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ABSTRACT

Medication use in pregnancy is common, but
information about the safety of most medications in
pregnant women or their infants is limited. In the
absence of data from randomized clinical trials to guide
decisions made by regulators, clinicians, and patients,
we often have to rely on well-designed observational
studies to generate valid evidence about the benefits
and risks of medications in pregnancy. Spontaneous
reporting, primary case—control and cohort studies,
pregnancy exposure registries, and electronic health
data have been wused extensively for studying
medication safety in pregnancy. This article discusses
these data sources, their strengths and limitations, and
possible strategies and approaches to mitigating
limitations when planning studies or interpreting
findings from the literature. Strategies discussed include
combining data sources across institutional or national
borders, developing and using more sophisticated study
designs, and taking advantage of existing analytic
methods for more complex data structures, such as
time-varying exposure or unmeasured confounding.
Finally, we make recommendations for study designs
that aid in better risk-related communication. (Clin
Ther. 2019;41:2467—2476) © 2019 Elsevier Inc. All
rights reserved.

Key  words: medications in  pregnancy,
pharmacoepidemiology.
INTRODUCTION

While it is now well-recognized that exposure to
medications during pregnancy may pose a risk to the
mother or fetus, until the mid-20th century many
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within the medical field believed that the uterus and
placenta acted as barriers to harmful substances,
protecting the developing fetus.! Our views have
changed markedly, partly due to a number of drug
“crises” that have occurred within the past 6 decades,
the most notable being the case of thalidomide.
Thalidomide was a widely used hypnotic/sedative
during the late 1950s. In the early 1960s, 2 clinicians
independently recognized that use during pregnancy
was associated with severe limb malformations and a
number of other anomalies.” The recognition of the
adverse effects of thalidomide on the developing fetus
occurred several years after the initial marketing of
the product, with >10,000 affected
worldwide. The case of thalidomide not only
increased the awareness of health care providers and
the general public about the potential harm of
medications in pregnancy, it also influenced drug
regulations in the United States and internationally,
leading to enhancements to drug-safety systems and
requirements for the preclinical testing of medications.

The thalidomide disaster focused substantial
attention on immediate pregnancy
following drug exposure, such as malformations.
Perhaps the first case that demonstrated the long-
term effects of in utero exposure to medications
involved diethylstilbestrol, which was prescribed for
the prevention of spontaneous abortion and preterm
births in millions of pregnant women in the United
States and Europe during the 1950s and 1960s.” In

infants
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1970, a report by Herbst et al described a cluster of
cases of adenocarcinoma of the vagina in patients
aged 15—22 years in one Massachusetts hospital,
with a subsequent report in 1971 that described a
strong association with prenatal
diethylstilbestrol.” The findings were particularly
striking given that adenocarcinoma of the vagina was
extremely rare in that age group.

Throughout the decades since the thalidomide
disaster, a number of other reported associations
between in utero exposure to medications and adverse
pregnancy and birth outcomes have led to increased
caution and warnings (eg, labeling changes). However,
a number of purported associations have not been
supported by the totality of the
pharmacoepidemiologic evidence. One example is the
case ~ of  Bendectin  (pyridoxine/doxylamine/
dicyclomine), a medication widely prescribed for the
alleviation of nausea and vomiting in pregnant
women. In the early 1970s, reports of infants born
with various malformations after in utero exposure to
Bendectin were publicized in the media, causing public
concern.’”  While epidemiologic  studies
suggested an association between in utero exposure to
Bendectin and various malformations, many more
studies reported no association.” ’ Even with this
evidence of safety, the manufacturer discontinued
manufacturing the drug in 1983 due to numerous
lawsuits and adverse publicity.’ Another manufacturer
introduced a medication with the same ingredients as
Bendectin (doxylamine-pyridoxine) in 2013, and it is
the only medication currently approved in the US for
nausea and vomiting in pregnancy.

While these and other instances highlight the
importance of the possible risks of medication use
during pregnancy, evidence to support the safety of
most medications for use during pregnancy is
inadequate. Although preclinical animal studies for
teratogenicity and developmental toxicity are required
for new drugs, animal models are often not predictive
of human risks.>” Premarketing randomized trials to
evaluate the safety and efficacy of medications
generally exclude pregnant women. In addition, well-
designed postmarketing studies of most currently
marketed medications have not been performed.’
Thus, limited data exist to guide decision-making by
pregnant women and their health care providers,
underscoring the need for rigorous postmarketing
observational studies to fill the evidence gap. This

exposure to

several
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article describes currently available data sources for
conducting such studies and suggests future directions
for improving and refining our approach to assessing
the safety of medications in pregnancy.

DATA SOURCES USED IN MODERN
POSTMARKETING RESEARCH OF
MEDICATION SAFETY IN PREGNANCY
Spontaneous Reporting and Individual Case Safety
Reports

Postmarketing data on the safety of medications in
pregnancy can be obtained from the spontaneous
reporting systems designed to collect safety-related
data about medical products in the broader patient
population (Table I). For example, the US Food and
Drug Administration's (FDA)  Adverse
Reporting System'’ and the Vaccine Adverse Event
Reporting System'® allow manufacturers, health care
professionals, patients, and other consumers to report
medication-related adverse events, including those that
pregnant World Health
Organization maintains Vigibase, a global database of
19 million individual case safety reports contributed
by > 100 countries.'” In one study, researchers
analyzed reports submitted to Vigibase to explore the
associations between antipsychotic use during
pregnancy and congenital malformations.'” The study
found a higher number of reports of gastrointestinal
congenital abnormalities associated with prenatal
exposure to antipsychotics. Teratology Information
Services, including the European Network of
Teratology Information Services, which
Europe, Israel, and Latin America,'! as well as the
Organization of Teratology Services, which includes
North America,'® provide a counseling resource for
pregnant women. Data from these services have been
used, for example, to compare effects in metformin-
exposed pregnancies to those from an unexposed
group, which found that the slightly elevated risk for
malformations was likely due to the underlying

condition (pregestational diabetes) and not the drug
itself."”

Event

involve women. The

covers

DATA GATHERED FOR THE PURPOSE OF
SURVEILLANCE OR RESEARCH
Case—control Studies of Birth Defects

There have been considerable efforts in collecting
data specifically for the surveillance or research of
medication safety in pregnancy. Initiated in 1976
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Table I.
limitations, and possible improvements.

