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STUDY QUESTION: Are women who fill a benzodiazepine prescription before conception at increased risk of ectopic pregnancy?

SUMMARY ANSWER: Risk of ectopic pregnancy is 50% higher among women who fill a benzodiazepine prescription before conception.

WHAT IS KNOWN ALREADY: Benzodiazepine use in pregnancy increases the risk of miscarriage, adverse birth outcomes and adverse
child development outcomes.

STUDY DESIGN, SIZE, DURATION: Using data from US commercial insurance claims, we performed a cohort study of 1 691 366
pregnancies between 1 November 2008 and 30 September 2015.

PARTICIPANTS/MATERIALS, SETTING, METHODS: We identified ectopic pregnancies using diagnosis and procedure codes and used
unadjusted and inverse probability of treatment (IPT)-weighted log-binomial models to calculate relative risks (RR) of ectopic pregnancy for
pregnant women who did and did not fill any prescriptions for benzodiazepines in the 90 days before conception. Two sub-groups of women
with specific indications for benzodiazepine use were also examined—women who had a least one diagnosis for anxiety disorder and women
who had at least one diagnosis of insomnia in the year before conception.

MAIN RESULTS AND THE ROLE OF CHANCE: Of the 1 691 366 pregnancies, 1.06% filled at least two benzodiazepine prescriptions
totaling at least 10 days supply in the 90 days before conception. Among women with a benzodiazepine prescription, there was an excess
of 80 ectopic pregnancies per 10 000 pregnancies, and their IPT-weighted risk of ectopic pregnancies was 1.47 (95% CI 1.32 to 1.63) times
greater relative to women without benzodiazepine prescriptions before conception. The IPT-weighted RR between ectopic pregnancy and
benzodiazepine use was 1.34 (95% CI 1.18 to 1.53) among women with anxiety disorder diagnoses and 1.28 (95% CI 0.99 to 1.68) among
women with an insomnia diagnosis.

LIMITATIONS, REASONS FOR CAUTION: We relied on outpatient prescription data to identify benzodiazepine use before conception,
which could result in over- or under-estimation of actual benzodiazepine consumption. We relied on medical claim codes to identify pregnancies
and conception date, which may result in misclassification of pregnancy outcomes and gestational length.

WIDER IMPLICATIONS OF THE FINDINGS: This study found that women who have a benzodiazepine prescription before conception
are at an increased risk of ectopic pregnancy. This information can help women, and their healthcare providers make more fully informed
decisions about benzodiazepine use in their reproductive years.
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Introduction
Ectopic pregnancy occurs in 1 to 2% of the approximately 6.3
million recognized pregnancies in the USA every year, resulting in
up to 126 000 ectopic pregnancies annually (Hoover et al., 2010;
Curtin et al., 2013). Ectopic pregnancy is responsible for 6–13% of
all pregnancy-related deaths, and hemorrhage from ectopic pregnancy
is the leading cause of pregnancy-related death in the first trimester
(Chang et al., 2003; Creanga et al., 2011). Additionally, around 11% of
ectopic pregnancies result in serious complications, such as blood
transfusion and sterilization (Stulberg et al., 2016). Most ectopic
pregnancy implantations (>98%) occur in the fallopian tube; this occurs
when changes to the tubal environment impair embryo-tubal transport
(including smooth muscle contraction and ciliary beating) resulting in
early implantation (Halbert et al., 1976; Walker, 2007; Shaw et al.,
2010). Although several risk factors for ectopic pregnancy have been
identified, such as pelvic infections, use of reproductive technology,
intrauterine devices, smoking and increased age, approximately half of
women who have an ectopic pregnancy do not have any known risk
factors (Kamwendo et al., 2000; Bouyer 2003; Backman et al., 2004;
Barnhart et al., 2006; Li et al., 2015; Du et al., 2017; Mikhail et al.,
2018). A potential but unstudied risk factor for ectopic pregnancy
is benzodiazepine use. Benzodiazepine use could affect muscle
contraction in the fallopian tube through two mechanisms—through
the central relaxation of smooth muscle and the direct effect on GABA
receptors in the fallopian tube (French et al., 1989; László et al., 1989).

