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Increased Severity of Neonatal Abstinence
Syndrome AssociatedWith Concomitant Antenatal
Opioid and Benzodiazepine Exposure
Lauren A. Sanlorenzo, MD, MPH,a,b,c William O. Cooper, MD, MPH,a,c,d Judith A. Dudley, BS,d Shannon Stratton, BS,d Faouzi I. Maalouf, MD,e

Stephen W. Patrick, MD, MPH, MSa,b,c,d

A B S T R A C T BACKGROUND: Polysubstance use is common among opioid-using women, yet its association with pharmacotherapy
for neonatal abstinence syndrome (NAS) remains unclear. We hypothesized that benzodiazepine exposure would
increase risk of an infant developing pharmacologically treated NAS.

METHODS: We conducted a retrospective cohort study of maternal-infant dyads enrolled in Tennessee Medicaid, using
individual-level data linkage of vital records and administrative (ie, outpatient, inpatient, and prescription) data from 2009 to
2011. These data underwent chart review from 2013 to 2016 to obtain clinically relevant exposure data (eg, toxicology testing).
The association of antenatal exposures with pharmacologically treated NAS was evaluated by using multivariable logistic
regression, controlling for maternal and infant factors and clustered by hospital.

RESULTS: Among 112 029 maternal-infant dyads, we confirmed 822 cases of NAS, of which 598 (72.7%) were cases of
pharmacologically treated NAS. Infants who developed pharmacologically treated NAS were more likely to have been
exposed to antenatal benzodiazepines compared with infants with confirmed NAS not treated pharmacologically
(40.9% vs 30.8%; P 5 .008). In adjusted analyses, benzodiazepine exposure was associated with greater risk of
developing pharmacologically treated NAS (odds ratio: 1.51; 95% confidence interval: 1.04–2.21). Alternatively,
exposure to tobacco, marijuana, cocaine, gabapentin, and selective serotonin reuptake inhibitors were not associated
with increased risk of developing pharmacologically treated NAS.

CONCLUSIONS: Among a population of infants with intrauterine polysubstance exposure, benzodiazepine exposure
was an independent predictor of an infant developing pharmacologically treated NAS. Obtaining history of antenatal
benzodiazepine exposure among opioid-exposed infants may allow for risk stratification and development of
personalized care plans.
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Opioid use in the United States increased
sharply over the previous 2 decades,
including among pregnant women.1,2

Pregnant women who use opioids have
higher rates of polysubstance use compared
with pregnant women who do not use
opioids.3,4 For example, when compared with
pregnant women who do not use an opioid,
pregnant women who use or are prescribed
opioids are more likely to use legal
substances (eg, alcohol and tobacco), illicit
substances (eg, cocaine and marijuana), and
be prescribed psychoactive medications (eg,
gabapentin, antidepressants, and
benzodiazepines).5,6 Use of multiple
substances places a pregnant woman and
her developing fetus at an increased risk for
adverse outcomes, including maternal
overdose, preterm labor, and stillbirth.7–9

Neonatal abstinence syndrome (NAS) is a
postnatal withdrawal syndrome exhibited by
a subset of opioid-exposed infants.10 NAS is
characterized by hyperactivity of the central,
autonomic, and gastrointestinal systems
with a wide spectrum of clinical symptoms
ranging from increased tone and tremors to
more severe manifestations, including poor
feeding, sleep disturbances, and seizures.
Infants with severe manifestations of the
syndrome often require pharmacotherapy,
prolonging their hospital course.11 Over the
last decade, the incidence of NAS increased
nearly sevenfold and, in 2014, accounted for
an estimated $500 million in hospital costs
nationwide.12–14 However, factors that
contribute to disease severity remain poorly
understood.15 In previous studies,
researchers evaluated the association of
polysubstance use among infants with NAS
and demonstrated that exposure to
additional substances may alter the severity
and timing of onset of withdrawal
symptoms.16–18 However, much of this
literature has been conducted in infants
exposed to maternal methadone, which may
limit generalizability to other populations. In
other research, the association of multiple
substance use was evaluated by grouping
together the effect of coexposure to
benzodiazepines, cocaine, or opioids in
addition to methadone, limiting the ability to
understand the association of individual
substances with NAS severity.19 To fill these
gaps, we studied a cohort of pregnant