Data Source Example Strengths

Spontaneous Vigibase10

case reports

Early signal detection

M.E. Wood et al.

Summary of currently used data sources for research of medication safety in pregnancy, with strengths,

Limitations Ways to Improve

Stimulated reporting bias; Standardize case
lack of data
harmonization across

report forms
across reporting
systems; does not systems

include noncases

Teratology European Network Early signal detection Stimulated reporting bias; Pool data across
Information of Teratology small sample size Teratology
Services Information Information

Services'' Services centers

Case-control ~ National Birth Excellent detail on specific Retrospective exposure Nest case-control
studies using  Defects birth defects; often reporting may induce studies in larger
primary data  Prevention highly detailed exposure  information bias; population

Study'? and confounder data, limited data on other databases; verify
including genetic and pregnancy outcomes exposure data
other biological data not used in the creation  from other

of the case-control sources
studies
Birth cohort ~ Norwegian Mother Highly detailed data, Selection bias; small Link multiple

and Child Cohort
Study'’

studies using
primary data
genetic and other

biological data

Studies that

repurpose
existing data

Medicaid Analytic
Extract'?

Sample size;

of the population

and ended in 2015, the Pregnancy Health Interview
Study (previously known as the Birth Defects Study)
was a large multicenter case—control study designed
to investigate potential associations of medications
and other exposures with birth defects.”’ The cases
and controls were identified in several US states.
Cases included infants with birth defects, and
controls comprised infants without birth defects.
Trained nurse—interviewers collected data from
>51,000 mothers via telephone. In one study,
researchers analyzed data from the Pregnancy
Health Interview Study and found that folic acid
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including confounders,
over-the-counter drugs,

representative sam ple

sample size cohorts; nest
cohorts in larger
population
databases
Minimal measurement of Augment with

some important linkage to other
data sources, such
as birth

certificates or

confounders; short

follow-up period for

some data sources
other population
databases

antagonists (eg, trimethoprim, carbamazepine) were
associated with higher risks for neural tube defects,
cardiovascular defects, oral cleft, and urinary tract
defects.”!

The National Birth Defects Prevention Study is an
ongoing case—control study that employs a study
design similar to that of the Pregnancy Health
Interview Study.'” In that study, >35,000 women
who gave birth to infants with birth defects (cases)
and infants without birth defects (controls) in 10 US
states have been interviewed. In addition to study of
the effects of medication use in pregnancy, the study
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also evaluates genetic and environmental factors
associated with birth defects. In one study,
researchers found that the use of selective serotonin
reuptake inhibitors was not associated with an
elevated risk for congenital heart defects or most
other categories of birth defects.””

Pregnancy Exposure Registries

Regulatory agencies such as the FDA may require
manufacturers to establish a pregnancy exposure
registry to collect data from women who are exposed
to certain prescription medications during pregnancy.
The risks for maternal or infant outcomes identified
from women (and their infants) within the registry
are compared with the risks obtained from other
sources. In one study that analyzed data from a
prospective pregnancy exposure registry, researchers
compared the risks for birth defects and pregnancy
outcomes among women exposed to natalizumab, a
medication used to treat multiple sclerosis, with the
risks estimated from the general population. They
found that while the rate of congenital malformations
was higher in the exposed pregnancies, there was no
pattern of specific defects suggesting an effect of drug
exposure.”’

Birth Cohort Studies

Large birth cohorts may also provide opportunities
for studying medication safety in pregnancy. Examples
include the Norwegian Mother and Child Cohort
Study'® and the Danish National Birth Cohort**; each
contains data from ~100,000 pregnancies in which
participants reported on many exposures, including
medication use. Both studies have been successfully
linked to population databases, and recently, the
cohorts have been combined to permit the study of
very rare outcomes, such as cerebral palsy.”’
Importantly, birth cohort studies that ascertain
exposure through self-report or interview can capture
data on over-the-counter medications, such as
acetaminophen, which has been linked to attention
deficit/hyperactivity disorder and related symptoms.”®
In addition, detailed confounder data may be much
richer in these studies, which was important in a recent
assessment of selective serotonin reuptake inhibitor
exposure and neurodevelopmental
children that adjusted for time-varying maternal
depression severity.””

outcomes in
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Existing Data Repurposed for Research

Electronic health data collected as part of routine
health care delivery, such as insurance claims data and
electronic health record data, have been widely used
to generate evidence about the safety and effectiveness
of medical treatments. Although these databases are
not created for research purposes, they contain
longitudinal data on a large number of individuals,
including pregnant women and their infants, which
enable population-based studies of medication safety
in pregnancy.”® In one study, researchers analyzed
data from Medicaid beneficiaries in the United States
to assess the association between prenatal exposure of
antidepressants and the risk for cardiac defects.”” The
large sample size allowed researchers to examine
individual antidepressants and specific cardiac defects.
In another study, researchers uses population-based
databases (typically also referred to as registries) in
Norway to study the association between exposure to
either influenza vaccination in the second or third
trimester or exposure to influenza infection, and fetal
death.’ They found that vaccination was associated
with no increased risk for fetal death, while influenza
infection itself increased the risk for fetal death
substantially.*”

Limitations of Existing Data Sources for Research
of Medication Safety in Pregnancy

Despite their strengths, each source of data for
research on medication safety in pregnancy comes
with its own set of limitations. Spontaneous reports
are susceptible to under-reporting or stimulated
reporting bias. Because these reports by definition
come from exposed cases, studies using this kind of
data often do not allow for the estimation of
absolute risks and may not fully capture long-term
adverse outcomes.’"?> Case—control studies of birth
defects often rely on maternal recall, after delivery, of
medication use during pregnancy, which may lead to
differential exposure misclassification if women who
gave birth to infants with birth defects recall their
medication use in different ways than do women who
gave birth to infants without birth defects.”> Many
pregnancy exposure registries do not achieve the
desired sample size and most do not collect data on
comparison groups (eg, women who use another
drug for the same indication).”* Birth cohort studies
are often too small-scale for confirmatory safety
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studies, especially for rare outcomes or rare
exposures.” Sources of existing data repurposed for
research are generally large enough to evaluate rare
outcomes or rare exposures, but data on important
variables may be insufficiently detailed to offer
adequate confounding adjustment.”® Furthermore, as
these secondary data sources rely on insurance
claims, billing codes, and prescription fills,
misclassification of the exposure, outcome, and
confounders can be problematic. Additionally, for
administrative cohorts in which eligibility is based on
employment status, duration of enrollment is often
short, limiting the examination of long-term outcomes.

