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The World Health Organization fetal growth charts:
concept, findings, interpretation, and application
Torvid Kiserud, MD, PhD; Alexandra Benachi, MD, PhD; Kurt Hecher, MD; Rogelio González Perez, MD;
José Carvalho, PhD; Gilda Piaggio, PhD; Lawrence D. Platt, MD

Ultrasound biometry is an important clinical tool for the identification, monitoring, and management of fetal growth restriction and
development of macrosomia. This is even truer in populations in which perinatal morbidity and mortality rates are high, which is a
reason that much effort is put onto making the technique available everywhere, including low-income societies. Until recently, however,
commonly used reference ranges were based on single populations largely from industrialized countries. Thus, the World Health
Organization prioritized the establishment of fetal growth charts for international use. New fetal growth charts for common fetal
measurements and estimated fetal weight were based on a longitudinal study of 1387 low-risk pregnant women from 10 countries
(Argentina, Brazil, Democratic Republic of Congo, Denmark, Egypt, France, Germany, India, Norway, and Thailand) that provided 8203
sets of ultrasound measurements. The participants were characterized by median age 28 years, 58% nulliparous, normal body mass
index, with no socioeconomic or nutritional constraints (median caloric intake, 1840 calories/day), and had the ability to attend the
ultrasound sessions, thus essentially representing urban populations. Median gestational age at birth was 39 weeks, and birthweight
was 3300 g, both with significant differences among countries. Quantile regression was used to establish the fetal growth charts, which
also made it possible to demonstrate a number of features of fetal growth that previously were not well appreciated or unknown: (1)
There was an asymmetric distribution of estimated fetal weight in the population. During early second trimester, the distribution was
wider among fetuses <50th percentile compared with those above. The pattern was reversed in the third trimester, with a notably wider
variation >50th percentile. (2) Although fetal sex, maternal factors (height, weight, age, and parity), and country had significant influence on fetal weight (1e4.5% each), their effect was graded across the percentiles. For example, the positive effect of maternal
height on fetal weight was strongest on the lowest percentiles and smallest on the highest percentiles for estimated fetal weight. (3)
When adjustment was made for maternal covariates, there was still a significant effect of country as covariate that indicated that ethnic,
cultural, and geographic variation play a role. (4) Variation between populations was not restricted to fetal size because there were also
differences in growth trajectories. (5) The wide physiologic ranges, as illustrated by the 5the95th percentile for estimated fetal weight
being 2205e3538 g at 37 weeks gestation, signify that human fetal growth under optimized maternal conditions is not uniform. Rather,
it has a remarkable variation that largely is unexplained by commonly known factors. We suggest this variation could be part of our
common biologic strategy that makes human evolution extremely successful. The World Health Organization fetal growth charts are
intended to be used internationally based on low-risk pregnancies from populations in Africa, Asia, Europe, and South America. We
consider it prudent to test and monitor whether the growth charts’ performance meets the local needs, because refinements are
possible by a change in cut-offs or customization for fetal sex, maternal factors, and populations. In the same line, the study finding of
variations emphasizes the need for carefully adjusted growth charts that reflect optimal local growth when public health issues are
addressed.
Key words: birthweight, estimated fetal weight, fetal development, fetal growth, fetus, growth standard, maternal characteristic,
multicenter, population variation, reference range, ultrasound
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irthweight that reﬂects intrauterine growth is an important
determinant for perinatal morbidity
and death1,2 and, in recent years, has
been shown to be a marker of postnatal life-course health risks.3 Correspondingly, ultrasound biometry has
become the cornerstone of diagnosis
and management of fetal growth deviation,4,5 but it is also used for the
study of fetal growth dynamics underlying postnatal health development6-10; the ultimate aim is to
develop lifestyle strategies for adolescent and pregnant women and to
improve
off-spring
life-course
health.11
Perinatal mortality rates are particularly high in the large populations of
middle- and low-income countries
where 98% of the world’s neonatal
deaths occur,12 which is a reason that
there are international efforts to make
ultrasound technology available to those
societies. However, it is of concern that
available reference ranges for fetal ultrasound biometry are derived largely
from single populations in industrialized
societies with uncertain applicability in a
world of ethnic variation.5 Based on a
review of the literature on birthweight as
a health outcome, an expert panel
convened by the World Health Organization (WHO) documented a need for
fetal and child growth charts for international use.13 Accordingly, the WHO
published a child growth standard based
on a multicenter study in 200614 and
followed up with the study on fetal
growth to be discussed here.15,16
In the mean-time a couple of large
studies appeared. First, the multicenter
Fetal Growth Longitudinal Study of the
INTERGROWTH-21st Project (hereafter called Intergrowth-21st) was
published and presented fetal biometrical standards17 followed by an article
on estimated fetal weight (EFW).18
Second, another relevant large study
appeared from the United States, the
National Institute of Child Health and
Human Development (NICHD) Fetal
Growth Studies.19 Together with the
WHO study, they form the main basis
for a renewed discussion on reference
ranges.
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The method is more robust against outExtract of the Study Methods
The WHO fetal growth charts are based liers. (3) It is easy to incorporate covaon a prospective longitudinal observa- riates in a model and use well-known
tional study that was conducted from statistics to assess their effect on a
2009e2014 and was carried out at dependent variable. (4) There is relevant
10 ultrasound centers in Argentina, goodness of ﬁt techniques available to
Brazil, Democratic Republic of Congo, assess the appropriateness of a model.
Because the mean and standard deviDenmark, Egypt, France, Germany,
India, Norway, and Thailand.16 Totally, ation (SD) are statistics that are
1439 women provided written consent; informative in the case of normal distrieach woman had a singleton pregnancy butions, they are not suited for use with
between gestational week 8þ0 and 12þ6 quantile regression because, with this
according to a regular and reliable last approach, quantile estimates are obtained
menstrual period that was corroborated directly without going through procedby the crown-rump length within 7 ures that convert a distribution (after
days as assessed by ultrasound imag- many steps) to a normal distribution to
ing.20 Requirements were prescriptive obtain Z-scores. With our procedure,
(ie, age, 18e40 years; body mass index, the user can obtain a quantile instead of a
18-30 kg/m2; and no known health, Z score to assess the location of a fetus of a
environmental, nutritional, or socio- particular gestational age in relation to
economic constraints). In addition to the reference population. (Example: A
anthropometric and nutritional assess- fetus of gestational age 30 weeks
ment, the participants attended 7 with EFW 1288 g would be between the
ultrasound sessions to measure fetal 5th [1247 g] and 10th percentile [1313 g]
head circumference, biparietal diameter, according to the WHO fetal growth
abdominal circumference and femur chart. By interpolation, a more speciﬁc
length, and EFW was calculated with the percentile can be calculated:
use of formula III from Hadlock et al.21
After withdrawals, lost to follow up, 10 percentile½10 percentile5 percentile
miscarriages, medical abortions, and
½1313g1288g=½1313g1247g
intrauterine deaths, 1387 participants
¼ 8:1 percentile:
had data that entered the statistical
analysis that applied quantile regression
That is, the fetus is at the 8th percentile).
to establish growth chart percentiles.

