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a  b  s  t  r  a  c  t

Over  the past  two  decades,  findings  on  medication  use  during  pregnancy  have  been  accumulating  from
observational  data. Generally,  field  studies  with  prospective  recruitment  of  subjects  have  better  out-
come  ascertainment,  and  more  control  on  the  longitudinal  collection  of  data,  but  have  lower  sample
sizes  and thus  they  often  lack statistical  power  to  detect  increased  risks  for  rare  events  such  as  major
congenital  malformations.  In  addition,  given  the  rarity of specific  drug  exposures  in  a population,  even
relatively  common  outcomes,  such  as low  birth  weight,  may  become  rare  in  combination  with  the  spe-
cific  exposure.  On  the  other hand,  administrative  databases  usually  provide  larger  samples  and  thus
increased  statistical  power,  decrease  the  probability  of  selection  and  recall  bias,  but  often  have  missing
data on  potential  confounders.  Hence,  debate  amongst  researchers,  regulators  and  public  health  officials
has been  ongoing  with  regard to  the most  appropriate  study populations  for  perinatal  epidemiologic
research.  With  this  commentary,  we  aim  to highlight  the  importance  of  both  study  populations,  which
can  make  complementary  and  crucial  contributions  to  the  iterative  determination  of  causality  as  well as
discuss  basic  epidemiologic  principles  that  need  to  be applied  in  the  field  of  perinatal  pharmacoepidemi-
ology  for  the  purpose  of causality  assessment.  This  is  relevant  at present  given  that  the  United  States
Food  and  Drug Administration  (US  FDA)  has modified  their  medication  label  requirements,  especially
given  the international  importance  of  these  modifications.

© 2016 Elsevier  Inc.  All  rights  reserved.

1. Brief report/commentary

Evidence suggests that approximately 75% of women  take at
least one medication during pregnancy [1]. Given the lack of clini-
cal trial data supporting treatments that are provided in pregnancy,
medical care during this period is often less evidence-based than
care provided to non-pregnant women or to men. Given the lack of
randomized studies of medication safety with pregnant women,
observational research is currently the best way  to close this
important knowledge gap. Both field studies with prospective sub-
ject recruitment and administrative (claims) database studies are
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observational but controversy exists on which should be preferred
to collect valid data regarding pregnancy exposures and outcomes.

Until recently, field study designs were the main method uti-
lized to study medications in pregnancy. Pregnant women  using
medications were recruited in obstetrical or hospital settings, and
followed until the end of pregnancy to assess outcomes such as
spontaneous or planned abortions, congenital malformations, pre-
maturity, or low birth weight (LBW). The prevalence of adverse
pregnancy outcomes was compared to that of pregnant women not
using medications or to pregnant women with the same underly-
ing disease who were not using medications. Given the difficulty
of recruiting human subjects in general, and of identifying preg-
nant women  taking a specific medication in particular, it became
clear that a better framework was needed [2], and thus recruit-
ment from teratology information services (TIS) was initiated. TISs
provide telephone counseling to pregnant and lactating women, as
well as to women  planning to conceive, on the risks and benefits of
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medication treatment. Recruitment via TISs increased subject flow
and provided appropriate comparison groups. On the other hand,
it has been shown that women calling TISs are of higher socio-
economic status (SES) than the general population [3], which can
lead to selection bias and limit generalizability. Although recruit-
ment rates were higher, studies often continued to have small
sample sizes, which led to lack of statistical power for the major-
ity of medications studied. Indeed, few drugs are associated with
adverse reproductive event rates on the order of thalidomide or
isotretinoin, which increased the risk of major congenital malfor-
mations by a factor of 10 (from baseline risk of 3% to 30%) [4,5]. To
detect statistically significant associations for common suspected
teratogens, it became clear that studies with much larger sample
sizes were needed. Therefore, recently, an increasing number of
large administrative (claims) population-based cohorts and preg-
nancy registries or case-control studies have been built and used
for the study of the risks and benefits of medication use during
pregnancy [5–9]. Given their increased sample sizes and statistical
power, these studies have been able in some cases to show statis-
tically significant associations for adverse pregnancy outcomes for
drugs that had not been identified as teratogens or feto-toxic in the
past such as valproic acid or selective serotonin reuptake inhibitors
for example [10]. This has led to controversies among experts and
confusion amongst prescribers and women.

