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OBSTETRICS
Customized vs INTERGROWTH-21st standards for the
assessment of birthweight and stillbirth risk at term

Andre Francis, MSc; Oliver Hugh, BSc (Hons); Jason Gardosi, MD, FRCOG

BACKGROUND: Fetal growth abnormalities are linked to stillbirth and INTERGROWTH-21st SGA and LGA rates was correlated closely (R ¼

other adverse pregnancy outcomes, and use of the correct birthweight

standard is essential for accurate assessment of growth status and

perinatal risk.

OBJECTIVE: Two competing, conceptually opposite birthweight stan-
dards are currently being implemented internationally: customized

gestation-related optimal weight (GROW) and INTERGROWTH-21st. We

wanted to compare their performance when applied to a multiethnic in-

ternational cohort, and evaluate their usefulness in the assessment of

stillbirth risk at term.

STUDY DESIGN: We analyzed routinely collected maternity data from
10 countries with a total of 1.25 million term pregnancies in their

respective main ethnic groups. The 2 standards were applied to determine

small for gestational age (SGA) and large for gestational age (LGA) rates,

with associated relative risk and population-attributable risk of stillbirth.

The customized standard (GROW) was based on the term optimal weight

adjusted for maternal height, weight, parity, and ethnic origin, while

INTERGROWTH-21st was a fixed standard derived from a multiethnic

cohort of low-risk pregnancies.

RESULTS: The customized standard showed an average SGA rate of

10.5% (range 10.1-12.7) and LGA rate of 9.5% (range 7.3-9.9) for the set

of cohorts. In contrast, there was a wide variation in SGA and LGA rates

with INTERGROWTH-21st, with an average SGA rate of 4.4% (range 3.1-

16.8) and LGA rate of 20.6% (range 5.1-27.5). This variation in
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�0.98) to the birthweights predicted for the 10 country cohorts by the

customized method to derive term optimal weight, suggesting that they

were mostly due to physiological variation in birthweight. Of the 10.5% of

cases defined as SGA according to the customized standard, 4.3% were

also SGA by INTERGROWTH-21st and had a relative risk of 3.5 (95%

confidence interval, 3.1e4.1) for stillbirth. A further 6.3% (60% of the

whole customized SGA) were not SGA by INTERGROWTH-21st, and had a

relative risk of 1.9 (95% confidence interval, 3.1e4.1) for stillbirth. An
additional 0.2% of cases were SGA by INTERGROWTH-21st only, and had

no increased risk of stillbirth. At the other end, customized assessment

classified 9.5% of births as large for gestational age, most of which (9.0%)

were also LGA by the INTERGROWTH-21st standard. INTERGROWTH-21st

identified a further 11.6% as LGA, which, however, had a reduced risk of

stillbirth (relative risk, 0.6; 95% confidence interval, 0.5e0.7).
CONCLUSION: Customized assessment resulted in increased identi-
fication of small for gestational age and stillbirth risk, while the wide

variation in SGA rates using the INTERGROWTH-21st standard appeared to

mostly reflect differences in physiological pregnancy characteristics in the

10 maternity populations.

Key words: birthweight, customized growth charts GROW, epidemi-
ology, ethnicity, fetal growth, INTERGROWTH-21st, large for gestational

age, pregnancy risk, small for gestational age, stillbirth
Introduction
Fetal growth restriction and low birth-
weight are closely linked to risk of still-
birth and other indicators of adverse
perinatal outcome. As these associations
have become ever clearer, the focus has
shifted to prevention, which requires
adequate tools and standards.

Many reference curves and tables have
been produced in various settings for the
assessment of fetal growth and birth-
weight. They can vary because of the
methods used, the quality of the data
they originated from, and whether they
were based on longitudinal or cross-
sectional, fetal, or neonatal data. They
also vary with the physiological and
pathological characteristics of the
population. Therefore, an approach that
has gained traction in recent years is not
to base reference curves on the whole
population, but to set a standard that
seeks to represent the optimal growth
and birthweight that can be achieved in
the absence of any complications, and
that therefore should be better able to
detect abnormalities in fetal growth.
Such a standard has been developed as

