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Abstract

Purpose: The purpose of this study was to evaluate maternal and neonatal
outcomes in women with benzodiazepine exposure during pregnancy.

Methods: Women with neuropsychiatric illness were enrolled prior to 16
weeks’ gestation in a prospective study. Inclusion criteria included: 1) Structured
Clinical Interview for DSM-IV, 2) complete obstetrical and neonatal records, and

SDepartment of Psychiatry, University of Wisconsin
Madison, USA

*Corresponding author: Coker JL, Departments of
Psychiatry and Obstetrics and Gynecology, University
of Arkansas for Medical Sciences, 4301 W Markham St
#843-A, Little Rock, AR 72205, USA

Received: May 28, 2020; Accepted: June 18, 2020;
Published: June 25, 2020

3) singleton pregnancy. Benzodiazepine exposure was defined as cumulative
> two weeks at any point in pregnancy, a priori. Primary outcomes included
preterm delivery, low birth weight, and cesarean delivery. Logistic regression
models were used in examining the associations between benzodiazepine
exposure and outcomes.

Results: 633 women were included in the study. 133 (21.0%) were exposed
to benzodiazepines during pregnancy. There was a significant interaction effect
between women with benzodiazepine exposure and self-reported tobacco
use for low birth weight (OR=6.88, 95% CI 1.44-32.75). For women without
diagnosis of Posttraumatic Stress Disorder (PTSD), benzodiazepine use was
associated with greater odds of cesarean section delivery (OR= 3.12, 95% ClI
1.64-5.94). Women with benzodiazepine use were more likely to have preterm
delivery if their pregnancy was not planned (OR=3.69, 95% CI 1.40-9.71).
Female infants with benzodiazepine exposure were more likely to require
special nursery admission (OR= 2.61, 95% Cl 1.11-6.13)

Conclusions: The potential adverse effects of benzodiazepine exposure
in this cohort were dependent upon other maternal factors such as tobacco
use and/or intentionality of pregnancy underscoring the need to carefully

characterize populations before assigning reproductive safety risks.
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Introduction

The use of benzodiazepines continues to increase with current
estimates suggesting 37.6 benzodiazepine prescriptions filled per 100
persons in the United States in 2012 [1]. Despite the potential for
misuse and abuse, benzodiazepines are used in a variety of conditions
such as epilepsy, dystonia, spasticity, anxiety and insomnia. It
is common to avoid or discontinue benzodiazepine use during
pregnancy. The American College of Obstetricians and Gynecologists
practice bulletin regarding use of psychotropic medications during
pregnancy and lactation suggest use of benzodiazepines for treatment
of anxiety during pregnancy as a reasonable option although these
medications should be used with caution [2]. Benzodiazepines
appear to readily cross the human placenta and enter breast milk at
varying levels based on pharmacokinetic properties of the individual
medication [3-7].

Initial reports on diazepam in pregnancy found a higher rate
of cleft lip and palate with first trimester exposure [8]. Similarly,
others have reported cleft palates, anal atresia, skeletal abnormalities,
and “floppy baby” syndrome after delivery, although these adverse
effects have not been confirmed by other investigative teams [9-11].
Benzodiazepine exposure in pregnancy has been associated with
increased maternal age, tobacco use and lower education, which

adds important potential confounders hindering the ability to isolate
the impact of medication exposure [12]. Retrospective data shows
women with benzodiazepine exposure have increased odds for
preterm birth and low birth weight (<2500 g) [13]. However, when
controlling for concurrent antidepressant use, the risk of preterm
delivery was significantly attenuated [13]. In a subsequent study of a
cohort of women with higher proportion of benzodiazepine exposure
(n=85), the risk of preterm delivery remained significantly higher
when controlling for additional psychotropic medication use [14].

Recent work by Freeman et al. found that benzodiazepine
exposure (n=144) as reported across three time points (enrollment,
seven months of gestation, and three months postpartum)
significantly increased the risk of admission to NICU and small head
circumferences [15]. A separate study evaluated the potential impact
of maternal anxiety disorders, the authors found that maternal panic
disorder (n=98) and generalized anxiety disorder (n=252) did not
increase adverse outcomes. In contrast, benzodiazepine exposure
(n=67) in pregnancy determined by maternal report at three times
points (prior to 17 weeks’ gestation, 28 (+2) weeks’ gestation, and 8
(+4) weeks’ postpartum) was associated with cesarean delivery, low
birth weight, and use of ventilator support for newborns [16]. Our
goal was to extend these previous studies in a prospective cohort of
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well characterized women with repeated documentation of exposures
across the gestational period.

