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Should Fetal Growth Charts Be References or Standards?

Jennifer A. Hutcheon and Jessica Liauw

Background: Fetal growth standards (prescriptive charts derived
from low-risk pregnancies) are theoretically better tools to monitor
fetal growth than conventional references. We examined how modi-
fying chart inclusion criteria influenced the resulting curves.
Methods: We summarized estimated fetal weight (EFW) distribu-
tions from a hospital’s routine 32-week ultrasound in all nonanoma-
lous singleton fetuses (reference) and in those without maternal—fetal
conditions affecting fetal growth (standard). We calculated EFWs for
the 3rd, Sth, 10th, and 50th percentiles, and the proportion of fetuses
each chart classified as small for gestational age.

Results: Of 2309 fetuses in our reference, 690 (30%) met the stan-
dard’s inclusion criteria. There were no meaningful differences be-
tween the EFW distributions of the reference and standard curves
(50th percentile: 1989 g reference vs. 1968 g standard; 10th percen-
tile: 1711 g reference vs. 1710 g standard), or the proportion of small
for gestational age fetuses (both 9.9%).

Conclusions: In our study, there was little practical difference between
a fetal growth reference and standard for detecting small infants.
Keywords: Estimated fetal weight; Fetal growth; Growth charts;
Reference charts; Small-for-gestational-age birth

(Epidemiology 2021;32: 14—-17)

Birthweight— and estimated fetal weight-for-gestational-
age charts have long been used as the cornerstone of fetal
growth assessment.!? Fetuses with a weight below a certain
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statistical threshold of the population, usually the 10th percen-
tile (or less frequently, the Sth or 3rd), are classified as small
for gestational age (SGA), and considered to be at increased
risk of adverse outcomes due to fetal growth restriction.?

Although the statistical thresholds to define high-risk
fetuses have been standardized by convention, the character-
istics of the study populations that the percentiles are derived
from can vary considerably. Historically, charts tended to in-
clude most births in the population, including those with sub-
optimal fetal growth conditions.* Such charts are known as
reference charts, which are descriptive charts of how fetuses
actually grow. In the past 6 years, three new methodologically
rigorous fetal growth charts have been published: the World
Health Organization (WHO) and INTERGROWTH-21st
charts derived from multijurisdictional international popula-
tions,>” and the US National Institute for Child Health and
Development (NICHD) fetal growth charts derived from
multistate US populations.® These charts were derived from
selected populations of healthy, low-risk pregnancies, produc-
ing prescriptive charts of how fetuses ought to grow (known as
standards). From a theoretical perspective, charts that reflect
the growth of fetuses under optimal conditions should be bet-
ter for monitoring fetal growth and identifying fetuses whose
growth is failing. Thus, their status as standards, rather than
references, is viewed as an important reason for adopting the
new charts.*!1?

Yet, introducing the new charts into clinical practice
has proven challenging. Concerns have been raised that the
charts do not always seem to “fit” real-world populations.!!-1?
For example, in a US cohort from New Mexico with an SGA
rate at birth of 13.6%, the NICHD fetal growth standard
only identified 6.5% as such (vs. 12.2% using the conven-
tional chart of Hadlock).!! Likewise, in another US cohort
with a 13.2% rate of SGA births, the INTERGROWTH-21st
chart only identified 3.2% of pregnancies as being below
the 10th percentile.!? It has been suggested such differences
are due to the fact that these are standards, as opposed to
references.”!? It has also been speculated that cut-points
other than the conventional 10th percentile may be needed
on these new standards.'® Understanding the practical dif-
ferences between fetal growth standards and references is
critical for successfully implementing the new charts into
real-world settings.

In this report, we examined how restricting the study
population of fetal weight-for-gestational-age charts to ex-
clude characteristics linked with poor fetal growth influences
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the weight thresholds and proportion of infants classified as
SGA based on conventional statistical thresholds.