FUTURE DIRECTIONS FOR STUDIES OF
MEDICATION USE IN PREGNANCY
Inclusion of Pregnant Women in Randomized
Clinical Trials

Although pregnant women have historically been
excluded from randomized clinical trials due to ethics-
related concerns, current thinking on this topic has
evolved. In a recent draft guideline, the US FDA
acknowledged that “development of
treatment options for the pregnant population is a
significant public health issue.”>® Some situations in
which the FDA suggests that including pregnant women
in a randomized clinical trial could be ethically
defensible include the case of postmarketing trials, in
which findings on efficacy cannot be extrapolated to
pregnant women or safety cannot be assessed by other
methods, provided that adequate nonclinical studies
have been completed, and safety is established in
nonpregnant women or preliminary safety-related data
on pregnant women exist.’® For preclinical studies, the
trial must hold a prospect of direct benefit to the
mother or fetus that would not be available outside of
the research setting.’® These recommendations are
highly specific to the context of each drug and disease,
but the larger point is that there are many situations in
which pregnant women can and should benefit from
participation in randomized clinical trials. A recent
report from the Task Force on Research Specific to
Pregnant or Lactating Women provides specific
recommendations on moving this initiative forward.?’

accessible

Further Development of Infrastructure and
Collaborations for Active Surveillance

Despite movement in the direction of including
pregnant women in randomized clinical trials, the bulk
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of studies of medication safety in pregnancy are still
likely to occur in the observational setting. Newer
studies of the safety of rarer drugs have taken a lesson
from international genetics consortia. A recent
initiative, the InPreSS consortium, has pooled
nationwide data from the Nordic countries (Norway,
Sweden, Denmark, Finland, and Iceland) with
Medicaid data in the United States to study the
association between stimulant medications and cardiac
malformations in infants.”® While increased risks were
noted in databases from individual countries, the small
sample size meant that confidence intervals were very
wide, making interpretation difficult. The combined
analysis separate
methylphenidate versus amphetamines, and found that

allowed  for models  of
methylphenidate but not amphetamines was associated
with an increased risk for cardiac malformations.’®
Smaller-scale initiatives have pooled data from only
the Nordic countries,”” or from public and private
payer systems in the United States, as in the
Medication Exposure in Pregnancy Risk Evaluation
Program (MEPREP), a multicenter study that includes
data from 1.2 million infants in 11 health plans within
9 states.'* To further improve the validity of its
studies, MEPREP linked the health plan data with
infants'  birth-certificate  files, which  provide
information not otherwise available in the health plan
data (eg, gestational age, parity). Using the MEPREP
data, researchers investigated the association between
trimethoprim/sulfonamide use during the first trimester
of pregnancy and the risk for congenital birth defects,
which was supported by chart review.”’ There have
also been efforts in developing more rapid surveillance
capabilities using electronic health data. For example,
the FDA-funded Sentinel System, which uses a
distributed data network of 17 health plans to monitor
the postmarketing safety of approved medical
products, is developing standardized analytic tools to
facilitate the investigation of emerging safety issues
related to medication use during pregnancy.”!

Examination of Long-term Outcomes

Many studies of medication safety in pregnancy have
focused on immediate pregnancy and birth outcomes,
such as preterm birth, stillbirth, and congenital
malformations. However, there is an increasing
recognition that prenatal medication exposure can
have profound effects on outcomes beyond
pregnancy and infancy. Several medications, including
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antidepressants*" and analgesic opioids,”* have been

independently associated with an increased risk for a
diagnosis of autism in offspring. Perhaps most
worrisome, acetaminophen, widely regarded as safe for
use during pregnancy, has been associated with
asthma®™ and neurodevelopmental problems in
children, vparticularly attention deficit/hyperactivity
disorder or related behaviors.”® For medications linked
to neurodevelopmental problems or delays in early
childhood, it is vital to determine whether this
association persists into adolescence or adulthood.

Use of Cutting-edge and Proven Methods for Bias
Control

Most studies of medication safety do some variation
on the following: look for evidence of an exposure (eg,
self-report or filling a prescription), and if that exposure
falls in the relevant window (eg, first trimester when
studying malformations), categorize the mother or fetus
as exposed. For short-term, 1-time exposures, such as to
antibiotics for a brief infection or opioids for an acute
injury, these methods produce satisfactory results.
However, many medications are used in far more
complicated ways during pregnancy,’® either with
sustained exposure or intermittent use that changes over
time, as we might expect to see with anticonvulsant
drugs or benzodiazepines, respectively. Failing to
account for timing of exposure or cumulative dose can
lead to bias from exposure misclassification. Some
studies have assessed time-varying exposures by
estimating trimester-specific effects of triptans on
neurodevelopment’” and acetaminophen on cerebral
palsy,”® using marginal structural models. Additional
methods such as group-based trajectory models*” and
k-means longitudinal cluster analysis® have been used
to identify groups of women with specific exposure
patterns. Future research should consider whether these
more complex methods are relevant for the questions
they are trying to answer.

Because studies of medication safety in pregnancy
rely primarily on observational data, confounding
bias is a paramount concern. Multiple methods
exist to address measured confounding, and in
pharmacoepidemiology, the propensity score method
is commonly used. Propensity scoring is a summary
score method that involves first fitting a model for
the treatment or exposure, deriving a predicted
probability of exposure conditional on measured
confounders from that model, and then using this

2472

probability, known as the propensity score, to
reduce confounding in the outcome model via
matching, weighting, stratification, or modeling.’!
Newer refinements of the basic propensity score
idea include high-dimensional propensity scores’”
and the use of machine learning for confounder
selection.””

The issue of unmeasured confounding is more
complex. One solution is to increase efforts to measure
important confounders, as in studies that link multiple
data sources together. For example, as discussed
earlier, MEPREP linked the health plan data with
infant birth certificate files to obtain important
variables not available in the health plan data (eg,
gestational age, parity).'* In another example, the
Stockholm youth cohort is an intergenerational record-
linkage study comprising all individuals under age 18
years living in Stockholm County, Sweden, between
2001 and 2011; the study was created using linked
data from multiple administrative, social, and health
care databases. Researchers used these data to study
the association between prenatal antidepressant
exposure and the risk for autism spectrum disorder in
offspring.”