Current study objectives included: 1) evaluate the impact of
benzodiazepine exposure on maternal and neonatal outcomes while
evaluating potential interactive effects of psychiatric illness; and 2)
determine the impact, if any, of gestational timing of benzodiazepine
exposure and other exposures on these outcomes.

Materials and Methods

Study population and data collection

Pregnant women with neuropsychiatric illnesses referred to the
Emory Women’s Mental Health Program, a tertiary referral center for
neuropsychiatric illness in pregnancy, were enrolled in a prospective,
observational study of the impact of maternal stress, mental illness
and pharmacologic exposures on pregnancy outcomes. Women were
enrolled and provided informed consent prior to 16 weeks estimated
gestation and followed through the first postnatal year. The study
was approved by the Emory University Institutional Review Board
and conducted between 1997 and 2012. Subjects were referred to
the Women’s Mental Health Program by primary care physicians,
obstetric care providers, mental health care providers and self-
referral. By design, the inclusion criteria for the primary investigation
were broad, and only women with a currently active eating disorder
or substance use disorder were excluded from participation.

Subjects were evaluated during pregnancy at 4 to 8 week
intervals assessing stress, symptoms of depression and anxiety, and
documentation of exposures (prescription, over the counter and
environmental). Tracking sheets for all exposures (prescription, over
the counter, environmental) were completed by clinician interview
of subjects. At the initial pregnancy visit, exposure tracking sheets
were completed from the estimated start of pregnancy based on the
available indices of gestational age (based on last menstrual period)
at the time of interview. Each subject was interviewed within 7 days
after delivery to obtain information regarding labor and delivery
including release of information for medical records. By convention,
analyses were limited to the first pregnancy enrolled in the study for
each subject for those women with multiple pregnancies over the
duration of the study. The inclusion criteria for this current analysis
included: (1) completed Structured Clinical Interview for the DSM-
IV; (2) complete abstraction of obstetric and neonatal records; (3)
documentation of medication exposure on a week-by-week basis
across the entirety of gestation; and (4) singleton pregnancy to reduce
potential confounds of multiple gestation on outcome measures.

Measures

Primary outcomes included: method of delivery (vaginal
versus cesarean delivery), preterm birth (delivery that occurred
at gestational age of more than 20 and before the completion of
37 weeks of gestation based on last menstrual period, yes/no), low
infant weight (birth weight below 2500 grams, yes/no). Secondary
and exploratory outcomes included infant major malformation (yes/
no), Neonatal Intensive Care Unit (NICU) admission (yes/no), and
special nursery care (yes/no). We chose to define benzodiazepine
exposure a priori as a cumulative benzodiazepine exposure during
pregnancy > 2 weeks Women with benzodiazepine exposure less
than two weeks’ total were excluded from analyses e.g. not included

in either benzodiazepine exposed or not exposed groups. This
cumulative amount of benzodiazepine exposure was empirically
selected to increase our confidence in separating exposed from non-
exposed women for outcome analyses.

Statistical analysis

Bivariate analysis between benzodiazepine use, demographics
and clinical characteristics were performed using chi-square
independence test since all the variables were categorical. To
examine the associations between benzodiazepine use and maternal
and neonatal outcomes at delivery adjusting for covariates, logistic
regression models were constructed using benzodiazepine as a
dichotomized variable (yes/no) and as a continuous variable (weeks
of exposure). Covariates included demographics, which included age
groups (<30, 30-<35, 35-<40, >40), race (Caucasian vs other), marital
status (married vs non-married), and education levels (< 13 years,
14-15 years, 16 years and >16 years), maternal obstetrical history
including gravidity, planned pregnancy (yes/no), primiparous state
(yes/no), delivery anesthesia (yes/no), lifetime maternal psychiatric
diagnoses including Major Depressive Disorder (yes/no), Bipolar
Disorder (yes/no), anxiety disorder (yes/no), Posttraumatic Stress
Disorder (yes/no), history of substance use disorder (yes/no), and
maternal exposures including yes or no for the current use of tobacco,
antidepressant, and/or mood stabilizers (including Lithium, anti-
epileptic drugs, and atypical antipsychotics). Age was changed to a
categorical variable due to its non-linear relationships with most of
the outcomes.

Since three of the covariates (planned pregnancy, delivery
anesthesia, and current tobacco use) had the most missing values
compared to the rest (about 2-4%), these three variables were
included in each of the models only if the p values in the bivariate
analysis between these and benzodiazepine use or each outcome were
less than or equal to 0.2. The remaining covariates were included in
all the models. The interactions between benzodiazepine use and
covariates were also examined and included if p <0.05. SAS 9.4 was
used for all analyses.