women with infants who were diagnosed
with NAS to determine which substance
exposures increased risk of
pharmacologically treated NAS. We
hypothesized that benzodiazepine exposure
would increase risk of an infant developing
pharmacologically treated NAS.

METHODS
Study Design and Setting

This retrospective cohort study was
conducted by using data from TennCare,
Tennessee’s Medicaid program. The
Medicaid program is an ideal source of data
for infants with NAS because .80% of
infants diagnosed with the syndrome are in
the program in the United States.14 Medicaid
administrative data were combined with vital
records to create maternal-infant dyads for
women and infants enrolled in TennCare.
These data included outpatient, inpatient, and
prescription data and underwent extensive
chart review between 2013 and 2016. By
using a standardized data collection process,
chart review allowed for detailed
understanding of antenatal exposures and
outcomes. The study was approved with a
waiver of informed consent by our medical
center institutional review board, the
Tennessee Department of Health, and the
Bureau of TennCare.

Cohort Assembly and Outcome

Maternal and infant dyads were included in
the study if (1) the mother was 15 to
44 years old at the time of delivery; (2) the
mother was enrolled in TennCare at least
30 days before delivery; (3) the infant was
enrolled in TennCare within 30 days of
delivery; and (4) the infant was born
between January 1, 2009, and December 31,
2011. By using these criteria,
112 029 maternal-infant dyads were
identified. Infants with NAS were identified
by using a 2-step process. First, all
administrative records were screened for
the presence of the International
Classification of Disease, Ninth Revision,
Clinical Modification (ICD-9-CM) code 779.5,
drug withdrawal syndrome in the newborn,
in any diagnostic field. Medical records
were requested for infants when
779.5 appeared in any diagnostic field. All
medical records obtained (87% of

requested) underwent a standardized
chart review and adjudication process to
confirm the diagnosis of NAS and obtain
additional clinical information.20 The
adjudication process was performed by
2 independent physicians using a
standardized algorithm. On review of the
medical charts, some hospitals presumptively
treated opioid-exposed infants and discharged
them home early. To account for this practice,
we defined pharmacologically treated NAS as
an infant treated with a medication for NAS
that had a length of hospital stay $5 days.21

Infants treated nonpharmacologically were
defined as infants with confirmed NAS who
were not treated with a medication for NAS
(Fig 1). Infants with iatrogenic withdrawal
were excluded.

Exposures

Maternal substance use was captured by
multiple sources, including chart review,
prescription claims, birth certificate data,
claims data, and maternal and infant
toxicology results. Opioid exposures were
categorized as immediate release (IR) (eg,
Percocet and Vicodin) or sustained release
(SR; eg, MS Contin). Maintenance
medications (eg, buprenorphine and
methadone) were combined with SR. Opioid
and benzodiazepine exposures were
captured by outpatient prescription claims,
positive maternal or infant toxicology test
results at the time of delivery, and chart
review. Additional prescription medication
exposures included selective serotonin
reuptake inhibitors (SSRIs) and gabapentin
that were captured by outpatient
prescriptions filled within the last 30 days of
pregnancy or chart review. Illicit drug
exposures, including tetrahydrocannabinol
(THC), cocaine, methamphetamines, and
phencyclidine (PCP), were captured by
positive maternal or infant toxicology test
results at the time of delivery or chart
review. Tobacco use during pregnancy was
captured by birth certificate data and claims
data by using ICD-9-CM diagnostic codes for
tobacco use (305.1, V15.82, 989.84, and
649.03; Supplemental Tables 4–6).