Unmeasured confounding can also be addressed with
analytic or study-design tools. To the extent that they
capture some of the variance due to unmeasured
confounders using high-dimensional proxy data, high-
dimensional propensity scores may control unmeasured
confounding.”> Other methods include sibling-
comparison designs, in which siblings born to the same
mother but with different prenatal exposure histories
are compared with respect to their outcomes.”” Sibling-
comparison designs control for any confounding that is
stable over the pregnancies; thus, stable sources of
confounding such as genetics and maternal personality,
which are difficult to measure in large data sources, are
controlled by design. However, sibling-comparison
designs are particularly vulnerable to specific biases
from selection and carryover effects,’®’” and should be
used with careful attention paid to the confounding
structure.

Many studies of medication safety are carried out
only in full-term pregnancies or among only live
births, as most commonly used data sources have
limited capture of data from early pregnancy losses. If
the medication under study causes pregnancy loss, this
can result in substantial bias, known more generally
as selection bias. Huybrechts et al’’ carried out
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substantial sensitivity analyses in their study of
antidepressant exposure to determine the potential for
bias from conditioning on live birth, and found that
the effect of exposure on pregnancy loss would need
to be extremely strong to result in serious bias.
However, in a methodologic investigation, Liew
et al’® noted multiple conditions in which so-called
“live birth bias” can be much more problematic.
Researchers should carefully assess their research
question to determine whether selection bias from
conditioning on live birth is a serious threat to
validity. Quantitative bias analysis’”®" is relatively
straightforward with widely available tools, and
should be a standard component of any research
project.

Designing Studies that Aid in Risk-related
Communication

An unfortunate side effect of the focus on medication
safety is that the reason for taking the medication can
be forgotten. Confounding by indication occurs when
we attribute a poor outcome to a drug, when in fact it
is the reason for taking the drug that causes the poor
outcome. The recent focus in designing hypothetical
trials may provide an informative way forward:®!
where possible, studies should begin by selecting a
group of pregnant women who could plausibly have
received treatment. In particular, the treatment decision
design has been proposed as a pharmacoepidemiology
study design focused on clinical decision making.*” For
long-term medications such as antihypertensives,
antidepressants, or anticonvulsants, the relevant clinical
decision is often not whether drug treatment should be
initiated (the new-user design) but whether therapy
should be modified or discontinued during pregnancy.
The most important clinical question that
pharmacoepidemiology studies in pregnancy must try to
answer is, among women with this diagnosis, what is
the effect of this treatment versus alternatives?

CONCLUSIONS

For research on medication safety in pregnancy, there
are more data resources available than ever before.
With international collaborations, sharing of data,
and linkage of complementary databases—combined
with the development of advanced statistical tools to
analyze these data—we may increasingly be able to
quickly and accurately answer important questions
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about the effects of specific drugs, at specific times,
on specific outcomes.

ACKNOWLEDGMENTS
Research by Dr. Wood is funded by National Heart,
Lung, and Blood Institute grant T32 HL098048.
Research by Dr. Toh is partially funded by National
Institute of Biomedical Imaging and Bioengineering
grant UO1EB023683 and Agency for Healthcare
Research and Quality grant RO1HS026214.

All of the authors provided conceptualization and
writing, review, and editing of the manuscript.

DISCLOSURES

Dr. Andrade has received research grants from Pfizer
Inc and AbbVie Inc outside of the submitted work.
The authors have indicated that they have no
conflicts of interest with regard to the content of this
article.

REFERENCES

1. Dally A. Thalidomide: was the tragedy preventable? Lancet.
1998;351(9110):1197—1199. https://doi.org/10.1016/
S0140-6736(97)09038-7.

2. Vargesson N. Thalidomide-induced teratogenesis: history
and mechanisms. Birth Defects Res Part C Embryo Today Rev.
2015;105:140—156. https://doi.org/10.1002/bdrc.21096.

3. Wingfield M. The daughters of stilboestrol. BM].
1991;302(6790):1414—1415. https://doi.org/10.1136/
bmj.302.6790.1414.

4. Herbst AL, Ulfelder H, Poskanzer DC. Adenocarcinoma of
the vagina: association of maternal stilbestrol therapy with
tumor appearance in young women. N Engl | Med.
1971;284:878—881. https://doi.org/10.1056/
NEJM197107222850421.

5. Orme ML. The debendox saga. BMJ. 1985;291(6500):
918—919. https://doi.org/10.1136/bmj.291.6500.918.

6. Holmes LB. Teratogen update: bendectin. Teratology.
1983;27:277—281. https://doi.org/10.1002/
tera.1420270216.

7. Einarson TR, Leeder JS, Koren G. A method for meta-
analysis of epidemiological studies. Drug Intell Clin Pharm.
1988;22:813—824.

8. Marks TA. A retrospective appraisal of the ability of animal
tests to predict reproductive and developmental toxicity in
humans. J Am Coll Toxicol. 1991;10:569—584. https://
doi.org/10.3109/10915819109078653.

9. Lo WY, Friedman JM. Teratogenicity of recently introduced
medications in human pregnancy. Obstet Gynecol. 2002;100:
465—473.

2473


https://doi.org/10.1016/S0140-6736(97)09038-7
https://doi.org/10.1016/S0140-6736(97)09038-7
https://doi.org/10.1002/bdrc.21096
https://doi.org/10.1136/bmj.302.6790.1414
https://doi.org/10.1136/bmj.302.6790.1414
https://doi.org/10.1056/NEJM197107222850421
https://doi.org/10.1056/NEJM197107222850421
https://doi.org/10.1136/bmj.291.6500.918
https://doi.org/10.1002/tera.1420270216
https://doi.org/10.1002/tera.1420270216
http://refhub.elsevier.com/S0149-2918(19)30419-9/sref7
http://refhub.elsevier.com/S0149-2918(19)30419-9/sref7
http://refhub.elsevier.com/S0149-2918(19)30419-9/sref7
http://refhub.elsevier.com/S0149-2918(19)30419-9/sref7
https://doi.org/10.3109/10915819109078653
https://doi.org/10.3109/10915819109078653
http://refhub.elsevier.com/S0149-2918(19)30419-9/sref9
http://refhub.elsevier.com/S0149-2918(19)30419-9/sref9
http://refhub.elsevier.com/S0149-2918(19)30419-9/sref9
http://refhub.elsevier.com/S0149-2918(19)30419-9/sref9

Clinical Therapeutics

10.

