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Abstract

Purpose—To validate an algorithm that uses delivery date and diagnosis codes to define
gestational age at birth in electronic health plan databases.

Methods—Using data from 225,384 live born deliveries among women aged 15-45 years in
2001-2007 within 8 of the 11 health plans participating in the Medication Exposure in Pregnancy
Risk Evaluation Program, we compared 1) the algorithm-derived gestational age versus the “gold-
standard” gestational age obtained from the infant birth certificate files; and 2) the prenatal
exposure status of two antidepressants (fluoxetine and sertraline) and two antibiotics (amoxicillin
and azithromycin) as determined by the algorithm-derived versus the gold-standard gestational
age.

Results—The mean algorithm-derived gestational age at birth was lower than the mean obtained
from the birth certificate files among singleton deliveries (267.9 versus 273.5 days) but not among
multiple-gestation deliveries (253.9 versus 252.6 days). The algorithm-derived prenatal exposure
to the antidepressants had a sensitivity and a positive predictive value (PPV) of 295%, and a
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specificity and a negative predictive value (NPV) of almost 100%. Sensitivity and PPV were both
>90%, and specificity and NPV were both >99% for the antibiotics.

Conclusions—A gestational age algorithm based upon electronic health plan data correctly
classified medication exposure status in most live born deliveries, but misclassification may be
higher for drugs typically used for short durations.
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INTRODUCTION

Accurate estimation of gestational age is critical when studying the reproductive safety of
medications as the effects of medications on birth outcomes are often specific to certain
gestational periods.1~® Electronic health plan databases are increasingly used in pregnancy
research.”~11 When using these databases to study medication safety during pregnancy, valid
classification of prenatal exposure status depends not only on the accuracy of the pharmacy
dispensing data (e.g., dispensing date, days supplied) to determine treatment occurrence and
duration, but also on the accuracy of the method used to define the beginning of pregnancy
and gestational age.12 Incorrect gestational age information may lead to misclassification of
medication exposure during specific periods of pregnancy, which in turn impairs the validity
of study results.

However, because electronic health plan databases often do not include direct measures of
gestational age, researchers have to develop some sort of algorithm based on available
information to define gestational age.1314 Although several gestational age algorithms have
been widely used, few of them have been rigorously validated.1>-17

Using data from the Medication Exposure in Pregnancy Risk Evaluation Program
(MEPREP), we validated an algorithm that relies on the delivery date and specific diagnosis
codes to define gestational age at birth (hereon referred to as gestational age) in electronic
health plan databases against a “gold-standard” gestational age obtained from the infant
birth certificate files.

METHODS

Data source

MEPRERP is a collaborative research program between the U.S. Food and Drug
Administration and eleven health plan-affiliated research institutions from three contract
sites: the HMO Research Network, Kaiser Permanente of California, and Vanderbilt
University School of Medicine/Tennessee State Medicaid. Detailed description of MEPREP
can be found elsewhere.18 This study used the data from eight health plans within the HMO
Research Network. The eight health plan-affiliated research institutions provide access to
data for approximately four million current enrollees within seven states, covering
geographically and ethnically diverse populations who receive a wide array of care in
various medical care delivery models.

To support multi-site studies of medication safety in pregnancy, the research institutions
have extracted information on maternal and infant enrollment, demographics, outpatient
pharmacy dispensings, and outpatient and inpatient health care encounters from their
administrative and claims databases.1® They have linked these health plan files to infant
birth certificate files obtained from the state departments of public health, which include
information on sociodemographic, medical, and reproductive factors, such as maternal race/
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ethnicity, parity, and infant’s gestational age at birth. All data have been transformed to de-
identified, standardized datasets.

The study was approved by the Institutional Review Board of each participating
organization, and the state departments of public health, where applicable.

Study population

The study population included all live born deliveries among women aged 15-45 years
between January 1, 2001 and December 31, 2007 with valid gestational age information in
the linked infant birth certificate files. To be eligible for the analyses of medication exposure
classification, we further required women to have continuous health plan enrollment and
pharmacy benefits from 100 days before pregnancy through delivery so that most, if not all,
outpatient pharmacy dispensings could be captured in health plans’ claims files. We used a
100-day pre-pregnancy period to ensure comprehensive capture of medication use at the
beginning of pregnancy because some MEPREP sites dispensed a 90-day supply for some of
the medications studied.