the computer-generated customized
GROW chart, which uses coefficients
derived from large birthweight databases
to predict optimal growth for each
mother in each pregnancy.1,2 Physio-
logical variables such as ethnic origin,
maternal size, and parity are adjusted for,
and the standard is set at a level that is
free from pathology, so that the effect
adverse influences such as smoking, hy-
pertension, or diabetes, are better
recognized. Because the construction of
the standard combines a term optimal
weight (TOW) with a proportionality
fetal weight curve for all gestations, the
same chart can be used for the assessment
of fetal growth as well as birthweight.
Customized charts have been shown
to be internationally applicable,3-8 are
recommended by the Royal College of
Obstetricians and Gynecologists,9 and
are now increasingly in clinical and in-
ternational research use. The GROW
(Gestation Related Optimal Weight)
application has recently been updated
with additional coefficients to represent
over 100 ethnic or country-of-origin
groups.

An alternative approach to derive a
standard is that taken by the
INTERGROWTH-21st (IG21) project,
which selected low-risk, well-nourished
mothers with uncomplicated pregnan-
cies. Data were combined from cohorts
in 8 countries to produce a single, pre-
scriptive, multiethnic standard for
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TABLE 1
Exclusions from original data submitted from 10 countries (2,140,543)
resulting in cohort used in this study (1,251,289)

Excluded,
n

Remaining,
n

Remaining,
%

Congenital anomalies and multiple pregnancies 57,322 2,083,221 97.3

Missing or invalid gestational age or birthweight 41,581 2,041,640 95.4

Preterm deliveries (<259 d) 121,676 1,919,964 89.7

Minority ethnic group or missing ethnic origin data 490,406 1,429,558 66.8

Missing or invalid sex or maternal height, weight
or parity

178,269 1,251,289 58.5

Francis et al. Customized vs INTERGROWTH-21st standard for birthweight. Am J Obstet Gynecol 2018.

ajog.org OBSTETRICS Original Research
birthweight10,11 and fetal growth12,13 to
be used universally. The recently pub-
lished World Health Organization fetal
growth project,14 based on data from
10 countries, used similar methodol-
ogy, but concluded that there were
significant differences between pop-
ulations in maternal characteristics that
affected growth. Similarly, the Eunice
Kennedy Shriver National Institute of
Child Health and Human Development
Fetal Growth Studies15 and other
studies16-18 demonstrated ethnic dif-
ferences in fetal growth in low-risk
pregnancies. Nevertheless, the IG21
standards are being actively promoted
and have begun to be implemented in
many settings.

We therefore set out to compare the
IG21 birthweight standard with the
individually customized (GROW) stan-
dard in an international cohort based on
maternity datasets from 10 countries, to
assess how well they were able to asso-
ciate birthweight with stillbirth risk. We
focused our analysis on term data, as
preterm birthweight ought to be assessed
with a fetal rather than a neonatal weight
standard in light of the known associa-
tions between prematurity and fetal
growth restriction.19-21

Materials and Methods
Data source
The Perinatal Institute administers the
Gestation Network (www.gestation.net),
which is a portal for provision of free
software tools including customized
centile calculators for local, national, and
international use. The applications
contain coefficients for adjustment of
the growth and weight standard ac-
cording to maternal characteristics,
derived from anonymized databases
submitted from clinicians and re-
searchers who wish to have an applica-
tion suitable for their own local
population. To date, datasets from 23
countries have been received totaling 3.2
million births. Based on this database,
the first global customized centile
calculator was recently released, which
can adjust for over 100 ethnic groups or
countries of origin as well as the
mother’s height, weight and parity, and
the sex of the baby.
Ten of these Gestation Network data
sets, totaling 2,140,543 cases, also con-
tained stillbirth as a pregnancy outcome
and represented the overall cohort used
in this analysis. The origins of the data
ranged from hospital-based collections
to wider population-based registers, and
included, in alphabetical order, datasets
from Bhutan (national referral hospital),
China (randomly selected births from
150 hospitals), Germany (State of Hes-
sen birth register), India (large private
tertiary maternity hospital in Hyder-
abad), Ireland (6 hospitals in the Peri-
natal Ireland network), The Netherlands
(96 independent Dutch midwifery
practices), Slovenia (national perinatal
information system), Sweden (national
medical birth registry), United Kingdom
(83 maternity hospitals within the na-
tional growth assessment protocol
(GAP) program), and United States (14
hospitals in the Washington State Ob-
stetrics Clinical Outcome Assessment
Program). The collaborators providing
the data are listed under the Acknowl-
edgment. All data were fully anonymized
before receipt, and no institutional re-
view board approval was required for
this study.
Each dataset originated in settingswith