11.

12.

13.

14.

15.

16.

17.

18.

Uppsala monitoring centre |
VigiBase. Available at: https://www.
who-umc.org/vigibase/vigibase.
Accessed May 1, 2019.

Schaefer C, Hannemann D,

Meister R. Post-marketing
surveillance system for drugs in
pregnancy—15 years experience of
ENTIS. Reprod Toxicol. 2005;20:331
—343. https://doi.org/10.1016/
j.reprotox.2005.03.012.

Yoon P, Rasmussen SA, Lynberg M,
et al. The national birth defects
prevention study. Public Heal Rep.
2001;116:32—40.

Magnus P, Irgens LM, Haug K,
Nystad W, Skjaerven R,

Stoltenberg C. Cohort profile: the
Norwegian mother and child cohort
study (MoBa). Int | Epidemiol.
2006;35:1146—1150. https://
doi.org/10.1093/ije/dyl170.
Andrade SE, Davis RL, Cheetham TC,
et al. Medication exposure in
pregnancy risk evaluation program.
Matern Child Health J. 2012;16:1349
—1654. https://doi.org/10.1016/
j.cgh.2008.07.016.

US Food and Drug Administration
(FDA). Questions and answers on
FDA's adverse event reporting system
(FAERS). Available at: https://www.
fda.gov/drugs/surveillance/fda-
adverse-event-reporting-system-faers.
Accessed May 1, 2019.

Vaccine adverse event reporting
system (VAERS). Available at:
https://vaers.hhs.gov. Accessed May
1, 2019.

Montastruc F, Salvo F, Arnaud M,
Bégaud B, Pariente A. Signal of
gastrointestinal congenital
malformations with antipsychotics
after minimising competition bias: a
disproportionality analysis using
data from Vigibase. Drug Saf.
2016;39:689—696. https://doi.org/
10.1007/540264-016-0413-1.

Felix RJ, Jones KL, Johnson KA,
McCloskey CA, Chambers CD.
Postmarketing surveillance for drug
safety in pregnancy: the organization
of Teratology Information Services

2474

19.

20.

21.

22.

23.

24,

25.

26.

project. Birth Defects Res Part A - Clin
Mol Teratol. 2004;70:944—947.
https://doi.org/10.1002/
bdra.20090.

Panchaud A, Rousson V, Vial T, et al.
Pregnancy outcomes in women on
metformin for diabetes or other
indications among those seeking
teratology information services. Br |
Clin Pharmacol. 2018;84:568—578.
https://doi.org/10.1111/bcp.13481.
Pregnancy health interview study.
Available at: http://www.bu.edu/
slone/research/studies/phis/.
Accessed May 1, 2019.
Hernandez-Diaz S, Werler MM,
Walker AM, Mitchell AA. Folic acid
antagonists during pregnancy and
the risk of birth defects. N Engl | Med.
2000;343:1608—1614.

Alwan S, Reefhuis J, Rasmussen SA,
et al. Use of selective serotonin-
reuptake inhibitors in pregnancy and
the risk of birth defects. N Engl j Med.
2007;356:2684—2692. hetps://
doi.org/10.1056/NEJM0a066584.
Friend S, Richman S, Bloomgren G,
Cristiano LM, Wenten M. Evaluation
of pregnancy outcomes from the
Tysabri (natalizumab) pregnancy
exposure registry: a global,
observational, follow-up study. BMC
Neurol. 2016;16:1—9. https://
doi.org/10.1186/s12883-016-0674-
4.

Olsen J, Melbye M, Olsen SF, et al.
The Danish National Birth
Cohort—its background, structure
and aim. Scand J Public Health.
2001;29:300—307. https://doi.org/
10.1177/14034948010290040201.
Tollanes MC, Strandberg-Larsen K,
Forthun I, et al. Cohort profile:
cerebral palsy in the Norwegian and
Danish birth cohorts (MOBAND-
CP). BMJ Open. 2016;6:1—5. https://
doi.org/10.1136/bmjopen-2016-
012777.

Ystrom E, Gustavson K,
Brandlistuen RE, et al. Prenatal
exposure to acetaminophen and risk
of ADHD. Pediatrics. 2017;140,

27.

28.

29.

30.

31.

32.

33.

e20163840. https://doi.org/
10.1542/peds.2016-3840.

Lupattelli A, Wood M, Ystrom E,
Skurtveit S, Handal M, Nordeng H.
Effect of time-dependent selective
serotonin reuptake inhibitor
antidepressants during pregnancy on
behavioral, emotional, and social
development in preschool-aged
children. J Am Acad Child Adolesc
Psychiatry. 2018;57:200—208.
https://doi.org/10.1016/
jjaac.2017.12.010.

Andrade SE, Bérard A, Nordeng HM,
Wood ME, van Gelder MM, Toh S.
Administrative claims data versus
augmented pregnancy data for the
study of pharmaceutical treatments
in pregnancy. Curr Epidemiol Rep.
2017;4:106—116. https://doi.org/
10.1007/s40471-017-0104-1.
Huybrechts KF, Palmsten K, Avorn J,
et al. Antidepressant use in
pregnancy and the risk of cardiac
defects. N Engl ] Med. 2014;370:2397
—2407. https://doi.org/10.1056/
NEJMoa1312828.

Haberg SE, Trogstad L, Gunnes N,
et al. Risk of fetal death after
pandemic influenza virus infection or
vaccination. Obstet Gynecol Surv.
2013;68:348—349. https://doi.org/
10.1097/
01.0gx.0000430377.29993.2b.
Alvarez-Requejo A, Carvajal A,
Bégaud B, Moride Y, Vega T,

Arias LH. Under-reporting of adverse
drug reactions. Estimate based on a
spontaneous reporting scheme and a
sentinel system. Eur J Clin Pharmacol.
1998;54:483—488.

Chambers C. The role of teratology
information services in screening for
teratogenic exposures: challenges
and opportunities. Am | Med Genet C
Semin Med Genet. 2011;157C:195
—200. https://doi.org/10.1002/
ajmg.c.30303.

