st and WHO charts were published rela-
tively recently, there have not been many validation studies. However, 
studies from New Zealand4 and the United Kingdom6 have shown that 
local charts identify more fetuses with a poor outcome as compared 

with the Intergrowth-21st charts. The UK study showed that 37% of 
stillbirths had a weight below the 5th percentile based on local charts, 
as compared with only 23% based on the Intergrowth-21st charts.6 
Similarly, the New Zealand data showed that, when comparing peri-
natal death and morbidity, customized charts identified significantly 
more neonates with a poor outcome than the Intergrowth-21st 
charts.4 The latter study concluded that the Intergrowth-21st charts 
failed to detect many at-risk SGA neonates, particularly among ethnic 
groups with larger maternal BMI, while disproportionately identifying 
higher rates of SGA among those with smaller maternal BMI.

In a third study, maternity data from 10 countries (ranging 
from Bhutan, China, and India to the United Kingdom and United 
States) with a total of 1.25 million term pregnancies were ana-
lyzed.7 Birthweight percentiles in relation to stillbirth were assessed 
by using the Intergrowth-21st charts and a customized gesta-
tion-related optimal weight chart, in which term optimal weight 
was adjusted for maternal height, weight, parity, and ethnic origin. 
Customized assessment resulted in increased identification of SGA 
and stillbirth risk. Thus, these data do not support use of the univer-
sal Intergrowth-21st charts.

3  |  DISCUSSION

Large data sets from Norway, Australia, the United Kingdom (two 
studies), and the Netherlands have shown that perinatal mortality 
(especially stillbirth) is highest in fetuses with a weight below the 
2.3rd percentile.8-12 With increasing weight, mortality gradually de-
creases and is lowest at approximately 1 SD above the mean (~90th 
percentile). The same holds for the incidence of cerebral palsy.13 The 
10th percentile identifies neonates at highest risk but remains an 
arbitrary cut-off because poor outcome will continue to fall with in-
creasing weight percentiles.

Population data on perinatal mortality in relation to birthweight 
percentiles are lacking for low- and middle-income countries; how-
ever, assuming that optimal fetal weight for survival is also approx-
imately +1 SD above the mean in those countries, for a progressive 
increase in perinatal mortality at lower birthweight percentiles and 
highest mortality for a weight below the 10th percentile, then local 
population charts should be used to identify small newborns at high-
est risk in the different populations. We would not promote a univer-
sal growth chart that identifies only the highest risk fetuses (<2.3rd 
percentile) in high-income countries and excludes those that have 
a weight between the 3rd and 10th percentile according to local 
charts. Nor would we promote use of a chart that identifies 50% of 
fetuses as being at increased risk, which is the case in India when the 
Intergrowth-21st charts are applied. It would be difficult to design 
management protocols if 50% of the population were identified to 
be at increased risk. In countries such as India, it is essential to iden-
tify the 10% of the population at highest risk, acknowledging that 
risks gradually decrease with increasing weight percentiles.

The above discussion is based on recognition that the obstetric com-
munity has widely internalized the 10th percentile as a threshold for risk. 

 18793479, 2021, 2, D
ow

nloaded from
 https://obgyn.onlinelibrary.w

iley.com
/doi/10.1002/ijgo.13500 by H

IN
A

R
I-L

E
B

A
N

O
N

, W
iley O

nline L
ibrary on [16/04/2024]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense



150  |    VISSER et al.

An alternative approach (which is widely used in child health anthropom-
etry) is to use international standards for growth and to select a locally 
appropriate threshold for risk interpretation in percentiles or z scores. In a 
high-income country setting, it is likely that a higher percentile (e.g., 15th 
or 20th percentile) might be more useful as a marker of risk; in a low-in-
come setting, by contrast, a lower percentile threshold for special surveil-
lance (e.g., 3rd or 5th percentile) would be appropriate. The authors of 
the WHO charts also point out the possibility of adjusting the charts “by 
changing cut-offs to fit clinical needs better”.2 Whichever the setting, it 
should be realized that prenatal fetal weight estimation is not very precise.

The Intergrowth-21st and WHO charts have shown that birth-
weights do not differ much between neighboring countries; in other 
words, for countries without their own local growth charts, regional 
charts for populations with the same ethnicity may be used and there 
is no great need to develop charts for each individual country. For 
instance, term birthweight in low-risk pregnancies is approximately 
3.3 kg in southern Europe and 3.5 kg in northern Europe. Similarly, 
term birthweight in Brazil and Argentina are also more or less the 
same. For immigrant populations, it may be wise to use customized 
charts that take ethnicity into account.