Benzodiazepine use has increased substantially in the USA in the
past few decades and is commonly prescribed for indications such
as anxiety disorder, insomnia, acute alcohol withdrawal and seizures
(Lembke et al., 2018). Based on national data from 2008 in the USA,
∼3.6% of women between ages 18 and 35 years had a prescription for
benzodiazepine in a 1-year period (Olfson et al., 2015). While the use
of benzodiazepines during pregnancy has been found to be associated
with miscarriage, adverse birth outcomes and child development out-
comes (Kieviet et al., 2013; Yonkers et al., 2017; Sheehy et al., 2019), it
is unknown whether their use affects ectopic pregnancy. We conducted
a cohort study using a large national database of privately insured
women in the USA to assess whether women who are prescribed
benzodiazepines before conception are at increased risk of ectopic
pregnancy.

Materials and Methods
We conducted a cohort study of pregnant women identified in the
IBM® MarketScan® Research Databases (MarketScan). MarketScan is a
large administrative claims database including information on a portion
of the US population covered by employer-sponsored insurance (IBM
Corporation, 2018). This database allows for linkages at the individual
level of inpatient services, outpatient services, outpatient pharmacy
prescription claims and healthcare plan enrollment information.

Pregnancies were identified using International Classification of
Diseases (ICD)-9 diagnosis and procedure codes, Diagnosis-Related
Group codes, Current Procedural Terminology codes and Healthcare
Common Procedure Coding System codes from inpatient and
outpatient services, and National Drug Codes from outpatient
pharmaceutical claims. Codes used to define pregnancies are consistent
with previous research (Scholes et al., 2011; Ailes et al., 2016).
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Intrauterine pregnancies (i.e. those ending in live birth, stillbirth,
miscarriage and abortion) were identified using a set of claims
codes identified by Ailes et al., (2016); there had to be at least a 2-
month gap between pregnancies for codes to be deemed valid (Ailes
et al., 2016). Ectopic pregnancies were identified using a validated
algorithm developed by Scholes et al., (2011); this algorithm required
there to be at least two ectopic pregnancy-related diagnoses or
procedures, or an ICD-9 diagnosis code for a tubal pregnancy (633.10,
633.11), or at least one ectopic pregnancy-related diagnosis or
procedure code followed by a methotrexate dispensation or injection
(Scholes et al., 2011).

Gestational age is not available in the claims data; therefore, we used
an algorithm to estimate the date of last menstrual period, which was
then used to estimate conception as 14 days after the last menstrual
period (Ailes et al., 2016). This algorithm estimates ectopic pregnancy
to end at 56 days of gestation and intrauterine pregnancies to end
between 56- and 301-day gestation. For intrauterine pregnancies,
information in the codes used to identify pregnancies was used to
estimate the last menstrual period. For example, if a live birth was
identified with an ICD-9 code of 765.14 (other preterm infant, 1000–
1259 grams), the last menstrual period was estimated to be 29 weeks
before the birth. Detailed information on identification of pregnancies
in the MarketScan database is provided in Supplementary Table SI and
Supplementary File S1.

Benzodiazepine prescriptions were identified from outpatient phar-
macy files through national drug codes and generic drug names. Drugs
included are alprazolam, chlordiazepoxide, clobazam, clonazepam, clo-
razepate, diazepam, estazolam, flurazepam, lorazepam, oxazepam,
quazepam, temazepam and triazolam (National Center for Injury Pre-
vention and Control, 2017). Benzodiazepines are generally prescribed
to be taken as needed, and not to be taken on a daily basis. Thus,
to capture women who are most likely to be taking benzodiazepines
before conception, we defined exposure as having at least two benzo-
diazepine prescriptions totaling at least 10 days’ supply in the 90 days
before their estimated conception date.

