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Abstract

Many examples of the use of real-world data in the area of pharmacoepidemiology include “big 

data,” such as insurance claims, medical records, or hospital discharge databases. However, “big” 

is not always better, particularly when studying outcomes with narrow windows of etiologic 

relevance. Birth defects are such an outcome, for which specificity of exposure timing is 

critical. Studies with primary data collection can be designed to query details about the timing 

of medication use, as well as type, dose, frequency, duration, and indication, that can better 

characterize the “real world.” Because birth defects are rare, etiologic studies are typically 

case-control in design, like the National Birth Defects Prevention Study, Birth Defects Study 

to Evaluate Pregnancy Exposures, and Slone Birth Defects Study. Recall bias can be a concern, but 

the ability to collect detailed information about both prescription and over-the-counter medication 

use and other exposures such as diet, family history, and sociodemographic factors is a distinct 

advantage over claims and medical record data sources. Case-control studies with primary data 

collection are essential to advancing the pharmacoepidemiology of birth defects.
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Almost 90% of pregnant women take a medication, yet there is a paucity of data on 

the safety of many medications during pregnancy.1,2 Among their 15 recommendations to 
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Congress, the Task Force on Research Specific to Pregnant Women and Lactating Women 

recognized the need to “increase the quantity, quality, and timeliness of research on safety 

and efficacy of therapeutic products used by pregnant women and lactating women.”3 Many 

researchers have capitalized on the wealth of “big data” (ie, large secondary data sources, 

such as insurance claims or hospital discharge databases initially collected for purposes 

other than scientific research) to address this challenge.4–8 In fact, many examples of 

“real-world” pharmacoepidemiology data use such data sources across a variety of subject 

domains. (Throughout this commentary, we use the term real world to indicate the actual 

experiences [ie, medication dispensation or use patterns] of women outside of a controlled 

clinical trial setting.) Despite their strengths, including prospective data collection, these 

analyses often rely on claims as a proxy for prescription medication exposure and billing 

codes to ascertain conditions of interest. Additionally, information on the use of over-the-

counter (OTC) medications or supplements is limited to those few, if any, covered by 

insurance, which would still be a severe underestimate of actual use. Of relevance to 

birth defects research in particular are pharmacoepidemiologic studies based on insurance 

claims and medical records data sources, which often depend on algorithms to identify 

the pregnancies, outcomes, exposure, and, importantly, their timing. Another real-world 

approach to studying the safety of medication use in pregnancy complementary to analyses 

of administrative data are case-control studies, such as the population-based National Birth 

Defects Prevention Study (NBDPS), Birth Defects Study to Evaluate Pregnancy Exposures 

(BD-STEPS), and Slone Birth Defects Study (BDS).

Conducting pharmacoepidemiologic studies of birth defects is challenging for several 

reasons. It is critical to have accurate information not only on the timing of medication 

exposure but also on the beginning of pregnancy (conception). This is because the important 

window of exposure for many major structural birth defects is early in the first trimester of 

pregnancy, the period of organogenesis.9 In many real-world secondary data sources, data 

on the timing of pregnancy are not available in any standardized fashion. Because health 

insurance claims data sources are for billing purposes, documentation of gestational timing 

is not typically essential. When there is no record of the date of conception, or even the 

identification of a pregnancy, its outcome, and the critical time periods in pregnancy (eg, 

first trimester), epidemiologists have to rely on algorithms based on diagnosis, procedure, 

and/or diagnosis-related group codes.10–13 When algorithms have been compared with 

birth certificates or medical records, with more detailed pregnancy information, agreement 

between sources was not perfect, with variation by type of algorithm and gestational 

length.14,15 Because of the rapid embryologic development, misestimation of the beginning 

of pregnancy by even a few weeks could result in biased estimates of the association 

between a medication and a birth defect, with bias more likely for algorithms that do not 

account for preterm births and/or focus on medications used episodically.15 An advantage 