Local charts may be based on data from all pregnancies or from 
only low-risk pregnancies. The latter seems preferable because 
more SGA fetuses may be identified. To our knowledge, however, no 
studies have compared outcomes in relation to the two approaches.

Customized charts, based on parity, maternal weight, fetal sex and 
ethnicity, may improve the detection of SGA fetuses with highest risk 
of perinatal mortality and morbidity, which is an argument for using 
these charts (e.g., 14,15). However, their utility was not demonstrated 
either in a prospective study16 or a population study.17 Among other 
reasons, this may be due “to the fact that their apparent benefit in 
improving the prediction of adverse outcomes is derived from their 
incorporation of intrauterine based reference values at preterm ages 
rather than adjustment for maternal characteristics”.18,19 When as-
sessing fetal size prenatally by ultrasound, fetal size charts of ongo-
ing pregnancies for gestation should be used and not the birthweight 
charts. This is especially important before 34–36 gestational weeks, 
when ultrasound estimated fetal weight is approximately 200 g higher 
than the corresponding weight of a neonate born preterm,20 or when 
the proportion of neonates with a birthweight below the 10th per-
centile is considerably higher as compared with fetuses still in utero.21 
Comparing ultrasound estimated fetal weight with birthweight charts 
will underestimate the proportion of fetuses that are SGA in ongoing 
pregnancies. The lower weight of neonates born preterm is likely to 
reflect the high incidence of growth restriction that is associated with 
pre-eclampsia and/or with spontaneous preterm birth. At term, there 
are no large differences between fetal size charts and newborn size 
charts. Assessment of fetal growth with a one-time measurement re-
mains standard clinical practice, despite recognition that a single mea-
surement can indicate only size. At least two measurements separated 
in time are needed to estimate a trajectory.

Timing of delivery of the SGA fetus depends on more variables 
than size alone, such as maternal disease, gestational age, Doppler 
measurements of feto-placental circulation, and local facilities 

to cope with very preterm neonates. The TRUFFLE study pro-
vides a management protocol for delivery of an SGA or intrauter-
ine growth-restricted fetus before 32 gestational weeks.22 After 
37 weeks, an SGA fetus may be delivered on the basis of size alone, 
especially if the estimated weight is below the 2.3rd percentile.23,24 
More studies are necessary to determine the timing of delivery of 
SGA fetuses between 32 and 37 weeks.

Lastly, in term pregnancies there is a poor correlation between 
size at birth and stillbirth; therefore, development of markers for de-
terioration of the fetal condition in utero would seem to have greater 
importance than discussions regarding the most appropriate growth 
chart.25

4  |  CONCLUSIONS

•	 In low-risk, healthy, well-nourished optimal populations, such 
as those included in the Intergrowth-21st study, skeletal fetal 
growth (head circumference) and length and head circumference 
differ at birth by 2.5%–4.0% among populations, and birthweight 
by up to 20%. Similar differences in birthweight are also observed 
in the WHO growth study.

•	 Based on the 10th percentile for weight in the Intergrowth-21st 
charts, only 2%–3% of populations in high-income countries will 
be found to be SGA and at high risk, in contrast to up to 50% in 
countries such as India.

•	 Knowing that perinatal mortality and severe morbidity decrease 
with increasing weight percentiles (up to +1 SD above the mean; 
only studied in high-income populations), it seems unrealistic to 
identify only 2.3% or alternatively up to 50% of the population 
as being at increased risk. For practical reasons, therefore, local 
reference charts identifying the lowest 10th percentile of that 
particular population seem to be most appropriate, but it must 
be realized that mortality and morbidity continue to fall with in-
creasing weight percentiles and that fetal weight measurements 
or estimations are not very precise.

•	 Alternatively, international standards for growth may be used 
with locally appropriate thresholds for risk interpretation.

•	 There is no great need to have charts for individual countries, be-
cause birthweights do not differ largely in neighboring countries 
with similar ethnicity.

•	 When assessing fetal weight percentiles, ultrasound size and 
growth charts should be used rather than birthweight charts. This 
is especially important during the preterm period.
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