Maternal and Infant Characteristics

Maternal and infant demographic
information was obtained from birth
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certificates, including maternal age, years
of education, race, and infant sex. Birth
weight and gestational age were obtained
from infant birth certificate. Because the
opioid-using population is at increased risk
for hepatitis C (HCV),22,23 depression, and
anxiety,24 we obtained data for all mothers
from birth certificates and hospital
administrative records by using the

following diagnostic codes: HCV: 070.41,
070.44, 070.51, 070.54, and 070.73;
depression: 296.23, 296.33, and 311; and
anxiety disorder: 300.3. Respiratory
distress and poor feeding are 2 common
clinical manifestations of NAS; as such, data
on these symptoms were obtained for all
infants in the study.15 Clinical signs of
respiratory distress and feeding difficulties,

including transient tachypnea of newborn
(770.6), meconium aspiration syndrome
(770.1, 770.11, and 770.12), respiratory
distress syndrome (769.3), other neonatal
respiratory diagnoses (770.3, excluding the
codes mentioned above and 770.7), and
feeding difficulty (779.33), were obtained
from hospital administrative records by
using the aforementioned diagnostic codes.

FIGURE 1 Flowchart for cohort derivation. Flowchart depicting how the study population was defined.
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Data Analysis

We used t tests for continuous variables and
x2 tests for categorical variables for
univariate analysis. A logistic regression
model was fit with exposures chosen a
priori on the basis of the literature and
clinical relevance. The model outcome was
the development of pharmacologically
treated NAS and opioid type, infant sex,25

infant birth weight, infant gestational age,26

maternal HCV, antenatal tobacco,16

benzodiazepine, THC, cocaine, SSRI,16 and
gabapentin27 exposure as predictors.
Maternal HCV status was included in the
model as a proxy for intravenous drug use.
The model was clustered by hospital site.
Two sensitivity analyses were performed,
one in which the infants without an opioid
exposure confirmed in the medical record
were excluded and another in which
possible cases and controls were excluded
as defined by the adjudication process
(Supplemental Tables 4–6).

RESULTS

We collected data for 598 infants with
pharmacologically treated NAS,
224 nonpharmacologically treated
infants with NAS, and their respective
mothers. Mothers of infants with
nonpharmacologically treated NAS and
pharmacologically treated NAS were similar

with regard to race, years of education, and
rates of depression or anxiety (Table 1).
Mothers of infants with pharmacologically
treated NAS were significantly more likely
than mothers of infants with
nonpharmacologically treated NAS to have
HCV (14% vs 8%, P 5 .03) and were older
(average age of 26.2 vs 25.5 years, P 5 .05).
Infants had similar rates of prematurity, low
birth weight status, sex, and rates of
feeding difficulties; however, infants with
pharmacologically treated NAS were more
likely to have respiratory complications
than infants with nonpharmacologically
treated NAS (27% vs 19%; P 5 .02).

The type of opioid exposure varied among
the cohort. Exclusive exposure to IR opioids
was more common among infants with
nonpharmacologically treated NAS
compared with infants with
pharmacologically treated NAS (47.7% vs
36.6%, P5 .004). Exposure to both IR and SR
opioids was more common among infants
with pharmacologically treated NAS as
compared with infants with
nonpharmacologically treated NAS (40.1% vs
25.4%, P , .001). Across both groups, 3% of
infants did not have an opioid exposure
confirmed by medical record review.
Sensitivity analyses excluding infants
without an opioid exposure confirmed in

medical record were similar to our primary
analysis (Supplemental Tables 4–6).

