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Abstract

Introduction: Information on newborn gestational age (GA) is essential in research
on perinatal and infant health, but it is not always available from administrative databases.
We developed and validated a GA prediction model for singleton births for use in
epidemiological studies.

Methods: Derivation of estimated GA was calculated based on 130 328 newborn infants
born in Ontario hospitals between 2007 and 2009, using linear regression analysis, with
several infant and maternal characteristics as the predictor (independent) variables.
The model was validated in a separate sample of 130 329 newborns.

Results: The discriminative ability of the linear model based on infant birth weight
and sex was reasonably approximate for infants born before the 37™ week of gestation
(> = 0.67; 95% CI: 0.65-0.68), but not for term births (37-42 weeks; » = 0.12; 95%
CL: 0.12-0.13). Adding other infant and maternal characteristics did not improve the
model discrimination.

Conclusion: Newborn gestational age before 37 weeks can be reasonably approximated
using locally available data on birth weight and sex.

Keywords: gestational age, birth, neonate, infant health, derivation, validation,
prediction, administrative datasets, Ontario

Introduction
In countries where antenatal maternal care

Gestation starts on the day of conception
and ends at birth, but it is typically measured
from the first day of the last menstrual
period. Gestational age (GA) is a major
predictor of perinatal mortality and mor-
bidity;! it is important for dating for prenatal
genetic screening® and for the timing of fetal
exposure to teratogens.** It is also needed
to correctly determine if an infant is small
or large for GA, both for clinical practice
and epidemiological research.?

is scarce, the collection of basic newborn
statistics may be hampered by a lack
of information on GA. On the other hand,
in industrialized nations, GA is often not
recorded in administrative health data-
bases.*® Since all permanent residents
of Canada receive universal health care,
including prenatal, peripartum and newborn
care, the Discharge Abstract Database of the
Canadian Institute of Health Information
(CIHI-DAD), an administrative database,
has been recognized as an excellent
source for population-based estimates for

perinatal research;®” however, prior to fiscal
year 2002/03, CIHI-DAD did not collect
data on GA at birth in Ontario,® which
could pose problems for some perinatal
outcomes research.

The aim of this study is to develop and
validate a GA prediction model for singleton
births for use in epidemiological studies.

Methods
General design

We used a derivation-validation analytical
method to estimate GA based on commonly
available perinatal data. We completed
a large population-based study of all singleton
infants born in Ontario hospitals in 2007/08
and 2008/09, the period during which GA
at birth was fully recorded by CIHI-DAD.
The derivation cohort consisted of a ran-
domly selected sample of 50% of all live
births in this same period. This cohort was
used to generate a predictive model based
on infant characteristics. The other 50%
of births formed the validation cohort, to
test the derivation model’s prediction of
GA at birth. Simulation studies have shown
that split-sample validation is a reasonable
approach when the overall sample size is
very large, as in our study (N = 260 657).°

We excluded all stillbirths and multiple
births from our sample. To minimize the
influence of potential data errors and outliers,
we also excluded infants born at or less
than 23 completed weeks gestation or at
or more than 43 completed weeks gestation;
those with clinically implausible combina-
tions of birth weight and GA; those who
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stayed in hospital for more than 90 days;
those whose GA, birth weight or sex was
not recorded; those born to mothers aged
less than 16 years or over 50 years at the
time of delivery; and extreme outliers of the
birth weight distribution identified as values
located outside the inter-quartile range
exceeding two times its distance."

Variables

In Ontario, GA is largely estimated by early
ultrasound dating. Since 2002, hospital
medical records departments have recorded
GA based on the attending physician’s best
interpretation of all clinical data, usually
presented on the antenatal record.'! This,
along with the infant’s sex and precisely
measured birth weight, is recorded in the
CIHI-DAD." We determined congenital
anomalies and diseases of prematurity from
the ICD-10-CA* codes' entered in the 25 diag-
nostic fields in the hospital records (Table 1).