Werler MM, Pober BR, Nelson K,
Holmes LB. Reporting accuracy
among mothers of malformed and
nonmalformed infants. Am J
Epidemiol. 1989;129:415—421.

Volume 41 Number 12


https://www.who-umc.org/vigibase/vigibase
https://www.who-umc.org/vigibase/vigibase
https://doi.org/10.1016/j.reprotox.2005.03.012
https://doi.org/10.1016/j.reprotox.2005.03.012
http://refhub.elsevier.com/S0149-2918(19)30419-9/sref12
http://refhub.elsevier.com/S0149-2918(19)30419-9/sref12
http://refhub.elsevier.com/S0149-2918(19)30419-9/sref12
http://refhub.elsevier.com/S0149-2918(19)30419-9/sref12
http://refhub.elsevier.com/S0149-2918(19)30419-9/sref12
https://doi.org/10.1093/ije/dyl170
https://doi.org/10.1093/ije/dyl170
https://doi.org/10.1016/j.cgh.2008.07.016
https://doi.org/10.1016/j.cgh.2008.07.016
https://www.fda.gov/drugs/surveillance/fda-adverse-event-reporting-system-faers
https://www.fda.gov/drugs/surveillance/fda-adverse-event-reporting-system-faers
https://www.fda.gov/drugs/surveillance/fda-adverse-event-reporting-system-faers
https://vaers.hhs.gov
https://doi.org/10.1007/s40264-016-0413-1
https://doi.org/10.1007/s40264-016-0413-1
https://doi.org/10.1002/bdra.20090
https://doi.org/10.1002/bdra.20090
https://doi.org/10.1111/bcp.13481
http://www.bu.edu/slone/research/studies/phis/
http://www.bu.edu/slone/research/studies/phis/
http://refhub.elsevier.com/S0149-2918(19)30419-9/sref21
http://refhub.elsevier.com/S0149-2918(19)30419-9/sref21
http://refhub.elsevier.com/S0149-2918(19)30419-9/sref21
http://refhub.elsevier.com/S0149-2918(19)30419-9/sref21
http://refhub.elsevier.com/S0149-2918(19)30419-9/sref21
http://refhub.elsevier.com/S0149-2918(19)30419-9/sref21
https://doi.org/10.1056/NEJMoa066584
https://doi.org/10.1056/NEJMoa066584
https://doi.org/10.1186/s12883-016-0674-4
https://doi.org/10.1186/s12883-016-0674-4
https://doi.org/10.1186/s12883-016-0674-4
https://doi.org/10.1177/14034948010290040201
https://doi.org/10.1177/14034948010290040201
https://doi.org/10.1136/bmjopen-2016-012777
https://doi.org/10.1136/bmjopen-2016-012777
https://doi.org/10.1136/bmjopen-2016-012777
https://doi.org/10.1542/peds.2016-3840
https://doi.org/10.1542/peds.2016-3840
https://doi.org/10.1016/j.jaac.2017.12.010
https://doi.org/10.1016/j.jaac.2017.12.010
https://doi.org/10.1007/s40471-017-0104-1
https://doi.org/10.1007/s40471-017-0104-1
https://doi.org/10.1056/NEJMoa1312828
https://doi.org/10.1056/NEJMoa1312828
https://doi.org/10.1097/01.ogx.0000430377.29993.2b
https://doi.org/10.1097/01.ogx.0000430377.29993.2b
https://doi.org/10.1097/01.ogx.0000430377.29993.2b
http://refhub.elsevier.com/S0149-2918(19)30419-9/sref31
http://refhub.elsevier.com/S0149-2918(19)30419-9/sref31
http://refhub.elsevier.com/S0149-2918(19)30419-9/sref31
http://refhub.elsevier.com/S0149-2918(19)30419-9/sref31
http://refhub.elsevier.com/S0149-2918(19)30419-9/sref31
http://refhub.elsevier.com/S0149-2918(19)30419-9/sref31
http://refhub.elsevier.com/S0149-2918(19)30419-9/sref31
http://refhub.elsevier.com/S0149-2918(19)30419-9/sref31
http://refhub.elsevier.com/S0149-2918(19)30419-9/sref31
https://doi.org/10.1002/ajmg.c.30303
https://doi.org/10.1002/ajmg.c.30303

34.

35.

36.

37.

38.

39.

40.

https://doi.org/10.1093/
oxfordjournals.aje.a115145.

Bird ST, Gelperin K, Taylor L, et al.
Enrollment and retention in 34
United States pregnancy registries
contrasted with the manufacturer's
capture of spontaneous reports for
exposed pregnancies. Drug Saf.
2018;41:87—94. https://doi.org/
10.1007/s40264-017-0591-5.
Langhoff-Roos J, Krebs L,

Klungsgyr K, et al. The Nordic
medical birth registers—a potential
goldmine for clinical research. Acta
Obstet Gynecol Scand. 2014;93:132
—137. https://doi.org/10.1111/
aogs.12302.

US Food and Drug Administration.
Pregnant Women: Scientific and Ethical
Considerations for Inclusion in Clinical Trials
Guidance for Industry; 2018. Available at:
https://www.fda.gov/Drugs/
GuidanceComplianceRegulatory
Information/Guidances/default.htm
%0Ahttp://www.fda.gov/Biologics
BloodVaccines/GuidanceCompliance
Regulatorylnformation/Guidances/
default.htm. Accessed May 29, 2019.
Task Force on research specific to
pregnant women (PRGLAC).
Available at: https://www.nichd.nih.
gov/About/Advisory/PRGLAC; 2018.
Accessed May 28, 2019.

Huybrechts KF, Broms G,
Christensen LB, et al. Association
between methylphenidate and
amphetamine use in pregnancy and
risk of congenital malformations.
JAMA Psychiatry. 2018;75:167.
https://doi.org/10.1001/
jamapsychiatry.2017.3644.

Broms G, Haerskjold A, Granath F,
Kieler H, Pedersen L, Berglind IA.
Effect of maternal psoriasis on
pregnancy and birth outcomes: a
population-based cohort study from
Denmark and Sweden. Acta Derm
Venereol. 2018;98:728—734. https://
doi.org/10.2340/00015555-2923.
Hansen C, Andrade SE, Freiman H,
et al. Trimethoprim-sulfonamide use
during the first trimester of
pregnancy and the risk of congenital

December 2019

41.

