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ABSTRACT
Purpose The role of administrative databases for research on drug safety during pregnancy can be limited by their inaccurate assessment of
the timing of exposure, as the gestational age at birth is typically unavailable. Therefore, we sought to develop and validate algorithms to
estimate the gestational age at birth using information available in these databases.
Methods Using a population-based cohort of 286,432 mother–child pairs in British Columbia (1998–2007), we validated an ICD-9/10-based
preterm-status indicator and developed algorithms to estimate the gestational age at birth on the basis of this indicator, maternal age, singleton/
multiple status, and claims for routine prenatal care tests. We assessed the accuracy of the algorithm-based estimates relative to the gold standard
of the clinical gestational age at birth recorded in the delivery discharge record.
Results The preterm-status indicator had specificity and sensitivity of 98% and 91%, respectively. Estimates from an algorithm that
assigned 35weeks of gestational age at birth to deliveries with the preterm-status indicator and 39weeks to those without them were within
2weeks of the clinical gestational age at birth in 75% of preterm and 99% of term deliveries.
Conclusions Subtracting 35weeks (245 days) from the date of birth in deliveries with codes for preterm birth and 39weeks (273 days) in those
without them provided the optimal estimate of the beginning of pregnancy among the algorithms studied. Copyright© 2012 JohnWiley&Sons, Ltd.
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INTRODUCTION

Automated databases are commonly used in research
on drug safety in pregnancy. These databases contain
longitudinal data on health services utilization and
pharmacy prescriptions or dispensing on a large
number of individuals, thus permitting the study of rare
exposures and outcomes.1 Furthermore, they do not

depend on retrospective recall, an important challenge
for other data sources. On the other hand, they have a
noteworthy limitation: the date of beginning of
pregnancy is not routinely recorded.2 Therefore, the
gestational age at the time of maternal drug use is
uncertain. Administrative databases contain, though,
information that can support the estimation of the
beginning of pregnancy.
In the absence of information on the beginning or

the duration of pregnancy, several methods have been
used to estimate them in automated databases. Often,
researchers assumed a fixed duration of pregnancy of
270–280 days.3,4 However, this is inaccurate for
preterm and some term pregnancies. Some studies
excluded suspected short gestations from the study
population,5,6 but this method is limited to the evalua-
tion of outcomes unrelated to short gestation.7 Other
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methods estimated the beginning of pregnancy within
a wide time window8–10 (e.g., within 90 days before
the first prenatal visit or other early pregnancy
markers), introducing misclassification of the etiologi-
cally relevant timing of exposure.7 In other studies,
gestational age at birth was estimated from birth weight
by using growth charts,11,12 but this method requires the
birth weight to be known and assumes infants follow the
median growth trajectory. Because of the limitations of
these methods, we set out to develop and validate
algorithms to estimate the beginning of pregnancy by
employing information that can be extracted from
automated databases.
Using administrative data from a population-based

cohort of pregnancies linked to gestational age informa-
tion from birth discharge records, we first evaluated an
indicator of preterm birth. Then, we created algorithms
to estimate the gestational age at birth on the basis of
the presence of the preterm birth indicator, maternal
age, singleton/multiple status, and the timing of routine
prenatal screening tests. Lastly, we compared our esti-
mates, and the conventional method of assigning all
pregnancies a duration of 280 days, with the gestational
age at birth from clinical discharge records.

METHODS

Data source and study population

British Columbia provides health care through the
British Columbia Medical Services Plan to over 94%
of the population.13 Patients’ health care utilization
is recorded in anonymized, linkable databases that
include inpatient and outpatient diagnoses and proce-
dures, health care provider visits, discharge records,
dispensed prescriptions, and vital statistics. During
the study period, diagnoses and procedures were
coded in the International Classification of Diseases,
ninth revision, Canada (ICD-9CA), ICD-10CA, and
Canadian Classification of Diagnostic, Therapeutic,
and Surgical Procedures. Other health services were
coded in a fee-for-service coding system. Mothers and
their offspring are linked by the British Columbia
Ministry of Health in a perinatal database that has been
used for research on reproductive health (96–97% of
records are successfully linked).14–17