Analysis

Derivation of the estimate of GA involved
two steps.'® Using the derivation cohort,
we performed a series of linear regression
analyses with completed GA (in weeks)
as the dependent variable and several
independent variables, chosen a priori, as
listed in Table 2.

We first modelled GA using a restricted
cubic spline function of birth weight with
four degrees of freedom.!” We added infant
sex, congenital and chromosomal anomalies
and the diseases of prematurity (respiratory
distress syndrome, neonatal cerebral leu-
komalacia or intraventricular hemorrhage,
retinopathy of prematurity, necrotizing
enterocolitis) to the basic model. The details
of these variables are listed in Table 2.

We generated prediction models by multiply-
ing the coefficients with each independent
variable in the derivation models by the
specific values that make up the profile of
each individual in the validation cohort.
We tested each prediction model using the
validation cohort’s true GA as the dependent
variable and estimated GA as the inde-
pendent variable, rounded to the nearest
completed week. As a measure of model

*

discrimination, we computed the coefficient
of determination (%) and its 95% confidence
interval (CI). Models were validated for
the entire birth cohort, and stratified by
infant sex and by timing of birth (less than
37 weeks GA and equal or more than 37
weeks GA). The true versus estimated GA
was plotted according to their respective
frequency distributions (Figure 1).

We plotted the true positive rate of the
derived model (i.e. the proportion of infants
whose true GA is equal to the derived GA,
is within 1 week of derived GA, or is within
2 weeks of derived GA) on a y-axis against
the estimated GA on the x-axis (Figure 2).

All analyses were conducted using SAS ver-
sion 9.1 (SAS Institute Inc., Cary, NC, US).

Results

There were 281 406 infant records in 2007/08
and 2008/09. After excluding stillbirths
and multiple births and obvious outliers
(7.4%), the final available dataset consisted
of 260 657 singletons. Infant characteristics
in both the derivation and validation cohorts
were similar (Table 2).

The optimal model included a restricted cubic
spline function of birth weight (in kilogram)
as well as infant sex. The coefficient of deter-
mination (%) for this predictive model was
0.44 (95% CI: 0.43-0.45). Adding any con-
genital or chromosomal anomaly or diseases
of prematurity, or stratifying by infant sex
to the above model did not appreciably affect
the coefficient of determination (Table 3).

Stratifying by timing of birth, the discrimi-
native ability of the model was poor for
infants delivered at term (37-42 weeks:
r = 0.12;95% CI = 0.12-0.13), but much
better for preterm births (24-36 weeks:
= 0.67; 95% CI = 0.65-0.68) (Table 3).
Adding admission to a neonatal intensive care
unit, infant hospital length of stay, maternal
preeclampsia or gestational hypertension and
mode of delivery to the pre-term model
did not further improve the coefficient of
determination (data not shown).

Up to about 36 weeks gestation, there
was high concordance in the distribution
curves for true versus derived GA, after
which there was marked discordance
(Figure 1). At term, predicted GA does not
estimate the true GA well, especially at 39
weeks, when most infants are born (Figure 1).

The GA model that included infant birth
weight and sex had a positive predictive value
of 34% at 28 + 1 weeks, 67% at 28 + 2
weeks, 47% at 32 + 1 weeks, 74% at 32 + 2
weeks, 60% at 37 = 1 weeks and 85% at 37
+ 2 weeks gestation (Figure 2).

We repeated the validation using the entire
dataset instead of the validation dataset and
the results did not change (data not shown).

Discussion

In a large population-based derivation-val-
idation study, infant birth weight and sex
together provided a reasonable estimate of
GA among infants born before 37 weeks,
but not among term infants.