43.

44,

45.

46.

anomalies. Pharmacoepidemiol Drug
Saf. 2016;25:170—178. https://
doi.org/10.1002/pds.3919.
Andrade SE, Toh S, Houstoun M,
et al. Surveillance of medication use
during pregnancy in the Mini-Sentinel
Program. Matern Child Health J.
2016;20:895—903. https://doi.org/
10.1007/s10995-015-1878-8.

. Rai D, Lee BK, Dalman C, Golding J,

Lewis G, Magnusson C. Parental
depression, maternal antidepressant
use during pregnancy, and risk of
autism spectrum disorders:
population based case-control study.
Br Med J. 2013;346:f2059. https://
doi.org/10.1136/bm|.f2059. f2059.
El Marroun H, Jaddoe VW,
Hudziak JJ, et al. Maternal use of
selective serotonin reuptake
inhibitors, fetal growth, and risk of
adverse birth outcomes. Arch Gen
Psychiatry. 2012;69:706—714.
https://doi.org/10.1001/
archgenpsychiatry.2011.2333.
Rubenstein E, Young JC, Croen LA,
et al. Brief report: maternal opioid
prescription from preconception
through pregnancy and the odds of
autism spectrum disorder and autism
features in children. J Autism Dev
Disord. 2019;49:376—382. https://
doi.org/10.1007/s10803-018-3721-
8.

Magnus MC, Karlstad @, Haberg SE,
Nafstad P, Davey Smith G,

Nystad W. Prenatal and infant
paracetamol exposure and
development of asthma: the
Norwegian Mother and Child Cohort
Study. Int | Epidemiol. 2016;45:512
—522. https://doi.org/10.1093/ije/
dyv366.

Grzeskowiak LE, Gilbert AL,
Morrison JL. Exposed or not
exposed? Exploring exposure
classification in studies using
administrative data to investigate
outcomes following medication use
during pregnancy. Eur J Clin
Pharmacol. 2012;68:459—467.
https://doi.org/10.1007/s00228-
011-1154-9.

47.

48.

49.

50.

51.

52.

53.

M.E. Wood et al.

Wood ME, Lapane K, Frazier JA,
Ystrom E, Mick EO, Nordeng H.
Prenatal triptan exposure and
internalising and externalising
behaviour problems in 3-year-old
children: results from the Norwegian
Mother and Child Cohort Study.
Paediatr Perinat Epidemiol. 2016;30(2).
https://doi.org/10.1111/ppe.12253.
Petersen TG, Liew Z, Andersen AM,
et al. Use of paracetamol, ibuprofen
or aspirin in pregnancy and risk of
cerebral palsy in the child. Int J
Epidemiol. 2018;47:121—130.
https://doi.org/10.1093/ije/dyx235.
Frank AS, Lupattelli A, Matteson DS,
Nordeng H. Maternal use of thyroid
hormone replacement therapy
before, during, and after pregnancy:
agreement between self-report and
prescription records and group-
based trajectory modeling of
prescription patterns. Clin Epidemiol.
2018;10:1801—1816. https://
doi.org/10.2147/CLEP.S175616.
Bandoli G, Kuo GM, Sugathan R,
Chambers CD, Rolland M,
Palmsten K. Longitudinal trajectories
of antidepressant use in pregnancy
and the postnatal period. Arch
Womens Ment Health. 2018;21:411
—419. https://doi.org/10.1007/
s00737-018-0809-2.

Brookhart MA, Wyss R, Layton JB,
Stiirmer T. Propensity score methods
for confounding control in
nonexperimental research. Circ
Cardiovasc Qual Outcomes. 2013;6:604
—611. https://doi.org/10.1161/
CIRCOUTCOMES.113.000359.
Schneeweiss S, Rassen JA, Glynn RJ,
Avorn J, Mogun H, Brookhart MA.
High-dimensional propensity score
adjustment in studies of treatment
effects using health care claims data.
Epidemiology. 2009;20:512—522.
https://doi.org/10.1097/
EDE.Ob013e3181a663cc.

Karim ME, Pang M, Platt RW. Can
we train machine learning methods
to outperform the high-dimensional
propensity score algorithm?
Epidemiology. 2018;29:191—198.

2475


https://doi.org/10.1093/oxfordjournals.aje.a115145
https://doi.org/10.1093/oxfordjournals.aje.a115145
https://doi.org/10.1007/s40264-017-0591-5
https://doi.org/10.1007/s40264-017-0591-5
https://doi.org/10.1111/aogs.12302
https://doi.org/10.1111/aogs.12302
https://www.fda.gov/Drugs/GuidanceComplianceRegulatoryInformation/Guidances/default.htm%0Ahttp://www.fda.gov/BiologicsBloodVaccines/GuidanceComplianceRegulatoryInformation/Guidances/default.htm
https://www.fda.gov/Drugs/GuidanceComplianceRegulatoryInformation/Guidances/default.htm%0Ahttp://www.fda.gov/BiologicsBloodVaccines/GuidanceComplianceRegulatoryInformation/Guidances/default.htm
https://www.fda.gov/Drugs/GuidanceComplianceRegulatoryInformation/Guidances/default.htm%0Ahttp://www.fda.gov/BiologicsBloodVaccines/GuidanceComplianceRegulatoryInformation/Guidances/default.htm
https://www.fda.gov/Drugs/GuidanceComplianceRegulatoryInformation/Guidances/default.htm%0Ahttp://www.fda.gov/BiologicsBloodVaccines/GuidanceComplianceRegulatoryInformation/Guidances/default.htm
https://www.fda.gov/Drugs/GuidanceComplianceRegulatoryInformation/Guidances/default.htm%0Ahttp://www.fda.gov/BiologicsBloodVaccines/GuidanceComplianceRegulatoryInformation/Guidances/default.htm
https://www.fda.gov/Drugs/GuidanceComplianceRegulatoryInformation/Guidances/default.htm%0Ahttp://www.fda.gov/BiologicsBloodVaccines/GuidanceComplianceRegulatoryInformation/Guidances/default.htm
https://www.fda.gov/Drugs/GuidanceComplianceRegulatoryInformation/Guidances/default.htm%0Ahttp://www.fda.gov/BiologicsBloodVaccines/GuidanceComplianceRegulatoryInformation/Guidances/default.htm
https://www.nichd.nih.gov/About/Advisory/PRGLAC
https://www.nichd.nih.gov/About/Advisory/PRGLAC
https://doi.org/10.1001/jamapsychiatry.2017.3644
https://doi.org/10.1001/jamapsychiatry.2017.3644
https://doi.org/10.2340/00015555-2923
https://doi.org/10.2340/00015555-2923
https://doi.org/10.1002/pds.3919
https://doi.org/10.1002/pds.3919
https://doi.org/10.1007/s10995-015-1878-8
https://doi.org/10.1007/s10995-015-1878-8
https://doi.org/10.1136/bmj.f2059
https://doi.org/10.1136/bmj.f2059
https://doi.org/10.1001/archgenpsychiatry.2011.2333
https://doi.org/10.1001/archgenpsychiatry.2011.2333
https://doi.org/10.1007/s10803-018-3721-8
https://doi.org/10.1007/s10803-018-3721-8
https://doi.org/10.1007/s10803-018-3721-8
https://doi.org/10.1093/ije/dyv366
https://doi.org/10.1093/ije/dyv366
https://doi.org/10.1007/s00228-011-1154-9
https://doi.org/10.1007/s00228-011-1154-9
https://doi.org/10.1111/ppe.12253
https://doi.org/10.1093/ije/dyx235
https://doi.org/10.2147/CLEP.S175616
https://doi.org/10.2147/CLEP.S175616
https://doi.org/10.1007/s00737-018-0809-2
https://doi.org/10.1007/s00737-018-0809-2
https://doi.org/10.1161/CIRCOUTCOMES.113.000359
https://doi.org/10.1161/CIRCOUTCOMES.113.000359
https://doi.org/10.1097/EDE.0b013e3181a663cc
https://doi.org/10.1097/EDE.0b013e3181a663cc