The cohort included pregnancies identified in the MarketScan
databases between 1 November 2008 and 30 September 2015 among
women aged 15 to 44. Not all women included in the MarketScan
database had insurance that included prescription drug coverage;
therefore, we excluded those whose insurance plan did not include
this coverage. We excluded women who did not have continuous
enrollment in the year before conception—this ensured complete
claims information in the 9-month baseline and the 90-day exposure
periods. We also excluded pregnancies that had a prescription for
benzodiazepine in the exposure period, but did not meet our exposure
criteria; this included women who had only one prescription or had
more than one prescription but having fewer than 10 days’ supply of
benzodiazepines in the 90 days before conception. Our final cohort
included 1 691 366 pregnancies (Fig. 1).

Statistical analyses
The relative risk (RR) of ectopic pregnancy in pregnancies with ben-
zodiazepine prescriptions in the exposure period compared with preg-
nancies without benzodiazepine prescriptions in the exposure period
was estimated using log-linked binomial models. To reduce the threat
to validity from confounding variables, we used a multistep algorithm
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Figure 1 Cohort selection process.

to apply high-dimensional propensity score adjustments (Schneeweiss
et al., 2009). Unlike traditional propensity score methods, this algo-
rithm identifies potential confounders from a database by selecting
variables correlated to both the exposure and outcome, prioritizing
covariates by prevalence and potential for bias (Schneeweiss et al.,
2017). Covariates were drawn from three data dimensions during the
9 months prior to the start of the exposure period, which include (i)
inpatient and outpatient diagnostic codes (3-digit ICD-9-CM codes), (ii)
inpatient and outpatient procedure codes (4-digit ICD-9-CM codes)
and (iii) outpatient prescription medication claims (11-digit NDCs)
(Rassen et al., n.d.; Schneeweiss et al., 2009, 2017). The inclusion of
near-instruments in the high-dimensional propensity score model may
be amplifying bias (Myers et al., 2011); thus, we excluded pre-exposure
period benzodiazepine prescriptions the inverse probability of treat-
ment weight analysis. In addition to the health variables obtained from
these data, we also included the year (2007–2011, 2012–2015) and
women’s age at the end of the pregnancy (15–19, 20–24, 25–29, 30–
34, 35–39, 40–44), and five pre-defined conditions identified as being
risk factors for ectopic pregnancy. These conditions are pelvic infec-
tions, sexually transmitted infections, assisted reproductive technology,
intrauterine devices and smoking in the 6 months before the exposure
period (Kamwendo et al., 2000; Bouyer, 2003; Backman et al., 2004;
Du et al., 2017); Supplementary Table SII lists the codes used to identify
these conditions.

For each model, high-dimensional propensity scores were estimated
using demographic and predefined conditions, as well as the top
500 covariates selected from the health databases. Inverse probability
of treatment weights was derived from the propensity scores and
stabilized. To minimize the influence of outlier weights, inverse prob-
ability of treatment weights were truncated beyond the pre-specified
range of 0.10 and 10 (Harder et al., 2010). Unweighted and weighted
standardized differences of baseline characteristics by exposure are
presented for each model in the Supplementary Tables SIII–SXI; we
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consider a covariate to be balanced if the standardized difference is
<0.25 (Harder et al., 2010).

Confounding by indication is important to consider when examining
the effect of a particular treatment because clinical indications for
being prescribed a particular medication could also affect the outcome
(Kyriacou and Lewis, 2016). To identify potential confounding by indi-
cation, we examined risk of ectopic pregnancy among pregnancies
for which the woman had one of the two most common indications
for benzodiazepine prescription—anxiety and insomnia; codes used
to define these conditions are provided in Supplementary Table SII.
Unadjusted and inverse probability of treatment-weighted log-linked
binomial regression models were first conducted on a cohort limited
to pregnancies that had at least one anxiety diagnosis in the year before
conception (n = 90 479) and then conducted on a cohort limited to
pregnancies that had at least one insomnia diagnosis in the year before
conception (n = 21 802).