Quantile Regression
Because quantile regression, which is a
nonparametric method that was used in
the present study, is less familiar to many
colleagues, we here point out a few features that were decisive for our choice
of method. (1) It is a well-established
statistical method,22-24 increasingly
used, with important applications in
different ﬁelds that includes fetal growth
curves.25 Its use has become accessible
with the development of computer power
that can handle intensive computations.
It has the advantage of being independent
of any distributional assumption or
transformation to normality because it
estimates distributions directly determining the quantiles (in our study:
percentiles), thus being a more direct
method of representing the observations
and their distributional differences. (2)
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Population Characteristics: What We
May Infer
The participating women had no socioeconomic constraints, had median
caloric intake of 1848 calories/day
(interquartile range [IQR], 1487e2222),
age 28 years (IQR, 25e31), height 163
cm (IQR, 157e168), weight 61 kg (IQR,
55e68), body mass index (BMI), 23.1
kg/m2 (IQR, 21.0e25.4); 58% of the
women were nulliparous. Overall, the
cesarean rate was 32%, but with substantial variation: Brazil, 70%; Egypt,
50%; India, 36%; Thailand, 49%; Democratic Republic of Congo, 6%; and
Norway, 9%. The overall median of 67%
spontaneous onset of labor and substantial country variation ranged from
29% in Brazil to 91% in Norway,
reduced the number of observations
near term, and constituted an increasing
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risk of selection bias, particularly for the
estimation of percentiles for 39 weeks
gestation and beyond (Figure 1).
Although the study was not designed
primarily to discern ethnic differences,
data on self-reported ethnicity were
collected. However, because it was
greatly confounded with country, this
design variable (instead of ethnicity) was
used for modeling EFW changes with
gestational age. We acknowledge the
limitation of self-reported ethnicity and
relation between ethnicity, social and
cultural traditions, and the geographic
inﬂuences on individual lives that
contribute to differences among populations (eg, participants who lived
1500 meters above sea level were not
included in the WHO study).
Although the number and worldwide
distribution of populations that were
included in the WHO study make the
growth charts more generally applicable,
we acknowledge that the selected populations for the study represent a very
restricted fraction of the genetic, ethnic,
cultural, and geographic variation
around the world; Democratic Republic
of Congo and Egypt represent the African continent, which contains a larger
genetic diversity than the entire rest of
the world26; and participants from India
and Thailand, who represent the varied
populations of Asia, are also small samples of their own countries’ ethnic
diversities.