Clinical Therapeutics

54.

55.

56.

57.

58.

59.

60.

61.

https://doi.org/10.1097/
EDE.0000000000000787.

Rai D, Lee BK, Dalman C,
Newschaffer C, Lewis G,

Magnusson C. Antidepressants
during pregnancy and autism in
offspring: population based cohort
study. BMJ. 2017;358:j2811. https://
doi.org/10.1136/bm;j.j2811.

Keyes KM, Smith GD, Susser E. On
sibling designs. Epidemiology.
2013;24:473—474. https://doi.org/
10.1097/EDE.Ob013e31828c7381.
Frisell T, f)berg S, Kuja-Halkola R,
Sjolander A. Sibling comparison
designs: bias from non-shared
confounders and measurement error.
Epidemiology. 2012;23:713—720.
https://doi.org/10.1097/
EDE.Ob013e31825fa230.

Sjolander A, Frisell T, Kuja-

Halkola R, Oberg S, Zetterqvist J.
Carryover effects in sibling
comparison designs. Epidemiology.
2016;27:852—858. https://doi.org/
10.1097/EDE.0000000000000541.
Liew Z, Olsen J, Cui X, Ritz B,

Arah OA. Bias from conditioning on
live birth in pregnancy cohorts: an
illustration based on
neurodevelopment in children after
prenatal exposure to organic
pollutants. Int | Epidemiol. 2015;44:
345—354. https://doi.org/10.1093/
ije/dyu249.

Lash TL, Fox MP, Maclehose RF,
Maldonado G, McCandless LC,
Greenland S. Good practices for
quantitative bias analysis. Int J
Epidemiol. 2014;43:1969—1985.
https://doi.org/10.1093/ije/dyu149.
Ding P, VanderWeele T]. Sensitivity
analysis without assumptions.
Epidemiology. 2016;27:368—377.
https://doi.org/10.1097/
eDe.0000000000000457.

Herndan MA, Robins JM. Using big
data to emulate a target trial when a
randomized trial is not available. Am

2476

J Epidemiol. 2016;183:758—764.
https://doi.org/10.1093/aje/
kwv254.

62. Brookhart MA. Counterpoint: the
treatment decision design. Am J
Epidemiol. 2015;182:840—845.
https://doi.org/10.1093/aje/
kwv214.

Address correspondence to: Mollie E. Wood, Harvard T.H. Chan School of
Public Health, Department of Epidemiology, Boston, MA 02115, USA. E-

mail: mollie.wood@gmail.com

Volume 41 Number 12


https://doi.org/10.1097/EDE.0000000000000787
https://doi.org/10.1097/EDE.0000000000000787
https://doi.org/10.1136/bmj.j2811
https://doi.org/10.1136/bmj.j2811
https://doi.org/10.1097/EDE.0b013e31828c7381
https://doi.org/10.1097/EDE.0b013e31828c7381
https://doi.org/10.1097/EDE.0b013e31825fa230
https://doi.org/10.1097/EDE.0b013e31825fa230
https://doi.org/10.1097/EDE.0000000000000541
https://doi.org/10.1097/EDE.0000000000000541
https://doi.org/10.1093/ije/dyu249
https://doi.org/10.1093/ije/dyu249
https://doi.org/10.1093/ije/dyu149
https://doi.org/10.1097/eDe.0000000000000457
https://doi.org/10.1097/eDe.0000000000000457
https://doi.org/10.1093/aje/kwv254
https://doi.org/10.1093/aje/kwv254
https://doi.org/10.1093/aje/kwv214
https://doi.org/10.1093/aje/kwv214
mailto:mollie.wood@gmail.com

	Safe Expectations: Current State and Future Directions for Medication Safety in Pregnancy Research
	Introduction
	Data Sources Used in Modern Postmarketing Research of Medication Safety in Pregnancy
	Spontaneous Reporting and Individual Case Safety Reports

	Data Gathered for the Purpose of Surveillance or Research
	Case–control Studies of Birth Defects
	Pregnancy Exposure Registries
	Birth Cohort Studies
	Existing Data Repurposed for Research
	Limitations of Existing Data Sources for Research of Medication Safety in Pregnancy

	Future Directions for Studies of Medication Use in Pregnancy
	Inclusion of Pregnant Women in Randomized Clinical Trials
	Further Development of Infrastructure and Collaborations for Active Surveillance
	Examination of Long-term Outcomes
	Use of Cutting-edge and Proven Methods for Bias Control
	Designing Studies that Aid in Risk-related Communication

	Conclusions
	Acknowledgments
	Disclosures
	References