Gestational age defined by an algorithm based upon health plan data

We examined the accuracy of an algorithm that uses only information available in electronic
health plan data to define gestational age. As summarized in Table 1, the algorithm assumes
1) a 270-day gestational age for deliveries without a recorded International Classification of
Diseases, 9™ Revision, Clinical Modification (ICD-9-CM) diagnosis code for preterm birth;
2) a 245-day gestational age for deliveries with an ICD-9-CM code for preterm birth of
unspecified gestational age; and 3) the specified upper limit of gestational age for deliveries
with an ICD-9-CM code for preterm birth that includes a gestational age range (e.g.,
assumes a gestational age of 32 weeks for deliveries with an ICD-9-CM code 765.26 [“31 to
32 weeks of gestation™]).

Gestational age in birth certificate files (“gold standard”)

The infant birth certificate files contained gestational age estimated from the last menstrual
period (LMP), as well as the clinical or obstetric estimate of gestational age. The accuracy
and limitations of each measure have been described elsewhere.1%-21 We defined our gold
standard based on the approach developed by the National Center for Health Statistics
(NCHS) of the Centers for Disease Control and Prevention,?2 which uses the LMP-based
gestational age whenever possible, and substitutes the clinical or obstetric estimate of
gestational age for the LMP-based estimate when the latter is not available or has invalid
value. NCHS considers a gestational age between 17 and 47 weeks as valid, but 17 weeks
was too low and 47 weeks was too high in our population. Therefore, we defined valid
gestational age as between 20 and 45 weeks and compatible with the infant’s birthweight
after taking plurality into account. Changing the gold standard from LMP-based gestational
age to clinical or obstetric estimate-based gestational age would not affect the results as the
two estimates were identical in more than half of all deliveries and within +1 week in
approximately 85% of all deliveries in our population; the difference in means was 1 day
(Appendix, Table Al).

Trimesters of pregnancy

We defined the beginning of the first trimester (“day zero”) in the health plan data as the
date of delivery minus the algorithm-derived gestational age. Within the birth certificate
data, we defined “day zero” as the delivery date minus the gold-standard gestational age.
This method of assigning “day zero” is also consistent with the approach used by the
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NCHS.22 We classified the first trimester as days 0-89, the second trimester as days 90-179,
and the third trimester as day 180 through delivery.

Statistical analysis

RESULTS

We compared the distributions (e.g., mean, range) of the algorithm-derived gestational age
with the gold-standard gestational age. We calculated the proportions of deliveries whose
algorithm-derived gestational age were within 0, £1-7, £8-14, +15-21, +22-28, or more
than +28 days of the gold-standard gestational age. In addition, we compared the proportions
of preterm deliveries (<37 completed weeks of gestation) and term deliveries (=37
completed weeks of gestation) as classified by the two approaches. We stratified the
analyses by plurality (singleton versus multiple gestation) as defined by the health plan data.
This stratifying variable and the term/preterm status described below was determined from
the health plan data because we were interested in assessing the validity of the algorithm in
the research setting where birth certificate data are not available, i.e., all maternal and infant
characteristics have to be defined by health plan data.

To further assess the accuracy of the gestational age algorithm, we identified for each
delivery the prenatal exposure status of four medications: the antidepressants fluoxetine and
sertraline (drugs typically intended for long-term use), and the antibiotics amoxicillin and
azithromycin (drugs generally intended for short-term use). We chose these drug classes
because they are commonly used during pregnancy, and the specific drugs because they are
among the most widely used in their respective classes. We identified the use of these
medications from each health plan’s outpatient pharmacy dispensing file, and periods of
drug exposure from the dispensing dates and days supplied. We incorporated a 14-day grace
period after the expected exhaustion of the days supplied for each dispensing and considered
women exposed during that period.

Using the exposure status determined by the gold-standard gestational age as the true
exposure status, we calculated, for each drug, the sensitivity, specificity, positive predictive
value (PPV), and negative predictive value (NPV) of exposure status any time during
pregnancy and in each trimester as defined by the algorithm. We also stratified all analyses
by term and preterm delivery status as defined by the algorithm.

Between 2001 and 2007, there were 246,237 live born deliveries, of which 226,313 (92%)
had the health plan data linked to the infant birth certificate files. Gestational age was
missing or invalid in the birth certificate files for only 929 (0.4%) of these 226,313
deliveries, with the proportion ranging from 0.1% to 1.0% across health plans. The final
study population included 225,384 deliveries. The mean maternal age at delivery was
approximately 30 years for both the study population and deliveries without linked birth
certificate data (Table 2). The proportion of preterm birth as defined by the algorithm was
lower in the study population than in deliveries without birth certificate data (8.4% versus
10.6%). For the deliveries with gestational age information missing or invalid in the linked
birth certificate files, their mean algorithm-derived gestational age was lower (257.1 versus
267.6 days) and their likelihood of having a preterm delivery (45.0% versus 8.4%) was
substantially higher than the study population.