Unlike many administrative databases, our database
contains a field with the gestational age at birth as
clinically assessed and reported in the hospital discharge
record. When there is no dating ultrasound, the gesta-
tional age at birth is assigned on the basis of the self-
reported date of last menstrual period. When an early
dating ultrasound is available and the due dates by
self-reported date of last menstrual period and dating

ultrasound are within 7 days of each other, the gesta-
tional age at birth is based on the self-reported date of
last menstrual period. If the difference is larger, the
gestational age at birth is based on the ultrasound. If
neither of the two sources is considered reliable, the
gestational ages at birth as reported by the caregiver in
the birth form and by physical examination at birth are
considered. This is the gestational age used in prenatal
care and serves as the gold standard in our evaluation
of alternative estimates of the gestational age at birth.
This study was approved by the Brigham and

Women’s Hospital institutional review board, and
signed data use agreements were in place.
Our study population included all mother–child pairs

with delivery date between October 1998 and March
2007. Because information was available for hospital
births only, the sample was restricted to hospital deliver-
ies (98% of all deliveries in British Columbia).18 We
required enrollment in the outpatient health care system
for 365+280 days before delivery to ensure that the
use of health care services during the year before
gestation and the entire gestation would be recorded.
Pregnancies with invalid gestational age at birth in the
hospital discharge record (i.e., missing and shorter than
20 completed weeks or longer than 44 completed weeks)
were excluded. Mother’s age at delivery and the pres-
ence of maternal, pregnancy, and neonatal conditions
that are associated with preterm deliveries were extracted
from enrollment data and inpatient and outpatient claims
from 645days before to 60 days after delivery.

Preterm status

In this dataset, preterm deliveries can be identified on
the basis of the standard clinical gestational age at
birth, but researchers must usually resort to surrogate
sources of information such as claims. We classified
births as preterm in the presence of a claim for (1)
ICD-9 codes 765 (Disorders relating to short gesta-
tion and low birth weight) or their ICD-10 approxi-
mately equivalent codes P05 (Slow fetal growth and
fetal malnutrition) and P07 (Disorders related to
short gestation and low birth weight, not elsewhere
classified) and (2) ICD-9 644.0 and 644.2 (in 644,
Early or threatened labor) or its ICD-10 approxi-
mately equivalent O60.1 (in O60, Preterm labor) in
the first 60 days after delivery. We calculated the
sensitivity, specificity, and positive and negative
predictive values of these two definitions of preterm
status, the combination of both, and their 95%
confidence intervals. The reference was clinical
standard gestational age at birth <37 completed weeks.

a. v. margulis et al.

Copyright © 2012 John Wiley & Sons, Ltd. Pharmacoepidemiology and Drug Safety (2012)
DOI: 10.1002/pds



Estimation of gestational age: conventional method
and empirical modification

Conventional method: All pregnancies were assigned
a fixed duration of 40 weeks, which is the median
duration of human gestation19 (hereafter, conventional
method—40weeks).
Modification to the conventional method:We assigned

all pregnancies a fixed duration of 39weeks, which is
the median clinical gestational age at birth in the study
population (hereafter, conventional method, empirical—
39weeks).

Estimation of gestational age at birth: new algorithms

We developed two groups of algorithms: algorithms
based on our proposed claim-based preterm-status
indicator and algorithms based on screening test claims.
The first group, presented in the following section,
builds on the conventional method but assigns different
durations to preterm and term gestations.

Algorithms based on a claim-based preterm-status
indicator. Algorithm A—preterms 36/terms 40weeks:
We assigned all preterm births a gestational age of
36weeks, the most common gestational age at birth
among preterm births,20 and all non-preterm births a
gestational age of 40weeks.

Algorithm B—preterms 35/terms 40weeks: We
assigned all preterm births a gestational age of
35 weeks, which is the median gestational age at birth
among the births with clinical gestational age at birth
<37 completed weeks in the study population; and
all non-preterm births a gestational age of 40 weeks,

which is the median gestational age at birth among those
with clinical gestational age at birth ≥37 completed
weeks in the study population.