Pregnancy Outcomes
The median gestational age at birth was
39 weeks 3 days (IQR, 38wkþ3de40
wkþ2d), with signiﬁcant differences
between countries (P<.001); the lowest
was in India (38wkþ4d), and the highest
was in Norway (40wkþ3d). Preterm
births (<37 weeks gestation) were 7.5%;
the lowest was in Germany (3.6%), and
the highest was in Egypt (14.7%; P¼.03
for differences among countries).
Neonatal sex distribution showed
47% were female. Median birthweight
was 3300 g (IQR, 2980e3615). Highest
median birthweight (3575 g) was found
in Norway, although it was 100 g less in
Denmark and Germany; 200 g less in
Argentina, Brazil, and France; 400 g less
in Democratic Republic of Congo,

FIGURE 1

World Health Organization fetal growth chart: estimated fetal weight
percentiles

The growth chart for estimated fetal weight is based on a longitudinal study of 1387 low-risk
pregnancies from 10 countries. Under optimal living and nutritional conditions, fetal growth was
not uniform but exposed a substantial dispersion, which was wider among the large fetuses than the
small ones. Near term, the number of observations (grey) tended to be lower. From Kiserud T, Piaggio
G, Carroli G, et al. The World Health Organization fetal growth charts: a multinational longitudinal
study of ultrasound biometric measurements and estimated fetal weight. PLoS Med
2017;14:e1002220. With permission.
Kiserud. WHO fetal growth charts. Am J Obstet Gynecol 2018.

Egypt, and Thailand; and 500 g less in
India (P<.001). The differences were still
signiﬁcant for all birthweight percentiles
when adjusted for gestational age at
birth: P¼.0018 for the 5th percentile;
P<.001 for the 10th, 25th, 50th, 75th,
90th, and 95th percentile.
Apgar score <7 at 5 minutes occurred
in 0.8% and was distributed equally
among the countries.

Maternal, Fetal, and Neonatal
Complications: Exclude or Not
Maternal complications occurred in 137
pregnancies (9.9%), some having >1
condition: preeclampsia (22 pregnancies) hypertension (16 pregnancies),
gestational diabetes mellitus (32 pregnancies), malaria (42 pregnancies),
anemia (19 pregnancies), and others (16
pregnancies).