We conducted several sensitivity analyses to examine how our
exposure definition affected the results of this study. In our first
sensitivity analysis, we used a less strict definition of exposure, in which
all women who filled at least one benzodiazepine prescription in the
90 days before conception were defined as exposed. This increased
our cohort to 1 734 668 pregnancies, of which 61 292 were exposed to
benzodiazepines before conception. In our second sensitivity analysis,
we used a stricter definition of exposure. While we can identify women
who filled a prescription, we are unable to identify whether women
ingested the benzodiazepines. To increase the likelihood of captur-
ing only women who took benzodiazepines right before conception,
we required at least two prescriptions to be filled within the 90-
day exposure period totaling at least 10 days’ supply, and one of
these prescriptions to be filled in the 30 days before conception. In
this analysis, pregnancies with at least two prescriptions totaling at
least 10 days supply, where both were filled before 30 days before
their last menstrual period (n = 4177), were defined as ‘questionable
benzodiazepine exposure’ and excluded from the analysis, resulting in a
cohort of 1 687 189 pregnancies. All data management, programming
and analyses were performed using SAS, version 9.4 (SAS Institute Inc.,
2013).

Ethical approval
The study was approved by the institutional review board of Stanford
University and the need for informed consent was waived.

Results
Our study included 1 691 366 pregnancies, of which 30 046 (1.78%)
were ectopic and 17 990 (1.06%) were to women who had a ben-
zodiazepine prescription before conception. Women who were older
at the time of their pregnancy, those who had a sexually transmitted
infection, pelvic infection, intrauterine device, used assisted reproduc-
tive technology and those who had a smoking-related diagnosis or
procedure in the 9 months before the exposure period were more
likely to be have a benzodiazepine prescription before conception
(Table I).

There were 80 excess ectopic pregnancy per 10 000 pregnancies
among pregnancies exposed to benzodiazepines compared to
pregnancies not exposed to benzodiazepine prescriptions before
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Table I Comparison of baseline characteristics among women with and without benzodiazepine prescriptions before
conception (n = 1 691 366).

Characteristic Had a benzodiazepine prescriptiona

(n = 17 990)
Did not have any benzodiazepine

prescriptions (n = 1 673 376)

No. (%) No. (%)
.......................................................................................................................................................................................
Age

15–19 427 (2.37) 84 219 (5.03)

20–24 2330 (12.95) 199 522 (11.92)

25–29 4183 (23.25) 449 669 (26.87)

30–34 5901 (32.80) 561 771 (33.57)

35–39 3856 (21.43) 298 499 (17.84)

40–44 1293 (7.19) 79 696 (4.76)

Year

2008–2011 7578 (42.12) 760 223 (45.43)

2012–2015 10 412 (57.88) 913 153 (54.57)

Medical conditions in the 9 months before
the exposure periodb

Sexually transmitted infection 280 (1.56) 17 166 (1.03)

Assisted reproductive technology 119 (0.66) 7135 (0.43)

Pelvic infection 163 (0.91) 5973 (0.36)

Intrauterine device 585 (3.25) 42 018 (2.51)

Smoking 1451 (8.07) 26 828 (1.60)

aHad at least two benzodiazepine prescriptions totaling at least 10 days’ supply in the 90 days before conception
bExposure period is the 90 days before conception

conception (Table II). After IPT weighting, pregnancies with benzo-
diazepine prescriptions had 1.47 (95% CI 1.32–1.63) times higher
risk of ectopic pregnancy than pregnancies without benzodiazepine
prescriptions.

The most commonly used benzodiazepines are alprazolam,
clonazepam, lorazepam and diazepam. Other than clonazepam, the
weighted RR of ectopic pregnancy remained substantially higher for
women taking any of these benzodiazepines compared to women not
taking these benzodiazepines, with IPT-weighted RR ranging from 1.19
(95% CI 0.96, 1.48) for women taking clonazepam, to 1.51 (1.20, 1.90)
for women taking lorazepam.