METHODS

Our study population was drawn from singleton births
delivering at the Royal Victoria Hospital, in Montreal, Canada,
2002-2006. We obtained data from the McGill Obstetrical and
Neonatal Database, which contains highly detailed clinical
information abstracted from the maternal and newborn med-
ical records. This study was approved by the Royal Victoria
Hospital Research Ethics Board. Until 2006, the hospital had
a policy of conducting a routine ultrasound at 32-33 weeks,
providing estimated fetal weight measurements from a general
obstetrical population. In practice, the scan occurred anytime
between 31 and 34 weeks due to scheduling issues; for this
study, we restricted analyses to fetuses with a scan between
32+0 and 32+ 6 weeks. Estimated fetal weight (g) was calcu-
lated using Hadlock’s formula combining abdominal circum-
ference, head circumference, and femur length.!?

Our reference was created from the 32-week estimated
fetal weights of all pregnancies resulting in nonanomalous
live births. Our standard was created from the 32-week esti-
mated fetal weights of all nonanomalous live births conceived
without assisted reproductive technology with an estimate of
gestational age based on the last menstrual period that agreed
with early ultrasound estimates, born to nonsmoking moth-
ers 18-34.9 years of age at booking (<14 weeks), with a pre-
pregnancy body mass index (BMI) 18.5-29.9kg/m? with no
documented alcohol or illicit substance consumption, history
of obstetrical complications (repeated pregnancy losses, prior
stillbirth, neonatal death, preterm birth, growth restricted
infant, low birthweight infant, congenital anomaly, pree-
clampsia), hypertensive disorders of pregnancy (including
pre-existing hypertension), prepregnancy or gestational dia-
betes, maternal anemia (hemoglobin <100g/L), or evidence
of sexually transmitted diseases (HIV/AIDS, syphilis, gonor-
rhea, genital herpes), and not residing a single-parent house-
hold. These exclusion criteria were based primarily on those
of the INTERGROWTH-21st study.'

We plotted the smoothed distribution of estimated fetal
weight in each of the reference and standard populations using
univariate kernel density estimation. We calculated the weight
thresholds corresponding to the 3rd, Sth, 10th, and 50th per-
centiles with 95% confidence intervals, and tabulated the pro-
portion of fetuses identified as SGA (<10th, <5th, and <3rd
percentile) by each of the reference and the standard when
applied to the entire population. We focused on SGA infants
because management of fetal overgrowth is based on absolute
weights (>4500 and >5000 g) rather than weight percentiles. '

RESULTS

There were 2984 nonanomalous singleton fetuses at
the Royal Victoria Hospital with a prenatal ultrasound be-
tween 32+0 and 32+6 weeks’ gestation. We excluded 675
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pregnancies (22.6%) with missing prepregnancy BMI in-
formation, leaving 2309 fetuses for inclusion. There was no
meaningful difference in the estimated fetal weight distribu-
tion of women with and without available BMI (medians and
interquartile ranges of 1989 g [1839, 2152] and 1986 g [1828,
2158], respectively).

Ofthe 2309 fetuses in our reference, 1619 (70%) had one
or more characteristic that excluded them from the standard,
leaving 690 fetuses (30%) eligible for our standard. The most
common reasons for exclusion were: maternal age >35 years
(n =681, 29.5%), single parent household (n = 428, 18.5%),
and uncertain gestational age estimate (n = 358, 15.5%).

As shown in the Figure and Table, the estimated fetal
weight distributions obtained from the reference and the
standard were highly similar. The 50th percentile weights
differed by only 21 g, while the 10th percentiles were within
1g. As a result, the proportion of infants identified as SGA
by the standard was also virtually identical to the proportion
classified by the reference (9.9% vs. 9.9% using a 10th per-
centile cutoff, 3.0% vs. 3.0% using a 3rd percentile cutoff).
Even when comparing the estimated fetal weights of fetuses
included in the standard with those of only fetuses excluded
from the standard, differences between distributions were
minor (eFigure 1; http://links.lww.com/EDE/B739).