of real-world studies that use primary data collection is the ability to gather detailed 

information on the timing of medication exposures paired with clinical data on pregnancy 

dates. For example, NBDPS, BD-STEPS, and BDS ask women about their expected due 

date, which serves as an anchor for determining pregnancy timing. To determine whether 

a medication exposure occurred in the etiologically relevant window, determination of 
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gestational timing is important and gestational timing has been shown to be accurately 

reported retrospectively within 6 months of delivery.16

Although pharmacy records provide evidence of dispensed medications, there is no 

guarantee that a medication is taken at all or for the entire period prescribed, or that 

medication users continued use at the prescribed dose. By interacting with women, 

studies that use primary data collection may glean more accurate medication exposure 

information. Administrative data may underestimate use if prescription medications are paid 

for out of pocket or ascertained through pharmacies not affiliated with the underlying data 

source. In addition, medication sharing is common; in a 2008 survey, more than one-third 

of reproductive-aged women reported sharing or borrowing prescriptions.17 Conversely, 

administrative data may overestimate medication use because of nonadherence if women do 

not fill all prescribed medications or do not take all dispensed medications. Given concerns 

about potential teratogenicity or other negative impacts during pregnancy, women may stop 

taking a prescribed medication after they find out they are pregnant or they may take a dose 

lower than prescribed.18–20

It is also important to understand the full spectrum of medication exposures. More than 

half of women report using acetaminophen in the first trimester, and OTC medications 

(e.g., analgesics, cough and cold medicines, gastrointestinal medications) are some of 

the most common medications used periconceptionally.1,21 Given their frequency of use, 

it is vital to monitor the safety of OTC medications and to consider their concomitant 

use with other OTC and prescription medications.22,23 For instance, Interrante et al23 

found associations with specific birth defects varied between women periconceptionally 

exposed to nonsteroidal anti-inflammatory drugs alone, opioids alone, and nonsteroidal anti-

inflammatory drugs and opioids combined, compared with those who took acetaminophen. 

Herbal supplements are also worthy of consideration. Almost 6% of women reported taking 

an herbal supplement during the first trimester of pregnancy, and use increased slightly 

from 6.1% to 7.6% upon recognition of pregnancy.24 The Dietary Supplement Health 

and Education Act of 1994 identified dietary supplements, including herbal supplements, 

as food.25 Given the different regulatory pathways in the United States for prescription 

medications and herbal supplements, less information is available on the frequency and 

safety of use of herbal supplements during pregnancy. Without primary data, the safety of 

OTC and herbal supplement use, their concomitant use with other medications, and their 

confounding effects would be poorly understood.

Using primary data collection methods, information can also be obtained about the “why” 

of medication use—a vital consideration in pharmacoepidemiologic studies of birth defects 

when there is concern about the potential for confounding by indication. Indication for 

use of a medication can be difficult to ascertain in big data sources because prescriptions 

are generally not easily linked to a health care encounter and indication for use might not 

be clearly captured. For instance, in an analysis of Tennessee Medicaid data, Cooper et 

al26 were only able to identify an indication for 173 of 391 women (44%) who filled a 

medication for a medication contraindicated during pregnancy. By querying women about 

acute and chronic conditions as well as medication use, for instance, NBDPS, BD-STEPS, 

and BDS have attempted to account for underlying conditions; for instance, assessing 
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the associations between antibiotics and birth defects only among women with reported 

urinary tract infections.27 Still, these data are useful but certainly far from representing the 

complexities of underlying health status for those exposed to the disease or exposed to a 

given medication.