When limiting the cohort to women who had an anxiety diagnosis
in the year before the start of their pregnancy, the IPT-weighted
RR of ectopic pregnancy among women who had a benzodiazepine
prescription remained significantly higher (weighted RR = 1.33, 95%
CI 1.17, 1.51). The unweighted RR of ectopic pregnancy remained
significantly higher for women with a benzodiazepine prescription when
limiting the cohort to women who had an insomnia diagnosis in the year
before conception (RR = 1.36, 95% CI 1.06, 1.5). However, the IPT-
weighted RR of ectopic pregnancy was not significantly higher among
women exposed to benzodiazepines than women not exposed to
benzodiazepines (weighted RR = 1.28, 95% CI 0.99, 1.68) (Table III).

Sensitivity analyses
We conducted two sensitivity analyses, the first using a less strict
definition of benzodiazepine exposure (at least one prescription in the
90 days before conception), and the second using a stricter definition
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of benzodiazepine exposure (at least two prescriptions in the 90 days
before conception totaling 10 days’ supply, with at least one of these
prescriptions being filled in the 30 days before conception). When
using the less strict definition, we found that 61 292 (3.5%) of the
1 734 668 pregnancies in the cohort were exposed to benzodiazepines
before conception (Table IV). For this cohort, the association was not
as strong as what we saw in our original analysis (weighted RR = 1.27,
95% CI 1.20–1.34). When using the stricter definition of benzodi-
azepine exposure, we found that 13 813 (0.8%) of the 1 687 189
pregnancies in the cohort were exposed to benzodiazepines before
conception. In this analysis, the association was stronger than what we
saw in our original analysis (weighted RR = 1.54, 95% CI 1.37–1.73).

Discussion
In this study of pregnancies using a large cohort covered through
employer-based insurance in the USA between 2008 and 2015, we
found an increased risk of ectopic pregnancy among women who filled
at least two benzodiazepine prescriptions totaling at least 10 days’
supply in the 90 days before conception compared to women who did
not have a benzodiazepine prescription in this time period. Although
attenuated, the risk of ectopic pregnancy remained significantly higher
among women who had an anxiety diagnosis in the 9 months before
conception. The attenuation of results when limiting our cohort to
women with specific indications for benzodiazepine use suggests that at
least some of the association between benzodiazepine use and ectopic
pregnancy can be explained by the conditions that are being treated
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Table II Frequency of pregnancies and relative risk of ectopic pregnancies between women with and without a
benzodiazepine prescription.

Exposure
Had a benzodiazepine

prescription
Did not have any
benzodiazepine

prescriptions

Risk
differenceb

(95% CI)

Relative risk (95% CI)

..................................... .................................... ..............................................
N Eventsa (Riskb) N Eventsa (riskb) Crude IPT-weightedb

.......................................................................................................................................................................................
Any benzodiazepine 17 990 462 (257) 1 673 376 29 584 (177) 80 (57, 103) 1.45 (1.33, 1.59) 1.47 (1.32, 1.63)d

Specific benzodiazepinec

Alprazolam 9261 237 (256) 1 682 105 29 809 (177) 79 (46, 111) 1.44 (1.27, 1.64) 1.51 (1.31, 1.73)e

Clonazepam 5527 126 (228) 1 685 839 29 920 (177) 50 (11, 90) 1.28 (1.08, 1.53) 1,19 (0.96, 1.48)f

Lorazepam 3568 93 (261) 1 687 798 29 953 (177) 83 (31, 135) 1.47 (1.20, 1.80) 1.51 (1.20, 1.90)g

Diazepam 1847 55 (298) 1 689 519 29 991 (178) 120 (43, 198) 1.68 (1.29, 2.18) 1.49 (1.08, 2.07)h

Abbreviations: IPT = inverse probability of treatment
aNumber of ectopic pregnancies
bPer 10 000 pregnancies
cWomen can have a prescription for more than one type of benzodiazepine
dSee Supplementary Table SIII for unweighted and IPT-weighted standardized differences of baseline characteristics
eSee Supplementary Table SIV for unweighted and IPT-weighted standardized differences of baseline characteristics
f See Supplementary Table SV for unweighted and IPT-weighted standardized differences of baseline characteristics
gSee Supplementary Table SVI for unweighted and IPT-weighted standardized differences of baseline characteristics
hSee Supplementary Table SVII for unweighted and IPT-weighted standardized differences of baseline characteristics

Table III Frequency of pregnancies and relative risk of ectopic pregnancies between women with and without a
benzodiazepine prescription, by indication.