Results

The original parent study included 1,359 pregnancies. A total of
633 women fulfilled inclusion criteria for the present analyses with
133 (21.0%) of the women classified as benzodiazepine exposed
(Figure 1). The primary reasons for exclusion included incomplete
records (including psychiatric diagnostic interview, tracking sheets
for exposure, and obstetrical and/or neonatal records) in 553
pregnancies. A total of 27 women were excluded due to multiple
gestation and 131 pregnancies were excluded from mothers with
more than one pregnancy during the study. 15 women were excluded
with acute benzodiazepine exposure (i.e. less than 2 weeks” duration
of use during entire pregnancy).

The subjects in the cohort were a relatively homogenous group
of women with regard to a high education level and 100% received
prenatal care. The mean age of participants was 33.0+4.9 years and
87.5% were White, 7.4% African American, 2.2% Asian and 1.4%
Native American with remaining identifying as Pacific Islander or
multiple. A total of 2.7% identified as Hispanic ethnicity. The mean
education was 16.0 (+£2.1 years) and 82.9% were married. The majority
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Table 1: Bivariate analysis between benzodiazepines use and demographics
and clinical characters.

) Benzodiazepine use, % Total %
Variable .
No (n=500)| Yes (n=133)|  (n=633)

Maternal Demographics
Age
<30 26 22.6 25.3
30-<35 38.4 37.6 38.2
35-<40 28.8 31.6 29.4
40+ 6.8 8.3 7.1
Caucasian 88.2 85 87.5
Married 83.6 80.5 82.9
Education*
<=13 years 7.8 19.6 10.3
14-15 years 16.9 24.8 18.5
16 years 37.6 29.3 35.8
>16 years 37.8 26.3 35.3
Maternal Obstetrical History
Gravidity
1 35.9 31.8 35.1
2 34.1 28 32.9
3 12.9 17.4 13.8
>=4 17.1 22.7 18.3
Planned pregnancy 68.6 65.6 68
Primiparous 53 53 53
Delivery anesthesia 92.7 93 92.8
Lifetime Maternal Psychiatric
Diagnoses
Major Depressive Disorder 64.6 58.7 63.4
Bipolar Disorder* 21.2 30.8 23.2
Anxiety Disorder*" 47.4 68.4 51.8
Post-Traumatic Stress Disorder 18.4 21.8 19.2
Substance Use Disorder 49 57.1 50.7
Maternal Exposures
Current Tobacco Use* 13.3 21.7 15.1
Current use of Antidepressant 72.8 78.2 73.9
Current use of Mood Stabilizer* 27.6 43.5 30.9
Maternal and Neonatal Outcomes
Cesarean Section Delivery* 33.8 43.6 35.9
Preterm Delivery* 11 19.6 12.8
Low infant weight < 2500 grams* 5 9.8 6
Infant Malformation 2.8 4 3
Infant NICU admission 11 17.8 12.4
Infant special nursery requirement 13.6 17.1 14.3

*

p<.05

tincluding generalized anxiety disorder, panic disorder, social anxiety disorder
and anxiety nos.

NICU; Neonatal Intensive Care Unit

fulfilled DSM-IV criteria for lifetime history of major depressive
disorder (63.4%) per structured interview and 73.9% reported taking
an antidepressant and 30.9% a mood stabilizer at some point during
the pregnancy. The majority of women were primiparous (53.0%)
and approximately one-third of subjects (32.0%) reported the current
pregnancy as unplanned. Within the benzodiazepine exposed group
(n=133), the most commonly prescribed benzodiazepines included
lorazepam (46.6%), clonazepam (39.1%) and alprazolam (12.0%).

Table 1 shows the bivariate analysis results including
demographics, psychiatric history, obstetrical history, and pregnancy
outcomes. There were no statistical differences in age, race, or marital
status between women with and without benzodiazepine exposure.
Women with lower levels of education were more likely to have
benzodiazepine exposure (p<0.0001). The mean gestational age
at delivery was 38.6 weeks (SD=1.8). The benzodiazepine exposed
group had higher rates of preterm delivery (19.6% vs 11.0%, p=0.01),
operative delivery (43.6% vs 33.8%, p=0.04), low birth weight infants
(9.8% vs5.0%, p=0.04),and NICU admission (17.8% vs 11.0%, p=0.04).
Women who met DSM-IV criteria for an anxiety disorder (including
generalized anxiety disorder, panic disorder, social anxiety disorder
or anxiety nos) (68.4% vs 47.4%, p <0.0001) and/or bipolar disorder
(30.8% vs 21.2%, p=0.02) were more likely to take a benzodiazepine.
Women taking a mood stabilizer were significantly more likely
to have benzodiazepine exposure (p=<0.05), while no significant
differences were found for antidepressant exposure. Women taking
benzodiazepines were more likely to self-report tobacco use (21.7%
vs 13.3%, p=0.02).