During pregnancy, there were 29
miscarriages, 2 medical abortions, and 3
intrauterine deaths, for a total of 34
events (2.4%) that ranged from 0% in
Germany to 6.4% in Democratic Republic of Congo. The numbers of miscarriages may seem low, and the reason
may be that the population that was
included had no known risks. All women
had ﬁrst trimester scans, and participants were not included if abnormalities
were diagnosed at this stage. The
numbers corroborate recent Danish
data.27 Eight fetal malformations were
identiﬁed during pregnancy (including 1
at birth). In 4 pregnancies, growth
restriction had been suspected clinically;
2 women underwent Doppler examination that revealed no abnormality,
and all 4 pregnancies were completed
uneventfully.
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FIGURE 2

World Health Organization fetal femur length/head circumference and femur length/biparietal outer-inner
diameter ratios

The ratio of fetal A, femur length and head circumference or B, biparietal outer-inner diameter are intended for the assessment and monitoring of
suspected disproportions (eg, microcephalic conditions). Particularly the femur length/biparietal outer-inner diameter ratio remains almost constant at
>22 weeks of pregnancy, which is useful when gestational age is not reliably determined. From Kiserud T, Piaggio G, Carroli G, et al. The World Health
Organization fetal growth charts: a multinational longitudinal study of ultrasound biometric measurements and estimated fetal weight. PLoS Med
2017;14:e1002220. With permission.
Kiserud. WHO fetal growth charts. Am J Obstet Gynecol 2018.

Totally 83 neonates (6%) were transferred to the neonatal intensive care unit,
commonly because of prematurity, respiratory distress syndrome, infections,
or jaundice. There were 3 neonatal
deaths; in addition to the 3 intrauterine
deaths, they constitute a perinatal mortality rate of 0.4%.
The WHO study recruited and
included participants in a prescriptive
fashion with the intention of conditioning for optimal fetal growth. Even in
a low-risk population complications can
develop during the pregnancy. Some
researchers would exclude these cases
from the analysis, arguing that complications in pregnancy are associated with
increased risk of growth deviations (eg,
preeclampsia and gestational diabetes
mellitus) and that the reference charts no
longer represent normal growth.28 Other
investigators would keep them in,
arguing that such complications are part
of being a low-risk (not a nonrisk)
population.29 They would also argue that
these exclusions would introduce skewness in the distribution and shift the
growth charts towards being even more

“super-normal” than the population that
the charts are meant to serve. Many epidemiologists would support the view
that reference ranges and cut-offs should
reﬂect the population for which they are
intended. Both views have their merits.
We expand on this issue under the section later. For the WHO study, we made
the decision to keep these participants in
the study and analyze the effect of
removing or keeping them in. We ran the
model for each EFW percentile with or
without these cases, and there was no
change in the percentiles. That may be
due to low number of cases or that the
conditions were mild with minimal or
no effect on growth. As for the fetal
conditions, they were too few to have any
statistical impact anyway.

Growth Charts Features
The WHO fetal growth study established
growth charts for head circumference,
biparietal
diameter
(outer-inner),
abdominal circumference, femur length,
humerus length, and EFW (Figure 1).
The ratios femur length/head circumference and femur length/biparietal
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diameter were added to provide
screening tools when fetal body proportions are suspected to be out of range
in clinical settings (Figure 2). We focused
on EFW being the cornerstone of obstetric ultrasound biometry. Having
recruited prescriptively to provide
optimal fetal growth, one could argue
that would lead to a uniform growth of
the fetal population reaching their “genetic potential,” provided there are no
differences in ethnic background or genetic or epigenetic regulation. Figure 1
shows otherwise; the dispersion of individual human fetal growth demonstrated
here is remarkable. At 39 weeks gestation,
95% of the fetuses spread from
2612e4247 g. Such a variation, despite of
uniformly optimized maternal condition,
makes us speculate that it could be the
result of an advantageous evolutionary
strategy; variation increases collective
capacity to adapt to the varied challenges
on earth.
The distribution is not symmetric
(Figure 1). Although there is a slightly
wider dispersion at <50th percentile in
the early weeks of the second trimester
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(Bowley’s coefﬁcient of asymmetry,
e0.016),30 the pattern inverts during the
second half of pregnancy with a noticeably wider spread at >50th percentile
(Bowley’s coefﬁcient, þ0.111). A
possible biologic explanation for this
would be that abundance in resources
allows expansion in size, which is reﬂected in the dispersion of higher percentiles; on the other extreme, relatively
limited resources do not permit such
variation, and the percentiles remain
denser.