Indication N Eventsa (riskb)
Risk differenceb

(95% CI)
Relative risk (95% CI)

................................................
Crude IPT-weighted

.......................................................................................................................................................................................
Anxiety (n = 90 479)

No benzodiazepine Prescription 81 291 1730 (213) 1.00 (reference) 1.00 (reference) 1.00 (reference)

Benzodiazepine prescription 9188 249 (2.71) 58 (24, 93) 1.27 (1.12, 1.45) 1.33 (1.17, 1.51)c

Insomnia (n = 21 802)

No benzodiazepine prescription 19 588 442 (226) 1.00 (reference) 1.00 (reference) 1.00 (reference)

Benzodiazepine prescription 2214 68 (307) 81 (7, 156) 1.36 (1.06, 1.75) 1.28 (0.99, 1.68)d

Abbreviations: IPT = inverse probability of treatment
aNumber of ectopic pregnancies
bPer 10 000 pregnancies
cSee Supplementary Table SVIII for unweighted and IPT-weighted standardized differences of baseline characteristics
dSee Supplementary Table SIX for unweighted and IPT-weighted standardized differences of baseline characteristics

with benzodiazepines. This study adds valuable information on the
safety of benzodiazepines for women who may become pregnant and
has important clinical and public health implications.

Previous studies on the use of benzodiazepine and reproductive out-
comes have focused on benzodiazepine use have reported increased
risks for spontaneous abortion, preterm birth, low birth weight and
congenital malformations (Morgan and Winship, 2007; Wikner et al.,
2007; Bellantuono et al., 2013; Sheehy et al., 2019). No previous
studies have examined the use of benzodiazepines before conception
and risk of ectopic pregnancy; however, there is biologic plausibility for
a potential relationship (Zhou et al., 2010). Embryo-tubal transport is
facilitated through smooth muscle contraction and ciliary beating; thus,
changes to these mechanisms could impair transportation (Halbert
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et al., 1976; Walker, 2007; Shaw et al., 2010). Binding of GABA to
GABA-A receptors in the fallopian tube is known to alter fallopian con-
tractility (Erdö, 1986). In the normal pregnant oviduct, concentrations
of GABA are reduced but the expression of GABA-A receptors is
increased (László et al., 1989). The action of benzodiazepines, which
bind to the GABA-A receptor, could result in excessive GABA-A-
mediated transmission, reducing fallopian contractility. This could result
in failure of the ovum to progress along the oviduct and increase risk
for fertilization and implantation within the tube.

This study provides important information regarding the poten-
tial effects of benzodiazepines on women’s reproductive health. For
women who filled at least two prescriptions for benzodiazepines total-
ing at least 10 days’ supply in the 90 days before conception, particularly
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Table IV Frequency of pregnancies and relative risk of ectopic pregnancies between women with and without a
benzodiazepine prescription, by exposure definition.