established routine ultrasound dating
scans and these had been used to calcu-
late gestational age at birth unless not
available, inwhich case the last menstrual
period was used. Maternal height and
weight was measured at the beginning of
pregnancy and ethnicity was recorded
according to mother-declared ethnic
origin or country of birth. Multiple
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pregnancies, congenital anomalies, and
preterm births (<37 weeks) were
excluded and only the predominant
ethnic group from each country was
included in the analysis, with complete
data on maternal and pregnancy vari-
ables required for customized adjust-
ment. This resulted in a study cohort of
1,251,289 cases. The stepwise exclusions
are summarized in Table 1.

Standards for calculating centiles
Small for gestational age (SGA) was
defined as <10th, and large for gesta-
tional age (LGA) as >90th weight for
gestational age centile, according to 2
methods:

1. Customized centiles were deter-
mined using the global centile
calculator, entering the birthweight
and gestational age at delivery, sex of
the neonate, and information about
maternal height, early pregnancy
weight, parity (as it was at beginning
of pregnancy), and ethnic origin.
Coefficients for all predominant
ethnic groups and associated
maternal variables were available
within the global centile calculator
(GROW v.8.0.1).

2. IG21 centiles were based on the
published IG21 neonatal weight-for-
gestational age standard10 and
included birthweight and gestational
age at delivery as well as adjustment
for neonatal sex.

Centiles for stillborn babies were also
calculated according to the above
erican Journal of Obstetrics & Gynecology S693
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TABLE 2
Characteristics of 10 country cohorts

No.
All
1,251,289

Bhutan
2779

China
27,383

Germany
292,227

India
6436

Ireland
10,124

Netherlands
191,345

Slovenia
127,067

Sweden
275,924

United
Kingdom
289,381

United
States
28,623

Maternal
height, cm

Mean
(SD)

166.8 (6.5) 154.8 (5.8) 160.5 (4.8) 167.3 (6.2) 158.3 (6.0) 164.2 (6.3) 170.4 (6.3) 166.7 (5.9) 166.8 (5.8) 165.0 (6.3) 165.7 (6.7)

Median (IQR) 167 (8) 155 (7) 160 (5) 168 (8) 157 (7) 164 (8) 170 (9) 167 (7) 167 (8) 165 (8) 165 (10)

Maternal
weight, g

Mean
(SD)

68.3 (14.6) 54.6 (7.2) 56.1 (9.1) 68.6 (14.9) 62.2 (11.6) 69.1 (14) 69.5 (13.3) 64.7 (12.2) 65.6 (11.2) 72.5 (17.2) 70.4 (16.7)

Median (IQR) 65 (17) 54 (8) 55 (10) 65 (16) 61 (15) 67 (16) 67 (15) 62 (14) 64 (13) 69 (21) 66 (18)

Body mass
index

Mean
(SD)

24.5 (5.0) 22.8 (3.0) 21.8 (3.3) 24.5 (5.0) 24.8 (4.4) 25.6 (5.0) 23.9 (4.3) 23.3 (4.2) 23.6 (3.8) 26.6 (6.0) 25.7 (6.0)

Median (IQR) 23.4 (5.5) 22.5 (3.7) 21.2 (3.9) 23.3 (5.4) 24.3 (5.7) 24.6 (5.8) 23.0 (4.9) 22.3 (4.6) 22.8 (4.2) 25.3 (7.5) 24.1 (6.6)

Nullipara % 44.1 49.1 63.6 42.2 55.4 42.9 49.1 49.1 40.0 41.9 46.9

Sex male % 51.0 52.2 53.0 50.9 50.9 51.5 51.0 51.2 51.0 50.8 50.7

Gestational
age

Mean
(SD)

278.9 (8.5) 278.4 (8.6) 276.1 (7.1) 277.6 (8.2) 273.2 (7.7) 279.5 (8.5) 279.8 (8.3) 278.8 (7.6) 280.8 (8.8) 278.5 (8.8) 277.8 (7.7)