Fetal and Maternal Factors Have
Graded Influence on Growth
Fetal sex difference and maternal characteristic are known to inﬂuence
growth31,32 and does so in this multicenter study also. Because quantile
regression was applied to establish the
reference ranges, each percentile was
estimated separately, which provided the
possibility of testing the effect of fetal sex
difference on each of them. The magnitude of the effect (3.5e4.5%) justiﬁed
the construction of customized reference
ranges for female and male fetuses
(Figure 3); the stronger effect was on the
higher percentiles (Figure 4).
Maternal age inﬂuenced fetal size
positively (2e3% per 10 years); the effect
was strongest on the lower percentiles
(Figure 4).
Parity (1 vs 0) also had a positive
effect (1e3%) but graded across the
percentiles and strongest for the smaller
fetuses (Figure 4). Being aware of the
known relation between maternal age
and parity, we controlled for this during
the analysis to present their separate
effects.
Maternal weight had a small but
positive effect on EFW (1e1.5% per
10 kg); bear in mind that 1 of the
inclusion criteria to the study was BMI
18-30 kg/m2 (ie, no extreme weights).
The effect of maternal weight was
graded across the fetal population: the
highest effect on highest percentiles
(Figure 4).
Maternal height, which also had a
positive effect (1e2% per 10 cm), had an
opposite trend of the effect on the percentiles: the highest effect on the smallest
fetuses (Figure 4).

FIGURE 3

World Health Organization sex-specific growth percentiles for estimated
fetal weight

The effect of fetal sex on estimated fetal weight was 3.5e4.5%, which justified separate charts.
From Kiserud T, Piaggio G, Carroli G, et al. The World Health Organization fetal growth charts: a
multinational longitudinal study of ultrasound biometric measurements and estimated fetal weight.
PLoS Med 2017;14:e1002220. With permission.
F, female; M, male.
Kiserud. WHO fetal growth charts. Am J Obstet Gynecol 2018.

BMI was also considered by running
the models after having substituted
weight and height by BMI. BMI’s effect on EFW was lower than for height
and weight: 0.1% for each unit of
BMI. The result might have been expected because BMI is a measure of
body proportion rather than absolute
resources, and the effect may be more
pronounced for extreme values of
BMI33; the study participants all had
BMI, 18e30 kg/m2.
These covariates, maternal and fetal,
have been examined previously.34-36 The
WHO study, however, has shown that
the effects are not large and are not
exerted equally among different EFW
percentiles but may add up to be of
clinical relevance. It makes any customization for individual use more complex,
but statistical development, growing
computer power, and more data accrual
should handle it.

Country Variation
In the WHO study, ethnic and cultural
differences were represented by the
classiﬁcation “country.” Country inﬂuenced fetal growth signiﬁcantly
(Figure 5), and the variation in growth
pattern is speciﬁcally visualized for the
10th, 50th and 90th percentiles in
Figure 6. The variation in EFW corroborated the signiﬁcant country differences
in birthweight. For example, India with
the lowest birthweight also had the
lowest course of the 10th, 50th, and 90th
percentile for EFW; maternal characteristics could explain only part of the
country variation. On the other hand,
other populations followed other and
steeper trajectories, at times even
crossing others (eg, the Norwegian;
Figure 6) and signifying variations in
growth trajectories. The results indicate
that populations, even under optimal
nutritional conditions and environment,
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FIGURE 4