Antidepressants are an example of this phenomenon. Antide-
pressants, specifically SSRIs, represent one example of a widely
prescribed class of medications used in pregnant or potentially
pregnant women for which data became available relatively soon
after the first drug in this class was marketed 25 years ago. Although
a few small studies published in the 1990s suggested an overall
increased risk for adverse pregnancy outcomes with exposure to
these medications [11,12], sample sizes were often insufficient to
rule out increased risks for even the more commonly occurring spe-
cific birth defects, such as heart defects, neural tube defects and
oral clefts. More recently, some claims database and case-control
studies with larger sample sizes have suggested an approximate
doubling of the risk for heart defects and other congenital mal-
formations with first trimester exposure to SSRIs [5,6,9,13–17].
Although they showed elevated risk, they were not all statistically
significant. In these instances, absence of statistical significance
should not be mistaken for absence of effect. Indeed, the sample
size required to obtain and odds ratio (ORs) of 2, knowing that the
prevalence of heart defects in the general population is approxi-
mately 1% [18] and of antidepressant exposure during pregnancy
is around 6–7% [19] (with a significance level of 5% and a statistical
power of 80%), is 17,500 subjects (out of which 1200 are exposed
to antidepressants); using the same pre-defined criteria, 78,830
subjects (out of which 6017 are exposed to antidepressants) are
required to study neural tube defects (population prevalence of
0.2% [18]). Hence, large claims databases have large sample sizes
but can remain underpowered for very rare events when look-
ing at specific medication exposure. Finally, large claims databases
often lack information on potentially important confounders such
as whether the women actually took the medication, folic acid use,
smoking and alcohol use, and maternal stress, which could result
in residual confounding.

Field studies and database studies both have advantages and
limitations in our assessment of causation, and complement each
other. Indeed, field studies with recruitment in TISs or in hospital
or community settings have the advantage of potentially collecting
information on known risk factors for adverse pregnancy outcomes
such as maternal body mass index, folic acid intake, lifestyles such
as smoking and alcohol use as well as information on severity of
underlying disease and comorbidities, which are all important vari-
ables that are often missing in claims databases. They also have
the advantage of being able to have standardized dysmorphology

evaluations of the child or other validated measures of major con-
genital malformations, which are essential to identify patterns of
malformations. However, they often lack statistical power which
increases the likelihood of non-statistically significant associations,
they often have incomplete information on dosage and timing of
medication exposure during pregnancy, suffer from exposure mis-
classification (recall bias) when exposure assessment is reported by
the mother at the end of pregnancy, and they are not population-
based and thus not readily generalizable. Data collection related to
behaviors perceived as sensitive or illegal (elective termination of
pregnancy, alcohol, tobacco or drug use in pregnancy) might also
be underreported during interviews or medical encounters.

Administrative database studies have large sample sizes, hence
increased statistical power, are able to study medication class and
type effects as well as dose-response effect, can assess timing of
medication filling during pregnancy, and are often population-
based which decreases selection bias. Although compliance and
non-adherence can be difficult to assess [20], some have reported
high validity of data on prescription fillings to quantify medica-
tion use during pregnancy [21]. The validity of data on adverse
pregnancy outcomes has also been reported [22–24]. However,
claims databases often have missing information on potential con-
founders, and only provide information on prescribed medication
use as well as over-the-counter medication use when prescribed by
the treating physician. Although data on clinical measures such as
serum levels are missing, studies have shown that pregnant women
usually maintain or decrease their pre-pregnancy dosage during
gestation [19]. It also remains that the ability to detect a statis-
tically significant association depends on the number of exposed
cases, and thus can be limited in administrative database studies of
rare events such as major congenital malformations, which is also
true in prospective studies.

A limitation both study types suffer from is left truncation [25]
with the calculation of miscarriage prevalence. When assessing the
prevalence of miscarriage, usually only clinically detected preva-
lences are displayed. These prevalences might be biased. Indeed,
the subjects that can be observed in a study exclude those women
who already had the event, i.e., the spontaneous abortion due to
delayed study entry. Data from TIS are affected by this kind of bias
as women  might call in for information only later in pregnancy.
Although pregnant women  usually see their health care providers
at the end of their first trimester of pregnancy on average, all
data collection, especially on medication use, are assessed prospec-
tively as part of usual managed care in claims databases. Therefore,
studies using claims databases are minimally affected but only con-
sider clinically detected spontaneous abortions. Ideally, databases
should include women  at an earlier stage in pregnancy because
they are recorded as soon as they have any diagnosis related to
pregnancy, which also includes diagnoses related to early sponta-
neous abortion. Nevertheless, unless databases follow all women
from pre-conception, left truncation still plays a role [26].

Field and administrative database studies are complementary.
Both are sources of data on which inclusion and exclusion crite-
ria are applied to generate study populations. In order to better
understand the evidence, general epidemiologic principles have to
be applied to the field of perinatal pharmacoepidemiology. Indeed,
given the observational nature of studies we  rely on to quantify
the risk of medication exposure during the gestational period, a
number of methodological issues need to be addressed in order to
weight each study results.

1.1. Study design

Randomized controlled trials (RCTs) are experimental designs.
Epidemiology study designs include cohort studies, case-control
studies, and case series reports; pregnancy registries, and
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