Median (IQR) 280.0 (12.0) 280.1 (12.5) 276.7 (9.9) 278.8 (12.4) 273.4 (12.4) 280.6 (12.7) 281 (11.9) 280.2 (10.3) 281.6 (12.1) 279.5 (12.5) 278.1 (10.4)

Birthweight, g Mean
(SD)

3497.6
(477.6)

3209.7
(455.4)

3360.7
(411.6)

3433.6
(452.4)

3055.5
(420.8)

3514.2
(485)

3542.0
(482.9)

3453.0
(441.8)

3623.0
(484.7)

3457.5
(484.6)

3502.0
(457.4)

Median (IQR) 3490 (623) 3200 (600) 3350 (500) 3425 (600) 3040 (550) 3510 (625) 3530 (640) 3450 (580) 3610 (640) 3450 (625) 3490 (599)

Stillbirths Frequency 1667 12 53 252 11 12 159 143 374 632 19

Rate/1000 1.3 4.3 1.9 0.9 1.7 1.2 0.8 1.1 1.4 2.2 0.7

TOW1
standardizeda

280 d 3434.6 3469.5 3575.4 3397.5 3292.4 3477.4 3391.2 3442.9 3524.6 3393.6 3491.5

TOW2
adjustedb

Median
gestation

3561.0 3280.3 3428.1 3489.0 3209.3 3657.9 3610.3 3524.0 3679.1 3525.2 3551.5

GROWeSGA % 10.5 11.6 11.3 10.1 11.3 12.7 10.7 10.7 10.7 10.5 11.1

GROWeLGA % 9.5 8.5 8.8 9.9 8.7 7.3 9.4 9.3 9.3 9.6 9.1

IG21eSGA % 4.4 14.4 4.7 4.9 16.8 4.9 4.2 4.5 3.1 5.0 3.5

IG21eLGA % 20.6 7.1 13.2 17.3 5.1 21.7 22.9 16.7 27.5 18.6 21.1

GROW, gestation-related optimal weight; IG21, INTERGROWTH-21st birthweight standard; IQR, interquartile range; LGA, large for gestational age; SGA, small for gestational age; TOW, term optimal weight.

a Adjusted for para 0, height 163 cm, weight 64 kg, sex averaged, delivery at 280 d; b Adjusted for average parity, height and weight, sex averaged, delivery at median gestation.

Francis et al. Customized vs INTERGROWTH-21st standard for birthweight. Am J Obstet Gynecol 2018.
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FIGURE 1
Predicted customized vs actual birthweight averages in 10 country cohorts

Predicted birthweight was customized for average maternal height, weight, parity and sex, and
controlled for gestational age at delivery. R ¼ 0.9787; P < .01.
UK, United Kingdom, USA, United States.

Francis et al. Customized vs INTERGROWTH-21st standard for birthweight. Am J Obstet Gynecol 2018.
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methods, but with 2 days deducted from
the gestational age at delivery, as an
approximation of the gestational age at
the time of intrauterine demise.22-24

SGA and LGA numbers, rates, and
relative risk (RR) of stillbirths were
presented according to the GROW and
IG21 methods, as well as in subgroups
according to whether they overlapped,
ie, the birthweight was SGA or LGA by
both standards, or was SGA or LGA by
GROWor IG21 only.

Analysis
Statistical analyses were performed using
software programs Excel (2016; Micro-
soft, Redmond, WA) and Stata (Version
14.2; StataCorp, College Station, TX).
A descriptive table was constructed
including data from each of the 10
country cohorts, showing mean, SD,
median, and interquartile range for
birthweight; gestation; and maternal
height, weight, and body mass index
(BMI), as well as listing gender, parity,
and stillbirths rates. The multiple
regression-derived ethnic constants were
based on median gestation at delivery,
and expressed as term optimal weight
TOW in 2 ways: TOW1 adjusted to 280
days and standardized for maternal
characteristics (para 0, height 163 cm,
weight 64 kg, sex averaged, delivery at
280 days); and TOW2 adjusted for
average maternal characteristics within
that group, and at the respective median
gestational age. RR with 95% confidence
intervals (CI) and population attribut-
able risk values were calculated.