The addition of other newborn and maternal
characteristics did not improve the coefficient
of determination of our model among preterm
infants. Others have noted similar results
in the development of newborn birth
weight curves.'s

A parsimonious model based on infant
birth weight and sex has some advantages
in that both variables are captured and
recorded in nearly all clinical encounters
within both poorer and wealthier nations
and also within large administrative datasets
in which GA is not available. It is noteworthy
that infant birth weight and sex are the
two main variables used for the construc-
tion of population-based references of birth
weight for GA.'*1>% Therefore, in the absence
of recorded GA, we recommend using
information on infant birth weight and sex
to approximate GA, and figures from local
birth weight for GA charts, including the
observed sex-specific 50" percentile of birth
weight at each week of GA. Lower (5%, 10%)
and upper (90", 95") percentiles of birth

International Statistical Classification of Diseases and Related Health Problems, 10th Revision, Canadian Enhancement
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TABLE 1
ICD-10-CA codes used to determine congenital anomalies, diseases of prematurity,
multiple births and stillbirths among singleton live-born newborns, Ontario, 2007-09
CIHI-DAD

Variable ICD-10-CA
record source

Any congenital or chromosomal anomaly Infant Q00-Q99
Diseases of prematurity Infant
Necrotizing enterocolitis P77
Respiratory distress syndrome P22
Neonatal cerebral leukomalacia P91.2, P52

or intraventricular hemorrhage

Retinopathy of prematurity H35.1

Multiple gestation Infant Q89.4, 738.3-738.8

Multiple gestation Maternal 030, 031,
737.2-737.7,
738.3-738.8, 737.9.0

Intrauterine death Infant P95

Intrauterine death Maternal 036.4,737.1, 737 .4,
737.7

Abbreviations: CIHI-DAD, Discharge Abstract Database of the Canadian Institute of Health Information; 1ICD-10-CA,
International Statistical Classification of Diseases and Related Health Problems, 10th Revision, Canadian Enhancement.

TABLE 2
Characteristics of singleton live-born newborns in the derivation cohort (n = 130 328)
and validation cohort (n = 130 329), Ontario, 2007-09

Infant characteristics Derivation cohort, Validation cohort,
n (%) n (%)
Male 66 551 (51.06) 66 898 (51.33)
Gestational age at birth
Term, 3742 weeks 122 723 (94.16) 122 760 (94.19)®
Preterm, 24-36 weeks 7 605 (5.84) 7 569 (5.81)
Very preterm, 24-27 weeks 187 (0.14) 206 (0.16)
Mean birth weight + SD, grams 3392 + 531 3392 + 532
Birth weight
< 2500 grams 5715 (4.39) 5797 (4.45)
> 2500 grams 124 613 (95.61) 124 532 (95.55)
Congenital or chromosomal anomalies 5655 (4.34) 5677 (4.36)
Diseases of prematurity®e 7 587 (5.82) 7771 (5.96)
Respiratory distress syndrome 7474 (5.73) 7 681 (5.89)
Neonatal cerebral leukomalacia or 206 (0.16) 207 (0.16)
intraventricular hemorrhage
Retinopathy of prematurity 111 (0.09) 112 (0.09)
Necrotizing enterocolitis 62 (0.05) 62 (0.05)

Abbreviations: ICD-10-CA, International Statistical Classification of Diseases and Related Health Problems, 10th Revision,
Canadian Enhancement; n, sample size; SD, standard deviation.

“The mean gestational age (+ SD) at birth in this group was 39.2 (+ 1.14) weeks.

"The mean gestational age (+ SD) at birth in this group was 39.2 (+ 1.15) weeks.

The mean birth weight (+ SD) was 3392 (+ 531) grams for the derivation cohort and 3392 (+ 532) grams for the validation cohort.
dCongenital or chromosomal anomalies and diseases or prematurity determined from ICD-10-CA codes in hospital records.

¢Many newborns may have more than one disease of prematurity. Hence the percentages do not add up to 100.
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weight could also be used to express biological
variability in GA at a given birth weight.