Algorithms based on screening test claims. These algo-
rithms borrowed information from the pattern of claims
for routine prenatal screening tests.21 We first selected
the pregnancy-specific screening tests indicated
within narrow gestational age windows from British
Columbia22 and Canada23–26 prenatal care guidelines
(Table 1). We kept only the first occurrence of each
code per pregnancy, under the assumption that first-
time tests are indicated in a timely manner, whereas
retests may legitimately occur after the intended gesta-
tional age window.
The gestational age at the moment of the test is

unknown; therefore, we needed to estimate it (repli-
cating the typical setting without information on
gestational age at birth). To do this, we assigned each
claim a gestational age equal to the midpoint of the
test-specific gestational age window in British Columbia
and Canada guidelines. We compared the midpoint and
recommended gestational age window to the clinical
gestational age distribution found in British Columbia
perinatal database as the reference. The reference distri-
bution was estimated as the number of days after the
beginning of pregnancy, where the beginning of
pregnancy was the date of delivery minus the clinical
gestational age at birth. The guideline-based gestational
age was accurate within days for a large proportion of
subjects to the clinical gestational-age-at-birth-based
gestational age (Table 1). In the algorithms in the
succeeding paragraphs, the gestational age at the time

Table 1. Gestational age at the time of screening tests: guideline-recommended gestational age windows and data-driven pattern of use, in weeksdays, British
Columbia, Canada, 1998–2007

Code description in British
Columbia perinatal database Screening test

Timing of screening tests

Guidelines Clinical GAB-based

Midpoint (range) Median (p25, p75)

Alpha fetoprotein Serum integrated prenatal screen/integrated
prenatal screen/quad screen22

162 (152, 170) 162 (154, 173)

Guided amniocentesis Amniocentesis23,25 161 (150, 170) 161 (154, 173)
Amniocentesis and transabdominal
Cytogenetic analysis—cultured
amniotic fluid

Obs.–B-scan (14 weeks or more) Anatomical ultrasound22,26 191 (180, 200) 186 (175, 201)

Glucose, gestational assessment Gestational diabetes screening24 261 (240, 280) 274 (261, 286)

GAB, gestational age at birth; p25, 25th percentile; p75, 75th percentile.

estimating the beginning of pregnancy
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of each screening test was assigned as the midpoint of
the guideline recommendations.
AlgorithmC—claim-based, average:We calculated one

gestational age at birth per claim as [(date of delivery - date
of claim) + midpoint of guideline-recommended gesta-
tional age window] for the screening tests in Table 1. For
pregnancieswith claims for two ormore tests, we averaged
the gestational ages at birth estimated from each of them.
Algorithm D—claim-based, regression: Clinical

information can be incorporated to the estimation of
gestational age at birth through the use of regression
models. Because British Columbia perinatal database
includes gestational age at birth, we were able to create
linear regression models with gestational age at birth as
the outcome, so that the estimated regression coefficients
can be applied to other databases to estimate the begin-
ning of pregnancy. The regression models included
the following predictors: mother’s age at delivery, our
validated preterm-status indicator, multiple gestation,
and the gestational age at birth assigned to each of the
claims in Table 1. To create an algorithm that can be
applied in most settings—where some claims may be
missing for some pregnancies—and make use of all
available data, we created a model for each possible
combination of the four screening tests of interest; each
pregnancy contributed only to the largest model it had
complete data for. For example, the pregnancies with
claims for all screening tests of interest were included
in the largest model only. Thus, this algorithm comprised
a set of 16 models that estimated a single gestational age
at birth for each pregnancy. The coefficients and their
standard errors were estimated on a randomly selected
derivation set (50% of the study population); the
predicted gestational ages at birth were calculated on
the remaining 50% (validation set). Model specifications
and a description of how to apply this are provided in the
supporting information.
Algorithm E—claim-based, stratified regression:

Because the timing of prenatal screening may differ
between pregnancies that will end in a preterm deliv-
ery and those that will end in a term delivery, data
were stratified on the basis of ICD 9/10-defined
preterm status. The 16 linear regression models in
algorithm D—claim-based, regression were run in each
stratum (model specifications are provided in the sup-
porting information).

Validation of estimated gestational age at birth
against clinical gestational age at birth

For each algorithm, we calculated the proportion of
pregnancies whose estimated gestational age at birth
was within 1, 1+ to 2, 2+ to 4, or 4+weeks of the

clinical gestational age at birth recorded in the hospital
discharge records, stratified by gestational age at birth
<37 versus ≥37 completed weeks. We explored
graphically the difference between the estimated and
clinical gestational age at birth through histograms
for selected methods.
All analyses were performed with SAS 9.1 (SAS

Institute Inc., Cary, NC, USA) except the estimation of
95% confidence intervals for sensitivity, specificity,
and positive and negative predictive values, which was
performed with Episheet 2008.