To assess how IG21 standards relate to
birthweight variation in the 10 country
cohorts, IG21 SGA and LGA rates were
compared with the predicted weight
(TOW2) adjusted for average maternal
height, weight, parity, and sex, and
controlled for gestational age at delivery.
Bivariate statistics included scatter plots,
line of best fit, and correlation coefficient
(R), and significance ofP valueswas based
on a t statistic under the null hypothesis
that there was no correlation between the
variables under investigation.

Results
Details of the 10 datasets are listed in
Table 2. Averages with measures of
dispersion are provided to illustrate the
wide variation in maternal characteris-
tics between country cohorts. Maternal
height ranged from 155-170 cm, early
pregnancy weight from 54-69 kg, me-
dian gestational age at delivery from
273-282 days, and median birthweight
from 3040-3610 g.
Also shown is the ethnic group-based

TOW predicted for a standard size
mother in her first pregnancy at 280 days
(TOW1), and the predicted weight
adjusted for the average maternal height,
weight, and parity and themedian length
of pregnancy in that cohort (TOW2).
The correlation between predicted and
actual mean birthweights for the 10
country cohorts was high: R ¼ 0.979
(Figure 1).
Table 2 also shows the variation be-

tween cohorts in SGA and LGA rates
according to the customized GROWand
the IG21 methods of assessment.
Average GROW SGA rate was 10.5%
with a range of 10.1-12.7, while LGA
FEBRUARY 2018 Am
averaged 9.5% with a range of 7.3-9.9. In
contrast, average IG21 values were
lower for SGA: 4.4%, ranging from
3.1-16.8, while average LGA rates were
much higher: 20.6%, with a range of
5.1-27.5.

In Figures 2 and 3, the adjusted TOW
constants (TOW2) for each of the 10
country cohorts are plotted against the
IG21 SGA and LGA rates, respectively.
The relationship with IG21 SGA rates
(Figure 2) is curvilinear, with the 2
cohorts with the lowest predicted
weights assigned very high SGA rates of
16.8 (India) and 14.4 (Bhutan). For LGA
(Figure 3), there is a direct, linear rela-
tionship between the predicted weight
and IG21-determined LGA rates. These
significant correlations suggest that the
varying proportions of cases identified as
SGA or LGA with IG21 merely reflect
normal variation in birthweight between
these country cohorts.

Tables 3 and 4 detail the association
between stillbirths and SGA and LGA.
erican Journal of Obstetrics & Gynecology S695
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FIGURE 2
Predicted customized birthweight vs INTERGROWTH-21st SGA rate

Predicted birthweight customized for average maternal height, weight, parity and sex, and controlled
for gestational age at delivery. R ¼ 0.9789; P < .01.
UK, United Kingdom, USA, United States.

Francis et al. Customized vs INTERGROWTH-21st standard for birthweight. Am J Obstet Gynecol 2018.
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The highest RR for stillbirth (3.5; 95%
CI, 3.1e4.1) was observed for babies
SGA by both standards. IG21 adds only
another 2087 SGA cases including 3
stillbirths, which do not represent an
elevated stillbirth risk. In contrast, using
GROW, a further 60% of births (78,703
of 131,950) are categorized as SGA and
add another 185 (45%) to the 226 still-
births identified by both methods, with
RR 1.9 (95% CI, 1.6e2.2).

At the other end of the spectrum, be-
ing LGA by both standards was not
associated with stillbirth (RR, 0.9; 95%
CI, 0.8e1.1) and according to GROW
there were another 6792/118,954 or
5.7% LGA with 13 stillbirths and no ef-
fect on risk. IG21 however classified a
further 56.5% (145,570 of 257,732) as
LGA but these cases had in fact a lower
RR for stillbirth.