There were no statistical differences in gravidity, parity, method
of delivery, infant malformation, or infant special nursery care
between benzodiazepine exposed and non-exposed groups on initial
bivariate analysis.

Parameter estimates from logistic regression models examining
benzodiazepine effects on maternal and neonatal outcomes are
included in Appendix 1. Odds ratios of benzodiazepine use for
maternal and neonatal outcomes are presented in Table 2. The model
for low birth weight revealed a significant interaction effect between
concurrent use of benzodiazepine and tobacco. Specifically, for those
with tobacco use, odds of low birth weight was six times higher in
women taking benzodiazepine compared to those without BZD use
(OR=6.88, CI 1.44-32.75). The impact of benzodiazepine use on low
birth weight was not seen in the non-tobacco use groups. For the
cesarean section delivery model, women with benzodiazepine use
had three times higher odds of cesarean section delivery than those
without benzodiazepine use if they were not diagnosed with post-
traumatic stress disorder (OR=3.12, 95% CI 1.64- 5.94). This was not
seen in women with post-traumatic stress disorder diagnosis. Even
though the interaction between benzodiazepine use and tobacco
use in this model was significant, the benzodiazepine effect was not
significant regardless of tobacco use although a positive trend was
shown between benzodiazepine use and cesarean section delivery
for those women with tobacco use. Women with benzodiazepine use
were also found to be more likely to have preterm delivery if their
pregnancy was not planned (OR=3.69, 95% CI 1.40-9.71) and were
more likely to require special nursery care following delivery if they
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Table 2: Odds ratios of maternal and neonatal outcomes for benzodiazepine use. OR (95% Cl).

Cesarean section
delivery

Preterm Delivery, < 37
weeks gestation

Low birth weight,
<2500 grams

Infant Neonatal
Intensive Care Unit

Infant Major
Malformation

Infant Special
Nursery Required

Benzodiazepine Use
(yes vs no)

1.74 (0.51-5.96) 1.31 (0.72-2.41)

No tobacco use 0.63 (0.31-1.24)

0.71 (0.22-2.22)

With tobacco use 2.62 (0.87-7.83)

6.88 (1.44-32.75)

With no PTSD diagnosis 3.12 (1.64- 5.94)

With PTSD diagnosis 0.52 (0. 17- 1.65)

With planned pregnancy 1.18 (0.55- 2.52)

With unplanned

3.69 (1.40- 9.71)
pregnancy

With male newborn

1.27 (0.68- 2.34)

With female newborn

2.61 (1.11- 6.13)

PTSD; Posttraumatic Stress Disorder
had female neonates (OR=2.61, 95% CI 1.11-6.13).

Gestational timing of exposure

Benzodiazepine use was also explored by use in either the first
trimester only (0-13 weeks based on last menstrual period) (n=98),
in the third trimester (> 28 weeks) only (n=69), and as a continuous
exposure. The first and last trimesters were chosen as they are often
associated with risk of infant malformation and postnatal effects,
respectively. The average duration of benzodiazepine exposure was
20.0+14.2 weeks with forty women having exposure for 30 weeks or
greater during gestation. Those with benzodiazepine exposure either
in the first or third trimesters only were more likely to have preterm
delivery (22% vs 11%).

Among all women there were a total of 18 known malformations
(3%) present with five being in the benzodiazepine exposed group
and associated with a longer duration of benzodiazepine use in
pregnancy (parameter estimate = 0.05, p-value=0.02). Four out
of the five malformations in the benzodiazepine exposed group
were documented and had not been previously associated with
BZD exposure including Tetralogy of Fallot, mild craniofacial
dysmorphism, congenital kidney malformation, and atrial septal
defect/patent foramen ovale. These findings were not significant
when comparing first to third trimester exposure.

Discussion and Conclusion

The current study provided prospective data that underscores
the difficulties in isolating the impact of benzodiazepine exposure in
pregnancy as our estimated impact of benzodiazepine on maternal
and neonatal outcomes had significant interaction effects with other
factors. Approximately 1 out of 5 women reported benzodiazepine
use for greater than 2 weeks during pregnancy. In contrast to previous
reports, [12-14] the rate of adverse outcomes in this prospective
cohort were modest. The rate of preterm delivery (<37 weeks’
gestation based on last menstrual period) in our benzodiazepine
exposed sample was 19.5%, which is higher than the national average
(9.57%); [17] however, comparable to a recent report [18] in a similar
population (17.9%). Similarly, rate of low birth weight infants (<2,500
gm) was approximately 9.7%, which is lower than the 16.4% reported
by Yonkers and colleagues (2017) and more consistent with the
national average (8.0%) [17].