Algorithm-derived versus gold-standard gestational age

As shown in Table 3, the mean algorithm-derived gestational age in the study population
was lower than the mean gold-standard gestational age (267.6 versus 273.1 days). However,
the lower mean was observed only among singleton deliveries identified by health plan data
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(267.9 versus 273.5 days), but not in multiple-gestation deliveries (253.9 versus 252.6 days).
The algorithm classified more deliveries as term, and fewer as early preterm and late
preterm than the gold-standard gestational age. Compared with the delivery status as defined
by the gold-standard gestational age, the algorithm had a sensitivity of 98%, a specificity of
46%, a PPV of 91% and a NPV of 83% in identifying term delivery among all deliveries
(Table 4). The sensitivity and PPV were lower but the specificity and NPV were higher
among multiple-gestation deliveries.

The algorithm-derived gestational age corresponded exactly to the gold-standard gestational
age in 2.2% of all deliveries (Table 5), but this differed by term versus preterm status: 26%
for preterm deliveries and 0% for term deliveries as defined by the algorithm. The difference
between the two gestational age estimates was within £7 days in 46% of all deliveries, 45%
of term deliveries, and 61% of preterm deliveries. The corresponding proportions for a
difference within £14 days were 77% in both term and preterm deliveries.

Prenatal medication exposure status

A total of 146,173 (65%) deliveries were by women who had continuous health plan
enrollment and drug coverage from 100 days before pregnancy through delivery. When we
compared the fluoxetine exposure status based on the algorithm with that defined by the
gold-standard gestational age, the sensitivity and PPV were generally 95% or greater and the
specificity and NPV were close to 100% (Table 6). This applied to exposure status any time
during pregnancy and in each trimester, as well as the analysis stratified by term and preterm
delivery status. The results for sertraline were similar (Appendix, Table A2).

The performance of the algorithm in classifying the exposure status of the two antibiotics
during pregnancy was overall poorer, but nearly all of the sensitivities and PPVs were above
90%, and specificities and NPVs above 99% (Table 7 and Appendix, Table A3). The
performance of the algorithm was slightly better among term deliveries than among preterm
deliveries.

DISCUSSION

In this study, we found that an algorithm based only on health plans’ administrative and
claims data underestimated the mean gestational age by an average of 5.5 days when
compared with the gestational age information obtained from the infant birth certificate files
(our gold standard). The lower mean algorithm-derived gestational age was observed only
among singleton deliveries, but not among multiple-gestation deliveries. Interestingly, the
algorithm underestimated the prevalence of preterm delivery despite having a lower mean
gestational age. We also observed that the algorithm correctly classified the prenatal
exposure status of the selected antidepressants and antibiotics in most deliveries;
misclassifications were overall minor among term deliveries, and slightly higher among
preterm deliveries.

We found a greater difference in mean gestational age between the algorithm and the gold
standard in singleton deliveries than in multiple-gestation deliveries. In our study, singleton
deliveries had a mean gold-standard gestational age of 273.5 days, and about 86% of them
were term deliveries. The lower agreement of mean gestational age among singleton
deliveries might be due to the 270-day upper bound set by the algorithm, which by
definition, would underestimate the gestational age among pregnancies that exceeded 270
days (e.g., post-term deliveries). In contrast, 64% of all multiple-gestation deliveries were
preterm. By specifically incorporating ICD-9-CM codes indicating preterm births, the
algorithm was more tailored to preterm deliveries. Incorporating post-term delivery
diagnosis codes into the algorithm and using 273 days (i.e. 39 weeks) for term deliveries
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without preterm or post-term diagnosis codes may further improve the validity of the
algorithm, and may be a topic of future investigation.

Antidepressants are generally intended for long-term use, whereas antibiotics are typically
used for short periods. Therefore, one would expect the algorithm to have a poorer
sensitivity and PPV for antibiotic use than for antidepressant use because the shorter the
treatment duration, the less likely there would be an overlap between the treatment duration
and a given trimester defined by an imperfect gestational age algorithm. Indeed, we
observed a higher sensitivity and PPV for antidepressants in both term and preterm
deliveries. Within each drug class, there were some indications that sensitivity and PPV
might vary slightly by term/preterm status, but the differences were small and most of the
95% Cls overlapped.