Factors that influence fetal growth

A and B show how factors (green line) influenced estimated fetal weight percentiles (represented
by quantiles; 0.05e0.95 quantiles correspond to 5e95 percentiles). The vertical scale shows the
regression coefficients in the logarithmic scale (a difference in the logarithmic scale is a ratio in
the original scale). The interpretation is thus, for example, for the effect of sex, that the female
fetuses are 3.5e4.5% smaller than male fetuses. Although fetal sex had similar effect on all
percentiles, it was observed to be an increasing (maternal weight) or decreasing trend between
the 5th and 95th percentile (parity and maternal age and height). Also shown: intercept,
gestational age and quadratic gestational age (gagewgagew). The grey zone indicates 95%
confidence band.
Kiserud. WHO fetal growth charts. Am J Obstet Gynecol 2018.
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vary and that fetal growth varies and
should be considered when the WHO
fetal growth charts or any growth references are applied. It is also prudent to
acknowledge particularly 2 aspects of
limitation: ﬁrst, that the populations (or
ethnic groups) that were selected for the
study were urban in a world in which
major groups still live in rural areas and,
second, that the 10 included populations
represent an extremely small proportion
of the global genetic and ethnic variation. The study recruited 1 group in
Egypt and another in Democratic Republic of Congo; Africa is known for a
genetic diversity that exceeds the rest of
the world,26 and their anthropometric
variation is substantial.

Relating to Other Studies
To appreciate the practical consequences
of the WHO and Intergrowth-21st percentiles for international use, their 10th
and 90th percentiles for selected gestational ages have been compiled in
the Table, which also includes the
results of the NICHD and a Nordic
single-population study.29 Although not
statistically tested, 10th percentile is
numerically lower in the Intergrowth21st compared with the WHO study
for 28, 32, and 36 weeks gestation (e75,
e164, and e208 g) and for the 90th
percentile (e92, e98, and e68 g).
In Intergrowth-21st, the values of the
biometric measurements were not
revealed on the screen during the study,
the idea being that the ultrasound
operator could be biased to produce
measurements that are less extreme.
The WHO study exposed these measurements, and the question arises
whether this could lead to skewness in
the WHO study. In the WHO study, the
midwives/sonographers had a long
experience in clinical assessments and
research. According to the protocol and
ethical code, the project was committed
to reveal to the woman any ﬁnding of
importance to clinical treatment, and
ensure that she was followed clinically.
This was also in line with the
routine that these midwives otherwise
followed in their clinical practice, where
missing a diagnosis was not a wanted
outcome of the scan session, thus
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conditioning a professional attitude to
their measurements.
Intergrowth-21st studies introduced
standards for fetal growth and birthweight, with a similar design to the
previous WHO child growth standards,37 but their concept of 1 size ﬁts
all has met with critics repeatedly.38-41
The NICHD fetal growth study also
used the expression “standard” but
acknowledged variation and established
ethnic-speciﬁc curves.19 During the
WHO fetal growth study, these terms
were discussed, and we ended with the
more neutral WHO fetal growth charts
acknowledging that, although these are
charts that are intended for international
use, variation across populations exists
and has to be kept in mind when applied.
There are good reasons for a careful
consideration before labeling a fetal
growth chart as a standard, because it
implicitly conveys a concept and a
principle that this is how normal children should develop worldwide,42 which
is not evidenced. Also, it may stigmatize
and render normal pregnancies
abnormal, with consequences for management strategies.

Different Underlying Concepts,
Different Conclusions
To understand how 2 similar multinational fetal growth studies (the WHO
study and Intergrowth-21st) have
reached different results and conclusions, it is worthwhile to look at their
underlying concepts. Intergrowth-21st
had the concept that optimal fetal
growth would be the same across various
populations, provided maternal nutrition and condition were optimal. Thus,
they designed their study to establish a
single growth standard by pooling
growth data from different populations.
To assess degrees of likeness, they used
the quotient “site-speciﬁc deviation0.5
SD” (ie, [site meaneall sites mean]/SD
of all sites, expressed in SD units).43
Whether there was any signiﬁcant population difference was not addressed.
Their graphs, however, showed that Indian fetal head circumference was
outside the e0.5 SD site-speciﬁc deviation; on the other extreme, Italy
had þ0.5 SD at 34e40 weeks gestation.