DISCUSSION

We found that the fetal weight thresholds to define
SGA birth in our reference population were nearly identical
to those in our standard population. The philosophical merits
of assessing fetal growth using a standard rather than a refer-
ence is one of the driving arguments for adoption of the newly
developed fetal growth charts from INTERGROWTH-21st,
WHO, and NICHD.>!*!¢ Our work shows that from a prac-
tical perspective, the philosophical differences underlying the
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FIGURE. Estimated fetal weight distributions at 32 weeks of
reference (all nonanomalous singletons) vs. standard (nonano-
malous singletons with no maternal or fetal conditions associ-
ated with suboptimal fetal growth) populations, Royal Victoria
Hospital, Montreal, Canada.
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TABLE. Percentile Weights and Small-for-gestational-age Births
Among 2309 Fetuses With a Routine 32-week Ultrasound at
the Royal Victoria Hospital, Montreal, Canada

Reference Standard

N (percent of total population) 2,309 (100) 690 (29.9)

50th percentile estimated fetal 1,989 [1,976, 2,002] 1,968 [1,950, 1,993]
weight [95% CI]

10th percentile estimated fetal
weight (g) [95% CI]

Sth percentile estimated fetal
weight (g) [95% CI]

3rd percentile weight (g)
[95% CI]

1,711 [1,694, 1,726] 1,710 [1,679, 1,728]

1,624 1,605, 1,643] 1,624 [1,592, 1,656]

1,569 [1,539, 1,595] 1,572 [1,523, 1,618]

N (%) < 10th 228 (9.9) 228 (9.9)
N (%) < 5th 115 (5.0) 116 (5.0)
N (%) < 3rd 69 (3.0) 70 (3.0)

CI, confidence interval.

creation of standards versus references have minimal differ-
ences in the resulting fetal growth charts. Our work suggests
that observed differences between these new standards and lo-
cally derived reference charts currently in use'"'? are likely
not due to differences in their inclusion criteria, but rather, to
true differences in fetal size distributions between their source
populations.

We excluded a large fraction of the cohort (70%) from
our standard population due to the presence of one or more
risk factors linked with suboptimal fetal growth. This rate is
close to the exclusion rate of 65% in the INTERGROWTH-
21st study,® supporting the validity of our standard. Our
finding, that exclusion of pregnancies with suboptimal fetal
growth conditions makes little practical difference for the
resulting chart percentiles, is consistent with the WHO fetal
growth study, which found that including pregnancies with
complications such as preeclampsia, hypertension, and ges-
tational diabetes, did not change the distribution as described
by percentiles, compared to excluding these pregnancies.'® In
addition, a recent French cohort study of 14,607 pregnancies
showed that mean femur length and abdominal circumference
biometric z-scores were very similar before and after restrict-
ing the cohort to the INTERGROWTH-21st exclusion crite-
ria,'” and a Norwegian study found that birthweight and other
neonatal outcomes were not meaningfully different in infants
who met versus did not meet the INTERGROWTH-21st ex-
clusion criteria.'®

Strength of this study was our access to a large
number of ultrasounds performed at the same gestational
week in a general obstetrical population, enabling compar-
isons of crude fetal weight distributions free from statis-
tical smoothing to account for gestational age differences.
However, our standard population did not have identical
exclusion criteria as previous standard populations (e.g.,
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adverse environmental conditions), so although unlikely, it
is possible that findings might be different using different
standard exclusion criteria.

Our findings do not necessarily argue against the adop-
tion of the new fetal growth standards. However, they do sug-
gest that the primary benefit of the new standards is their role
in standardizing the assessment of fetal growth nationally and
internationally, rather than an improved ability to identify sub-
optimal growth per se. For example, use of the same chart
enables comparisons of SGA rates across jurisdictions for sur-
veillance purposes, and facilitates multi-site research studies
wishing to use “SGA” as an inclusion criteria (e.g., studies
evaluating the management or treatment of fetal growth re-
striction) or an outcome. Nevertheless, our findings suggest
that the primary aim of fetal growth charts, to identify fetuses
at increased risk of adverse outcomes due to growth restric-
tion, will not be meaningfully affected by the decision to use a
reference or a standard.
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