Our findings are comparable to the results from previous studies. In a recent study, Margulis
et al also observed that first-trimester exposure to selective serotonin reuptake inhibitors was
less sensitive to the choice of gestational age algorithm than exposure to the anti-fungal
medication fluconazole.1” Toh et al have previously validated an algorithm that assumed a
270-day gestational age for both term and preterm deliveries.!® They found that the
sensitivity was 93% and the specificity was 99% for the first-trimester exposure status of
anti-infectives in women who had a term delivery. In our study, the sensitivity was 91-93%
and the specificity was over 99% for the two antibiotics among term deliveries. In contrast,
our algorithm incorporated the preterm birth diagnosis codes, therefore achieving better
performance among preterm deliveries compared with the algorithm validated by Toh et al.

A previous study by Raebel et al® that used the birth registry data from one of the
participating health plans found that the prevalence estimate for medication use during
pregnancy as determined by the 270-day algorithm differed by 1% or less (in absolute
terms) when compared to the prevalence estimated by LMP-based gestational age. This is
compatible with our results suggesting the generally good performance of the algorithm in
classifying prenatal exposure to antidepressants and antibiotics. Although certain degree of
agreement is expected between the study by Raebel et al and the current study, it is
reassuring to see that the results are similar in our study which had much larger and more
diverse population.

This study has several strengths. First, our study population — identified from eight health
plans — was geographically and demographically diverse, thus increasing the generalizability
of our findings. Second, we were able to obtain a reasonable gold-standard gestational age
for the majority of deliveries. Although the gestational age information recorded in the
infant birth certificate files is not always accurate, our gold standard represents one of the
best available approaches for ascertaining gestational age for large population-based studies.
We gave priority to the LMP-based gestational age to be consistent with the approach
employed by the NCHS. Cooper et al has previously validated the birth certificate LMP and
found a concordance within two weeks between the birth certificate LMP and the hospital
records in 94% of the records reviewed.23 Clinical or obstetric estimate of gestational age
may be more accurate than LMP-based gestational age in clinical practice, but only when
appropriate measurement methods are used.24-27 Without information on the measurement
methods, we were not able to determine whether the clinical or obstetric estimate would
provide more valid gestational age information in our study. However, the choice of the gold
standard is unlikely to affect our results because of the high agreement between the LMP-
based and clinical/obstetric estimate of gestational age in our population.

On the other hand, our study was not without limitations. We validated only one of the many
algorithms that researchers could use in the absence of gestational age information. We only
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evaluated two antidepressants and two antibiotics, thus it is unclear whether the algorithm
would have the same performance on other medications. We allowed a 14-day grace period
for antibiotics, which might be too long for drugs that are usually prescribed for short
durations. Even though the use of grace period is common in pharmacoepidemiologic
research, there are no standardized ways to determine its length. The choice depends on
various factors, such as how the medications are generally taken, and the pharmacologic
actions of the medications on the outcomes of interest. We were not able to study all
possible scenarios, and chose to apply the same length to both antidepressants and
antibiotics for consistency. However, this might have overestimated the sensitivity and
underestimated the specificity of the algorithm on prenatal antibiotic exposure. We
encourage researchers who are interested in using our algorithm to use different grace
periods to examine the robustness of their findings.

In conclusion, a gestational age algorithm based on the delivery date and diagnosis codes for
preterm birth from electronic health plan data performed well in classifying prenatal
medication exposure status. The performance might be slightly poorer for drugs that are not
intended for long-term use (e.g., antibiotics). Whenever possible, linking these health plan
databases to other data sources such as birth certificate files is preferred. However, if this is
not feasible, the algorithm validated in this study may provide a viable alternative for
gestational age estimation and be used in studies of medication safety during pregnancy.
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ICD-9-CM diagnosis codes for preterm birth and completed weeks of gestation, and their use in the

Table 1

gestational age algorithm

ICD-9-CM code Definition Algorithm-derived gestational age

Weeks Days
765.21 Less than 24 completed weeks of gestation 24 168
765.22 24 completed weeks of gestation
765.23 25-26 completed weeks of gestation 26 182
765.24 27-28 completed weeks of gestation

28 196

765.0-765.09 Extreme immaturity
765.25 29-30 completed weeks of gestation 30 210
765.26 31-32 completed weeks of gestation 32 224
765.27 33-34 completed weeks of gestation 34 238
765.28 35-36 completed weeks of gestation 36 252
765.1-765.19 Other preterm infants 35 245
765.20 Preterm with unspecified weeks of gestation
644.21 Onset of delivery before 37 completed weeks of gestation

Abbreviations: ICD-9-CM: International Classification of Diseases, 9th Revision, Clinical Modification

*
Gestational age for deliveries without an ICD-9-CM diagnosis code for preterm birth in the table was assumed to be 270 days.
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