Benzodiazepine
exposure definition

Had a benzodiazepine
prescription

Did not have any
benzodiazepine prescriptions

Risk differenceb

(95% CI)
Relative risk (95% CI)

...................................... ......................................... ...........................................
N Eventsa (Riskb) N Eventsa (riskb) Crude IPT-weightedb

.......................................................................................................................................................................................
Less strict∗ definition 61 292 1555 (254) 1 673 376 29 584 (177) 77 (64, 90) 1.44 (1.36, 1.51) 1.27 (1.20, 1.34)c

Stricter∗∗ definition 13 813 354 (258) 1 673 376 29 584 (177) 81 (55, 108) 1.46 (1.32, 1.62) 1.54 (1.37, 1.73)d

Abbreviations: IPT = inverse probability of treatment
∗At least one benzodiazepine prescription in the 90 days before conception
∗∗At least two benzodiazepine prescriptions in the 90 days before conception totaling at least 10 days supply, with at least one benzodiazepine prescription in the 30 days before
conception
aNumber of ectopic pregnancies
bPer 10 000 pregnancies
cSee Supplementary Table SX for unweighted and IPT-weighted standardized differences of baseline characteristics
dSee Supplementary Table SXI for unweighted and IPT-weighted standardized differences of baseline characteristics

if they also have other risk factors for ectopic pregnancy, providers
could provide early pelvic ultrasound to assess for intrauterine (normal)
vs. ectopic (potentially life-threatening) pregnancy, allowing them to
identify and treat ectopic pregnancy in order to avoid tubal rupture
(Cacciatore et al., 1994; Barnhart, 2009).

The use of the MarketScan database is a significant strength of our
study, as it provides a large cohort, objective assessment of potential
drug exposure, and a wide range of potential confounders through
linkages to clinical records. Our analysis also has several limitations. We
used an algorithm to identify pregnancy outcomes and last menstrual
period and were unable to validate these estimates using data from
medical records or birth certificates. This approach could result in
misclassification; however, previous studies have validated similar algo-
rithms, demonstrating good to excellent agreement on designation and
dating of pregnancy outcomes (Hornbrook et al., 2006). Ectopic preg-
nancies are generally identified between 42 and 84 days after a pregnant
woman’s last menstrual period; given this small range in dates and the
accuracy of the algorithm in identifying the last menstrual period before
an ectopic pregnancy, we are confident that our exposure window
includes their conception date (Matcho et al., 2018).

Relying on outpatient prescription data to identify medication use
could result in over- or under-estimation of actual benzodiazepine
consumption. Not all dispensed benzodiazepines are consumed, which
would result in overestimation of exposure. Underestimation of expo-
sure could result from benzodiazepines consumed during inpatient
hospitalizations, benzodiazepines paid for out-of-pocket and benzo-
diazepines obtained from sources other than a prescription for the
woman. Further, benzodiazepines are often consumed on an acute
basis; women may start and stop use when symptoms appear or reap-
pear and may be using benzodiazepines long after the dispensing date.
In our sensitivity analyses, the association between benzodiazepine
exposure and ectopic pregnancy was weaker when using a less strict
definition, and stronger when using a stricter definition of exposure to
benzodiazepines before conception, increasing our confidence in our
findings.

The use of inpatient and outpatient claims allowed us to adjust for
a wide range of potential confounders; however, this approach cannot
remove confounding by variables that are not well captured in the data
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and for which there are no suitable proxies. For example, it is known
that smoking status is underestimated in claims data (Desai et al., 2016).
The data also had limited information on sociodemographic character-
istics. Benzodiazepine use during pregnancy is higher among women
who have had previous miscarriages, and those with higher parity
(Wikner et al., 2007); these factors could affect both benzodiazepine
use and ectopic pregnancy. Lastly, our cohort included only women
with employer-based medical insurance coverage. We suspect that
the mechanism responsible for the observed association is biological;
therefore, we expect our findings to be generalizable to women not
covered through employer-based insurance.

A lack of information on the safety of drug treatment during preg-
nancy is a serious public health concern (Adam et al., 2011). Most
studies that have examined the effects of drug treatment in pregnancy
have focused on pregnancy complications and fetal development;
fewer have examined the potential effects of these treatments on
the risk of ectopic pregnancy and other early pregnancy loss. Given
the serious consequences associated with ectopic pregnancy, it is
important to better understand risk factors, which could help women
and their care providers make more fully informed decisions about
benzodiazepine use.
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Supplementary data are available at Human Reproduction online.
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