RESULTS

We identified 209,532 women who gave birth to
286,968 newborns. We excluded 530 pregnancies
with missing gestational age at birth and another six
with gestational age at birth shorter than 20 completed
weeks or longer than 44 completed weeks. The final
study population comprised 286,432 newborns (84%
of live births in British Columbia and 10% of live
births in Canada).27 The median gestational age at birth
was 39 completed weeks (25th percentile, 38weeks;
75th percentile, 40weeks). There were 19,871 pregnan-
cies (6.9%) that had gestational age at birth <37
completed weeks. The median gestational age at birth
among them was 35 completed weeks (25th percentile,
34weeks; 75th percentile, 36weeks). On the basis of
diagnostic codes, 24,396 pregnancies (8.5%) were
classified as preterm. Participant characteristics are
provided in Table 1 in the supporting information. There
were 282,266 (98.5%) pregnancies that had at least one
claim for a pregnancy-specific test listed in Table 1
during pregnancy.
The two preterm-status definitions based on ICD-9

code 765 Disorders relating to short gestation and
low birth weight had a specificity of 98% and a sensi-
tivity of 91%; all confidence intervals were narrow
(Table 2). Their positive predictive value was 74%,
and their negative predictive value was 99%. The
definition that included claims for Early or threatened
labor had a marginally higher sensitivity. Therefore,
in subsequent analyses, we defined preterm status by
the presence of claims for ICD-9 or ICD-10 codes
for Disorders relating to short gestation and low birth
weight or Early or threatened labor.
The gestational age at birth was estimable for all

pregnancies by most methods. The exceptions were
4166 pregnancies without claims for the tests of interest,
to which algorithm C—claim-based, average could not
be applied, and one pregnancy, to which algorithm
E—claim-based, stratified regression could not be
applied (Table 3). The difference between the estimated
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and the clinical gestational age at birth generally
decreased and centered around 0 as more complex
algorithms were applied (Figure 1). The methods that
did not stratify on preterm status (i.e., conventional
method—40weeks and conventional method, empirical—
39weeks) overestimated the gestational age at birth of
preterm gestations by over 3weeks. Estimates by all
methods were closer to the clinical gestational age at
birth among term than among preterm gestations.
Among pregnancies with gestational age at birth

<37weeks, within-1-week agreement was highest
for algorithm B—preterms 35/terms 40weeks (68.1%,
Table 3), whereas within-2-week agreement was highest
for algorithm E—claim-based, stratified regression
(75.8%). Among pregnancies with gestational age at
birth ≥37 completed weeks, within-1-week and
within-2-week agreements were highest for the conven-
tional method, empirical—39weeks (76.3% and 99.1%,
respectively). Percents of agreement for other time
intervals are provided in Table 3.

DISCUSSION

In this population-based analysis, algorithms based on
claim-derived information provided good estimates of
the gestational age at birth among preterm and term births
and performed better than the conventional method.
The usefulness of these algorithms depends on the

balance between the accuracy gained and the ease of
implementation. Simply identifying the preterm births
by using ICD-9/10 codes in claims and assigning them
an appropriate gestational age at birth improved the
accuracy of estimations dramatically in this subgroup.
Assigning the term deliveries a gestational age of
39weeks worked better than assigning them 40weeks.
The preferred estimation method will depend upon

the question at hand. The assignment of a gestational
age of 35weeks to preterm births and 39weeks to
term births maximized within-1-week agreement in
our data, whereas using stratified regression for
preterm births and assigning 39weeks to term
births maximized within-2-week agreement. Although

researchers interested in short exposures (e.g., 1-week-
long antibiotic therapies) may want to maximize within-
1-week agreement of estimated and clinical gestational
age at birth, in studies particularly sensitive to misclassi-
fication of preterm status, researchers may consider
choosing methods to minimize the number of births for
which the gestational age is overestimated (i.e., minimiz-
ing the sum of the three rightmost columns in Table 3).
The implementation of algorithm that consider a

preterm status indicator is straightforward and requires
only the identification of preterm deliveries from inpa-
tient and outpatient claims and external information on
the median gestational age at birth among preterm and
term deliveries in the population of interest (use 35
and 39 if the latter is not available). A strength of this
method is its robustness to late entry into prenatal
care. Regression-based algorithms are somewhat more
complex to implement; details on their implementation
are provided in the supporting information.
The accuracy of the estimation of the gestational

age at birth improved with the proposed algorithms
among preterm deliveries, but it still remains lower
as compared with term deliveries. Assigning a
duration of pregnancy of 35weeks will be inaccurate
for the small percent of very short gestations. Evaluat-
ing exposures during specific pregnancy periods (e.g.,
antibiotics during the second gestational month) trans-
lates into differential misclassification of exposure if
the outcome is associated with preterm status. The
impact of misclassification would be larger for short-
term exposures than from chronic ones. For example,
we observed that first-trimester exposure to selective
serotonin reuptake inhibitors (generally prescribed
for chronic use) was more robust to the choice of
beginning of pregnancy-estimating algorithm than
exposure to fluconazole (episodic use; data not
shown), as previously noted.7