These current analyses suggest that tobacco use in combination

with benzodiazepine may be driving negative outcomes. Yonkers et
al (2017) prospectively examined a cohort of 2,654 pregnant women
with similar sociodemographic characteristics to our population
examining exposure to psychotropic medications (11.0% serotonin-
reuptake inhibitors, 2.5% benzodiazepine exposed (n=67).18 Data was
gathered at three time points via phone interview at prior to 17 weeks’
gestation, 28 (+2) weeks’ gestation, and 8 (+4) weeks postpartum with
definition of exposure not clearly defined. In this previous report,
neither panic disorder or generalized anxiety disorder were associated
with negative outcomes and when controlling for other factors such
as tobacco, heavy drinking, and illicit substance use benzodiazepine
exposure was only significant for increase odds of cesarean delivery
(2.45 95% CI 1.36-4.40). Both our study and this previous study
included high rates of tobacco use at 13.3 and 14.7 %, respectively.18

We found that only those infants with concomitant tobacco use
and benzodiazepine exposure were at increased risk of low birth
weight. A strong association between tobacco use and low birth
weight has been established in multiple studies [19,20]. Adults
with psychiatric illness, specifically anxiety, are more likely to use
tobacco [20] and are therefore at greater risk of multiple exposures.
Considering these factors, pregnant women with benzodiazepine use
may need additional educational emphasis regarding negative effects
of tobacco use during pregnancy.

Psychiatric diagnosis, specifically post-traumatic stress disorder,
had a significant interactive effect that seems protective against
cesarean section deliveries. In this study, benzodiazepine use in
women with post-traumatic stress disorder but no tobacco use was
associated with lower likelihood of receiving a cesarean section
and benzodiazepine use was associated with higher risk of cesarean
deliveries if moms used tobacco use but without post-traumatic stress
disorder suggesting further the negative outcomes of tobacco exposure
in these high risk populations. Only women with self-reported
unplanned pregnancies and benzodiazepine were at higher risk of
preterm deliveries. Our sample did have lower number of unplanned
pregnancies than the national average, which is likely indicative of the
strength of the sample being well educated, having full prenatal care,
and higher socioeconomic status, therefore reducing these potential
confounds. Due to these factors, the elevated rate of preterm delivery
in our sample is not well understood and warrants further attention.

The study has several potential limitations that warrant
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discussion. The homogeneity of the population limits the ability to
generalize these findings to other populations. However, the cohort
is devoid of many of the psychosocial and socioeconomic factors
that could impact outcome supporting our efforts to isolate the
impact of benzodiazepines in the population most likely to receive a
benzodiazepine. Exposure to benzodiazepine was based on maternal
report, and while prospective documentation of exposures is more
accurate than retrospective report in perinatal studies optimally
prescription filling records and/or laboratory confirmation may have
enhanced the accuracy of determining exposures [21]. There are
always concerns of the impact of patient adherence to medication
regimens or underreporting of medication use. The indication for
benzodiazepine use and dose was also not consistently documented;
however, exposure to medications is thought to be more prudent
with dosing typically not correlating with outcomes. Outcomes are
dependent on the accuracy of the medical record and individuals
recording outcomes were not blinded to benzodiazepine exposure.
The two-week duration of benzodiazepine use was chosen a priori,
and it may be that changing the duration or mg equivalents to define
exposure may have influenced the results. Further stratification of
exposure by trimester could also be of importance.

In summary, the use of benzodiazepines in pregnancy has
historically been discouraged. In this study, women with perinatal
benzodiazepine use also had high rates of tobacco use, were less
educated and more likely to have an anxiety disorder. The concurrent
use of benzodiazepines and tobacco was associated with increased
risk of low birth weight infants and cesarean delivery. The presence
of post-traumatic stress disorder diagnosis seemed to be protective
for cesarean delivery. These findings underscore the importance
of examining concomitant exposures during the perinatal period,
particularly tobacco. Focusing on the effects of concomitant exposures
and treatment of nicotine use disorders during pregnancy is an area
of further interest.

Compliance with Ethical Standards

All procedures performed in studies involving human participants
were in accordance with the ethical standards of the institutional
and/or national research committee (Emory University Institutional
Review Board) and with the 1964 Helsinki declaration and its later
amendments or comparable ethical standards”.
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