FIGURE 5

World Health Organization estimated fetal weight percentiles: country
variation

Estimated fetal weight in the World Health Organization study is shown with the 5th (red), 50th (blue)
and 95th percentile (green). Lines represent fitted over-all values, and dots represent fitted percentiles for the separate countries. From Kiserud T, Piaggio G, Carroli G, et al. The World Health
Organization fetal growth charts: a multinational longitudinal study of ultrasound biometric measurements and estimated fetal weight. PLoS Med 2017;14:e1002220. With permission.
Kiserud. WHO fetal growth charts. Am J Obstet Gynecol 2018.

Further, at birth 37 weeks gestation,
Indian neonates were 0.6 kg lighter than
neonates in the United Kingdom. However, formal testing for differences was
not published because it probably had
not been a research aim.
The WHO study was not only
designed similarly (ie, prescriptive inclusion criteria to make a single overall
growth curve) but also made it an aim to
test for factors that inﬂuence growth,
including population differences. Thus,
this study showed that signiﬁcant differences existed between populations
and that maternal factors inﬂuenced
fetal growth.
The WHO study corroborates the
NICHD study that ﬁrst had tested
whether there were ethnic differences
and then established ethnic-speciﬁc
growth curves for these populations in

the United States.19 This all shows how
important research questions and aims
are to the design and analyses and, in the
end, to the results that are used for the
conclusions. Based on the statistical
power of Intergrowth-21st and what is
exposed in graphs and tables, it is quite
likely that an analysis would have shown
signiﬁcant population differences, thus
bringing the 3 studies to similar conclusions, that population variation exists
and is reproducible.

Ethnicity and Variation
Ethnicity, and particularly self-reported
ethnicity, is not a straight-forward characteristic of a person or population. It is
more than just genetic differences
because it commonly is associated with
social inheritance, such as cultural and
nutritional traditions, and geographic
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FIGURE 6

Country-wise development of estimated fetal weight in the World Health Organization study

The 90th percentile (A), 50th percentile (B), and 10th percentile (C) demonstrate variation of growth trajectories in estimated fetal weight among the 10
participating countries in the World Health Organization study. From Kiserud T, Piaggio G, Carroli G, et al. The World Health Organization fetal growth
charts: a multinational longitudinal study of ultrasound biometric measurements and estimated fetal weight. PLoS Med 2017;14:e1002220. With
permission.
Kiserud. WHO fetal growth charts. Am J Obstet Gynecol 2018.

and environmental differences, all of
which inﬂuence epigenetic settings, even
to some extent conveyed in a transgenerational fashion.
The question of optimal growth and
optimal size also needs answers to where
and for what. These large studies have
recruited participants that, to a large
extent, reﬂect conditions and lifestyle of
western urbanized women and when
living in other societies of the world.
However, are these conditions and the
predominant
sedentary
lifestyle

conducted in these societies models for
optimal health development? The
ongoing and growing epidemic of noncommunicable diseases tells a different
story.3
What is apparent from all 3
studies16,17,19 and previous studies29,44-46
is the strikingly wide variation of human
fetal growth and birthweight even when
conditions are optimized.
One, it does not support the concept
that equal conditions will produce equal
fetal size. Rather, it creates an impression
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that, under favorable nutritional and
environmental conditions, the human
species can afford ample variation,
which is a strategy that has proved efﬁcient in evolutionary terms, because the
human species dominates on all continents. The WHO study could explain
but a fraction of such variation by
maternal characteristics, fetal sex, and
population variation.
Two, optimal conditions and size
may not be the same for an optimal life
course in Alaska as in South India or
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TABLE

Estimated fetal weight from relevant studies presented with 10th and 90th percentiles for selected gestational
stages
Gestational week
Variable