The finding that GA and birth weight are
poorly correlated after 36 weeks gestation is
noteworthy given that about 94% of sin-
gleton infants are born at term. The poor
prediction of GA at term is basically due to
the large variability in birth weight as GA
increases. For example, a recent Canadian
birth weight chart for male newborns
showed a minimum 1100-gram difference
between the 10" and the 90™ percentiles of
birth weight at 37 to 41 weeks gestation.?
The latter reflects a large amount of vari-
ability in birth weight within the “normal”
range of birth weight. The better prediction
of GA at earlier gestational periods is reflective
of less biological variability. In addition,
the birth weight slope is more linear and
steeper at lower GAs than at term.?

Limitations

This study has a number of limitations.
First, we relied on ICD-10-CA codes within
an administrative database in which infant
measurements were not performed for the
purpose of this study. Second, we only
included singleton live-born infants, so our
approach may not apply to multiple preg-
nancies. Unfortunately, population-based
birth weight curves for multiple births are
scarce.”** Third, the database did not contain
information on other factors associated
with length of gestation and newborn
weight, such as parental ethnicity, maternal
anthropometry and health behaviours during
pregnancy, each of which may be used in
the construction of customised newborn
weight charts.?** Inclusion of these factors
might improve our prediction model.?*2
Fourth, we based our analyses on the clinical
estimate of GA (typically based on early
ultrasound dating), which is known to
differ from the estimate based on the date
of last menstrual period.!>!* The latter has
been found to overestimate preterm and
postterm birth rates and present bimodal
birth weight distributions between 28 and
34 weeks of gestation.?***"%% Replication of
our validation approach using the menstrual
estimate of gestation as the “gold standard”
may likely lead to poorer prediction.
Finally, we caution others that our models
were not designed to specifically estimate
the GA of individual newborns.




FIGURE 1

Comparison of the predicted gestational age based on infant birth weight and sex (solid line) versus the true gestational

age at birth (dashed line), validation data (n = 130 329)
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FIGURE 2

Agreement between derived gestational age and true gestational age among singleton live births in Ontario, 2007/08 to 2008/09.
The curves represent the percentage of infants whose true gestational age is equal to the derived gestational age (lower),

or is within £1 week (middle) and + 2 weeks (upper)
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TABLE 3
Discriminative ability of a model generated from the derivation cohort to predict
known gestational age at birth in the validation cohort®

Coefficient of
Group Model variables determination, r?
(95% CI)®
All (n =130 329) Birth weight and sex 0.44 (0.43-0.45)
Birth weight, sex, congenital or chromosomal 0.45 (0.44-0.46)
anomalies, and diseases of prematurity®
Sex
Males (n = 66 898) Birth weight 0.46 (0.44-0.47)

Birth weight, congenital or chromosomal

0.47 (0.45-0.48)

anomalies, and diseases of prematurity®

Females (n = 63 431) Birth weight

Birth weight, congenital or chromosomal

0.43 (0.41-0.44)
0.44 (0.42-0.45)

anomalies, and diseases of prematurity®

Timing at birth

Term, 3742 weeks
(n =122 760)

Birth weight and sex

Birth weight, sex, congenital or chromosomal

0.12 (0.12-0.13)

0.13 (0.12-0.13)

anomalies, and diseases of prematurity®

Preterm, 2436 weeks
(n = 7569)

Birth weight and sex

Birth weight, sex, congenital or chromosomal

0.67 (0.65-0.68)

0.68 (0.67-0.70)

anomalies, and diseases of prematurity®

Abbreviations: ICD-10-CA, International Statistical Classification of Diseases and Related Health Problems, 10th Revision,

Canadian Enhancement; n, sample size.

? Cohorts are singleton infants live born in Ontario in 2007/08-2008/09.

b Birth weight is modeled as a restricted cubic spline with 4 degrees of freedom.

¢ Respiratory distress syndrome, neonatal cerebral leukomalacia or periventricular hemorrhage, retinopathy of prematurity,

necrotizing enterocolitis based on 1CD-10-CA codes.

In conclusion, in the absence of information
on actual GA, newborn GA can be reasonably
approximated at the population level as a
continuous variable up to 36 weeks gesta-
tion using birth weight and sex, although
substantial uncertainty seems unavoidable,
even after considering other predictors of GA.
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