The comprehensive primary data collected in case-control studies also allow for collection 

of important information on potential confounders and effect modifiers such as diet, 

lifestyle factors, occupation, environmental exposures, sociodemographic factors, and 

genetics. Periconceptional smoking, alcohol consumption, and low intake of folic acid are 

strongly associated with a number of birth defects.28–30 Information on these exposures 

is rarely available in administrative databases and, even when present, may be subject to 

misclassification if the information is not directly reported by study participants.31 As a 

result of the availability of comprehensive risk factor information, for example, researchers 

identified that diet modified the association between nitrosatable drugs and preterm birth,32 

and folic acid intake modified the association between nonsteroidal anti-inflammatory drugs 

and spina bifida.33 Such analyses are only possible with comprehensive primary data 

collection.

Beyond those noted above, advantages of case-control study design in assessing risk 

factors for birth defects include population-based ascertainment of participants, inclusion 

of pregnancy losses, accruing sufficient sample sizes of specific birth defects, and applying 

stringent and consistent case classification schema. However, these topics have been 

discussed extensively in the literature34,35 and are outside the scope of this commentary.

Still, to better characterize potential differences in medication information ascertained 

through maternal interview as compared with medical, insurance, or other sources, 

validation studies are necessary. Several BD-STEPS sites are conducting pilot medication-

validation projects, which will allow quantitative bias analyses in the future.36 However, 

there is no true gold standard data source, because both dispensation data and interview 

data have limitations. Nevertheless, medication-validation studies provide useful data points 

for sensitivity analyses to establish a plausible range of exposure misclassification. Howley 

et al37 compared maternally reported prescription information with information in medical 

records for medication used in early pregnancy among 184 BD-STEPS participants from 

New York. No significant or meaningful differences were noted in the concordance of 

prescription medications between the 2 data sources (maternally reported and medical 

records) by case and control status, supporting an argument that any resulting bias is 

more likely to be nondifferential in medication studies.37 To be able to say a medication 

is causally associated with a birth defect requires consistency, 1 of the Bradford-Hill 

criteria of causality,38 which, by definition, requires diverse populations and, ideally, diverse 

approaches—underlining the value of including both big data mining and primary data 

collection. Case-control studies are resource- and time-intensive, whereas big data are more 

readily available, but full access to electronic health data may come at a substantial cost. 

Although not limited to the examination of medication exposures, case-control studies can 

be useful in further examining teratogenic signals from big data analyses. For instance, 

Huybrechts et al39 found an elevated association (relative risk = 3.70; 95% CI, 1.55–8.82) 

between hydroxychloroquine and oral clefts, based on a total of 25 exposed pregnancies, in 
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a large cohort study using MarketScan and Medicaid databases. In their subsequent analysis 

of NBDPS and BDS data, Howley et al40 also noted an increase in clefts, based on a total 

of 6 exposed pregnancies, but notably did not find a discernable pattern (identifying 2 each 

of cleft palate alone, cleft lip alone, and cleft lip with or without cleft palate). Because of 

the specificity of outcome ascertainment, case-control studies may also detect signals that 

are not observed in big data when groups of specific birth defects are combined. Tinker 

et al41 nicely described this phenomenon in a comparison of the Muanda et al cohort 

study42 and NBDPS findings reported by Crider et al43 Briefly, a possible explanation for 

the null finding between nitrofurantoin and cardiac defects in the cohort study could be 

lack of outcome specificity.41,42 Although the NBDPS analysis found a similar estimate for 

nitrofurantoin and any cardiac malformation, because of the ability to look at specific defect 

types, an elevated association for 1 particular heart defect (hypoplastic left heart syndrome) 

was observed.43

Because pregnant women are often not included in the pre-marketing research, 

postmarketing surveillance and research of medication use during pregnancy will have to 

provide the data for the important question of whether medications are of concern during 

pregnancy. Along with big data, case-control studies play a pivotal role in providing the real-

world evidence of medication exposures during pregnancy and the pharmacoepidemiology 

of birth defects. Future analyses will continue to monitor the safety of medications during 

pregnancy and build upon the comprehensive data collection of these studies to consider the 

likely multifactorial nature of birth defects.
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