20

24

28

32

36

289

583

1045

1686

2432

288

576

1023

1624

2310

286

576

1026

1635

2352

286

559

985

1579

2264

283

610

1102

1730

2411

279

555

987

1595

2298

275

546

978

1574

2262

602

951

1473

2144

408

833

1472

2304

3230

381

771

1391

2276

3368

380

765

1368

2187

3153

10th Percentile of estimated fetal weight (g)
United States: whitea
Democratic Republic of Congo
World Health Organization

b

c

United States: blacka
Norway

d

United States: Hispanic
United States: Asian

a

a

Intergrowth-21ste
90th Percentile of estimated fetal weight (g)
Norwayd
United States: white

a

World Health Organizationc
United States: Hispanic

a

379

755

1353

2209

3245

a

376

742

1317

2135

3115

United States: Asiana

373

737

1318

2129

3111

345

700

1277

2083

3032

751

1276

2089

3089

United States: black

Democratic Republic of Congo
Intergrowth-21st
a

b

e

Buck Louis et al19; b Landis et al59; c Kiserud et al16; d Johnsen et al29; e Stirnemann et al.18 The World Health Organization study, the National Institute of Child Health and Human Development
study from United States, the Intergrowth-21st study, a study from the Democratic Republic of Congo, and another from Norway are listed according to descending values at 20 weeks but are not
formally compared or ranked. Modified from Kiserud T, Piaggio G, Carroli G, et al. The World Health Organization fetal growth charts: a multinational longitudinal study of ultrasound biometric
measurements and estimated fetal weight. PLoS Med 2017;14:e1002220. With permission.

Kiserud. WHO fetal growth charts. Am J Obstet Gynecol 2018.

Rift Valley or rural and urban area.
Probably more important, the optimal
underlying proﬁles of metabolism and
physiology will also differ. In short, this
means that we need to adapt our clinical
tools and assessment strategies to ﬁt
the various populations of the world
optimally. One good attempt to do so
is the construction of generic growth
charts that are adaptable to local
populations.45
Third, many societies have seen
substantial development, changing
environment and lifestyle, and secular
changes in population anthropometrics.
For example, during the period
1967e1998, birthweight at 40 weeks
gestation increased by 100 g in Norway,47
which indicates that reference ranges
for fetal growth and birthweight need
updating at intervals.

Four, in addition to the need for the
adjustment of reference charts to local
needs,45,48 the wide variation of fetal
growth within populations calls for more
individualized assessment strategies49
(ie, taking into account more of the
information commonly available but
not systematically used [eg, birthweight
of siblings, maternal and paternal birthweights,50,51 and growth velocities and
individual growth trajectories, concepts
that have been addressed in different
ways]).52-55 The acceptance of individual
variation extends also to proportions,
possibly increasing predictive capacity by
adding 3-dimensional measurements of
various body sections.56

Applying Fetal Growth Charts
The recent fetal growth charts that are
based on multiple populations should

be, by design, the ﬁrst choice for an area
where no population-speciﬁc references
exist rather than previously used charts
that are based on single populations
from high-income societies. Further,
what emanates from the recent studies
and the discussion that follows them is
that there is no clear indication that 1
fetal growth standard is equally applicable for all pregnancies of the world,
not for clinical use and not for public
health issues that include life course and
health risks in adult life.
When the need comes for the
improvement of clinical testing in a
population, it is possible to adjust cut-off
levels (level of percentile), to customize
the percentiles according to fetal sex, and
to take into account maternal factors.
Because the presently available multinational studies represent very limited
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selections of the world’s population
variation, it is also quite possible that
population-speciﬁc growth charts may
be the solution (eg, populations adapted
to high altitudes or other extreme
conditions).
The need for fetal growth and birthweight reference values in the growing
initiative of combating noncommunicable
diseases is obvious, particularly because
WHO emphasizes prevention as the best
strategy.57 Thus, periconception health,
pregnancy development, fetal development, birth, and early infant development
come into focus containing major determinants for life course and later health
risks. In such a perspective, there is merit
in monitoring growth beyond birth.58
However, the recent results indicate that
references for size must vary according to
location and population for an optimized
assessment. The use of 1 overall standard
carries a risk of misclassiﬁcation and
stigmatization.
-
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