Comment
This is, to our knowledge, the first
multinational comparison of the IG21
S696 American Journal of Obstetrics & Gynecolog
and customized birthweight standards.
It shows firstly that using IG21, there are
wide differences in SGA and LGA rates
across the 10 cohorts studied, ranging
from 3.1-16.8% for SGA and 5.1-27.5%
for LGA rates. As Figures 2 and 3 show,
these values are strongly correlated with
the TOW calculated by GROW for each
cohort, suggesting that IG21 SGA and
LGA rates vary mostly due to physio-
logical differences between different
populations.
For example, the high IG21 SGA rate

for India (16.8%) (Table 2) most likely
represents physiological variation due to
ethnic origin and small maternal size, as
the data represent a mostly middle-class
Indian population that has a GROW
SGA rate of just 11.3%. GROW centiles
adjust only between normal BMI limits;
for example if a mother’s BMI is 17, the
GROW software will limit downward
adjustment to 18.5 when calculating the
predicted term weight. This means that
GROW adjustments do not extend to
y FEBRUARY 2018
birthweights that might reflect under-
nutrition. The IG21 SGA rate is high
because physiological maternal charac-
teristics are not taken into account, and
the correlation with the GROW TOW
confirms that IG21 SGA is mostly
dictated by physiological variation.
Furthermore, this exaggerated IG21 SGA
rate does not correspond to the stillbirth
rate, which was not elevated in this pre-
dominantly middle-class maternity
population receiving high standard of
care.

GROW centiles applied to the popu-
lation cohorts had an overall narrower
range of values (SGA 10.1-12.7, LGA 7.3-
9.9) than that obtained with IG-21. The
actual SGA (<10th centile) rate tends to
be above 10%, as in any maternity pop-
ulation it is more likely that fetuses do
not fulfill their predicted growth poten-
tial due to pathological influences than
exceed it. The overall SGA rate tends to
be higher if the cohort includes preterm
deliveries due to their association with
growth restriction,20 or if they are
derived from high-risk referral centers
with an elevated risk level for fetal
growth problems and associated peri-
natal morbidities. None of the cohorts
showed a GROW SGA rate as low as the
average 4.4% displayed by the IG21
standard.

Our findings are consistent with that
of Anderson and colleagues,25 who also
compared the IG21 birthweight standard
with customized GROW centiles,
applying them to their Auckland data-
base. The authors reported similarly low
SGA rates with IG21, and substantial
variation within their main ethnic
groups, which did not reflect patholog-
ical outcomes.

Lee and colleagues26 recently applied
the IG21 standard to the Child Health
Epidemiology Reference Group
(CHERG) dataset of 14 birth cohorts
from low- and middle-income countries,
and reported SGA rates ranging from 5%
or 6% in Eastern Asia and Northern Af-
rica, to 34% in India. While countries in
South Asia and sub-Saharan Africa had
high SGA rates as well as high neonatal
mortality rates, causality was not
demonstrated, and the association was
contradicted by other countries or

http://www.AJOG.org


FIGURE 3
Predicted customized birthweight vs INTERGROWTH-21st LGA rate

Predicted birthweight customized for average maternal height, weight, parity and sex, and controlled
for gestational age at delivery. R ¼ 0.9775; P < .01.
UK, United Kingdom, USA, United States, LGA, large for gestational age.

Francis et al. Customized vs INTERGROWTH-21st standard for birthweight. Am J Obstet Gynecol 2018.

TABLE 3
SGA by GROW and INTERGROWTH 21st and stillbirth risk

SGA SGA by GROW SGA by IG21

Classified as SGA, n (%) 131,950 (10.5) 55334 (4.4)

Stillbirths, n (/1000) 411 (3.1) 229 (4.1)

SGA by
GROW only

SGA by
both standards

SGA by
IG21 only

Classified as SGA, n (%) 78,703 (6.3) 53,247 (4.3) 2087 (0.2)

Stillbirths, n (/1000) 185 (2.4) 226 (4.2) 3 (1.4)

Relative risk (95% CI) 1.9 (1.6e2.2) 3.5 (3.1e4.1) 1.1 (0.4e3.4)

Population attributable risk % 5.1 9.7 0.0

Total N ¼ 1,251,289.

CI, confidence interval; GROW, gestation-related optimal weight; IG21, INTERGROWTH-21st birthweight standard; SGA, small
for gestational age.

Statistically significant relative risk values are shown in bold.

Francis et al. Customized vs INTERGROWTH-21st standard for birthweight. Am J Obstet Gynecol 2018.
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regions with elevated mortality risk that
had low SGA rates according to IG21.