This study was conducted on live births in adminis-
trative data by using information from records from
mothers and offspring. Generalization to electronic
medical record databases is straightforward, and at
least one study employed a variant of one of our

Table 2. Validation of ICD-9/10-based definitions of preterm status: sensitivity, specificity, and positive and negative predicted values (n= 286,432), British
Columbia, Canada, 1998–2007

n (%) Sensitivity 95%CI Specificity 95%CI PPV 95%CI NPV 95%CI

Disorders relating to short
gestation and low birth weight

24,245 (8.5) 0.91 0.90, 0.91 0.98 0.98, 0.98 0.74 0.74, 0.75 0.99 0.99, 0.99

Early or threatened labor 1,428 (0.5) 0.07 0.06, 0.07 1.00 1.00, 1.00 0.91 0.90, 0.93 0.94 0.93, 0.97
Disorders relating to short
gestation and low birth weight
or Early or threatened labor

24,396 (8.5) 0.91 0.91, 0.91 0.98 0.98, 0.98 0.74 0.74, 0.75 0.99 0.99, 0.99

CI, confidence interval; NPV, negative predictive value; PPV, positive predictive value.

estimating the beginning of pregnancy
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proposed algorithms,28 but further research is needed
before recommendations can be made for the estimation
of the length of gestation in stillbirths and abortions. Our
methods are based on the use of ICD-9/10 codes for
short gestation and early labor to identify preterm
deliveries and are thus generalizable to databases with
comparable coding practices. The positive predictive
value of the preterm indicator might increase by using
more restrictive ICD 9/10 codes, at the risk, though, of
a potentially decreased sensitivity. Furthermore, in other
databases, information on the gestational age at birth
may be retrieved from the fifth digit in the ICD 9 code
765.2x. However, the fifth digit is not recorded in
British Columbia perinatal database. If the fifth digit is
available, methods that make use of such information
should be considered, possibly after a validation study.

Regression results may be optimistic because the
derivation and validation datasets come from the same
source. Two regression models in algorithm D and six
in algorithm E are based on a small number of pregnan-
cies (less than 10 pregnancies per predictor); a few
regression coefficients and/or their standard errors in
those strata are not estimable because of sparse data.
Also, we assumed all pregnancies were independent
observations, although included in the study popula-
tion are multifetal gestations and siblings. As a result,
standard errors of the regression coefficients may be
inaccurate. Regression results are applicable to other
populations with characteristics that may affect the
duration of pregnancy (e.g., ethnic background) and
patterns of prenatal care similar to the ones in British
Columbia. Prenatal care recommendations in the

Figure 1. Distribution of estimated gestational age at birth minus clinical gestational age at birth among pregnancies with gestational age at birth<37 completed
weeks (left column) and≥37 completed weeks (right column), in weeks. Negative numbers on the horizontal axis represent estimated gestational age at birth shorter
than clinical gestational age at birth; positive numbers represent estimated gestational age at birth longer than clinical gestational age at birth. GAB, gestational age
at birth
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USA29–31 and the UK32,33 are comparable with the
ones in British Columbia. Otherwise, coefficients
would need to be adapted to the local guidelines. It
should be noted that the clinical gestational age at
birth in this database is recorded in completed weeks;
thus, 1 week is the maximum precision attainable in
this study. Refinement of the preterm indicator could
involve incorporating codes for the postnatal care of
preterm infants; a post-term indicator may also be
considered.
In conclusion, subtracting 35weeks (245 days) from

the birth date in deliveries with preterm-related codes
and 39weeks (273 days) in deliveries without them pro-
vided optimal estimates of the beginning of pregnancy
in terms of ease of implementation and accuracy. This
method can be implemented in mother–offspring linked
data for drug safety in pregnancy and related research.
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• Estimates are more accurate among term deliveries
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