Misclassification with a one-size-fits-
all model that does not adjust for phys-
iological variation can have considerable
unwanted clinical effects. Antenatal
overdiagnosis of SGA may lead to un-
necessary investigations, intervention,
and anxiety for babies with appropriate
growth and size for their population. At
the same time, with the falsely low IG21
SGA rate, many at-risk babies will go
unrecognized because they are being
classified as not <10th centile, and we
have shown this to be the case in 60% of
the at-risk population (Table 3). Post-
natally, babies falsely considered SGA
may receive unnecessary supplementary
feeding to compensate for an imagined
deficit. The wrong standardmay result in
misdirection of available resources in the
target population, and a loss of focus on
identifying babies truly at risk.

Aweakness of this study is that we had
only stillbirth as recorded outcome
measure in these 10 cohorts, which is not
the only relevant outcome measure to
assess fetal growth abnormalities. In
particular, LGA babies may have com-
plications such as shoulder dystocia and
associated morbidities due to birth
trauma. There have, however, been
several studies with such outcome data
that compared customized and
population-based centiles for macro-
somia and found the customized defi-
nition of LGA to be superior and able to
identify an additional group in the
population that is also at risk of com-
plications.27-29 A standard such as IG21
that consistently classifies>20% of cases
as LGA is likely to lead to excessive
maternal anxiety and unnecessary
interventions.

Inclusion of LGA in our analysis
allowed a look at both ends of the spec-
trum. It shows that the low IG21 SGA
rate is accompanied by a high LGA rate,
indicating that the standard not only
ignores physiological variation but is
overall too low for this population.
According to the published IG21 for-
mula,10 the predicted weight at 40 weeks
is 3380 g (boys) and 3260 g (girls), while
the optimal 40.0-week weight predicted
by the customized standard for this
cohort (3561 g) as well as the actual
weight reached (3490 g) were substan-
tially higher.
The datasets we studied recorded

birthweight and not fetal weight and had
FEBRUARY 2018 Am
the benefit of being routinely collected,
whereas fetal weight measurements at
term are likely to represent a smaller,
selected population that had indications
for ultrasound scans. Nevertheless, our
erican Journal of Obstetrics & Gynecology S697
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TABLE 4
LGA by GROW and INTERGROWTH-21st and stillbirth risk

LGA LGA by GROW LGA by IG21

Classified as LGA, n (%) 118,954 (9.5) 257,732 (20.6)

Stillbirths, n (/1000) 149 (1.3) 262 (1.0)

LGA by
GROW only

LGA by
both standards

LGA by
IG21 only

Classified as LGA, n (%) 6792 (0.5) 112,162 (9.0) 145,570 (11.6)

Stillbirths, n (/1000) 13 (1.9) 136 (1.2) 126 (0.9)

Relative risk (95% CI) 1.4 (0.8e2.5) 0.9 (0.8e1.1) 0.6 (0.5e0.7)

Population attributable risk, % 0.2 e0.9 e4.6

Total N ¼ 1,251,289.

CI, confidence interval; GROW, gestation-related optimal weight; IG21, INTERGROWTH-21st birthweight standard; LGA, large
for gestational age.

Statistically significant relative risk value is shown in bold.

Francis et al. Customized vs INTERGROWTH-21st standard for birthweight. Am J Obstet Gynecol 2018.
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findings here are also relevant for the
IG21 fetal weight standard,13 which
is being proffered for international
use under the same one-size-fits-all
assumption. The equivalent 40-week
value of the IG21 fetal growth formula13

is 3338 g and is therefore also unlikely to
represent growth curves that are suitable
for this multicountry cohort.

Our results confirm doubts about the
one-size-fits-all approach30 and improve
our understanding of the reported dif-
ficulties in local implementation of
IG21 fetal and neonatal standards in
various environments.25,31,32 We
demonstrate the substantial variation in
maternal and physiological pregnancy
characteristics across population co-
horts, and present evidence that the
varied SGA and LGA rates using the
IG21 formula mostly reflect physiolog-
ical variation, which blunts the stan-
dard’s ability to identify pathology.
Finally, we have shown that GROW as a
globally applicable but individually
adjustable standard improves the
strength of association with stillbirth as
an adverse outcome, and identifies 60%
more SGA cases at increased risk. n
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