Infants with nonpharmacologically treated
NAS and pharmacologically treated NAS
were frequently exposed to multiple
substances. Both groups had similar rates
of exposure to tobacco, THC, cocaine,
methamphetamines, PCP, SSRIs, tricyclic
antidepressants, and gabapentin. However,
infants with pharmacologically treated NAS
were significantly more likely to have had
antenatal exposure to benzodiazepines as
compared with infants with
nonpharmacologically treated NAS (40.9% vs
30.8%, P 5 .008; Table 2). In adjusted
analyses that accounted for maternal HCV,
prematurity, infant sex, opioid type, and
exposures to other substances (including
tobacco, marijuana, cocaine, gabapentin,
and SSRIs), pharmacologically treated NAS
was associated with opioid and
benzodiazepine exposures. Benzodiazepine
exposure was associated with 51%
increased odds of an infant developing
pharmacologically treated NAS (odds ratio:
1.51; 95% confidence interval: 1.04–2.21).
Exposure to IR opioids was associated with
greater risk of pharmacologically treated
NAS (odds ratio: 1.65; 95% confidence
interval: 1.01–2.69), as was exposure to SR
opioids (odds ratio: 2.06; 95% confidence
interval 1.41–3.02; Table 3).

DISCUSSION

In this retrospective cohort study of
.800 infants with NAS, infants exposed to
benzodiazepines had .50% increased odds
of developing pharmacologically treated
NAS after controlling for additional
exposures and characteristics. This
association was significant both in
univariate analysis and in the prespecified
multivariable logistic regression model,
providing evidence that among infants with
NAS, antenatal benzodiazepine exposure
confers increased odds of an infant
developing pharmacologically treated NAS.

This large population-based cohort, which
underwent extensive chart review to detail
antenatal exposures, builds on earlier work
in which researchers identified an
association between NAS severity and
antenatal benzodiazepine exposure.
Seligman et al28 found an adjusted mean

TABLE 1 Maternal and Infant Characteristics Among Infants Diagnosed With
Pharmacologically Treated NAS and Nonpharmacologically Treated NAS

Maternal Characteristics Nonpharmacologically Treated
NAS, n 5 224

Pharmacologically Treated
NAS, n 5 598

P

Age in y, mean 25.5 26.2 .05

Education in y, mean 12 12 .98

Race, n (%)

African American ,10a (1.8) 15 (2.5) .54

White 220 (98) 583 (97) .47

Depression or anxiety, n (%) 41 (18) 120 (20) .57

HCV, n (%) 19 (8) 84 (14) .03

Infant characteristics, n (%)

Preterm (,37 wk gestational age) 41 (18) 92 (15) .31

Low birth wt (,2500 g) 50 (22) 131 (21) .89

Female 110 (49) 274 (45) .40

Respiratory complications 44 (19) 165 (27) .02

Feeding difficulties 16 (7) 54 (9) .39

Seizures ,10a (0.45) 24 (4) .008

a Values of ,10 suppressed.
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length of treatment of NAS to be 14.4 days
longer for infants of mothers receiving
methadone with concomitant
benzodiazepine use compared with those
without concomitant use. Importantly, in our
study, we demonstrate the relationship
between antenatal benzodiazepine exposure
and NAS severity in a cohort of women with
variable antenatal opioid exposure, not
limited to methadone, increasing the
generalizability of our results. In another
study in methadone-maintained women,
Cleary et al19 demonstrated that

concomitant drug use (defined as additional
opioid, benzodiazepine, or cocaine use in
maternal urine toxicology testing in the
4 weeks before delivery or neonatal urine
toxicology testing in the first days of life)
was associated with a longer median
duration of hospitalization (6 vs 5 days, P 5
.03). Rather than reliance on intermittent
toxicology testing, the chart reviews that we
performed enabled clear delineation of
individual exposures. Our findings differed
from those of Dryden et al,29 whose
retrospective analysis found that

benzodiazepine coexposure in mothers on
methadone did not confer increased odds of
pharmacologically treated NAS after
controlling for confounders with
multivariable logistic regression modeling.
The difference from our results may be
explained by the variety of maternal opioid
exposure in our study population.

Benzodiazepines are known to potentiate
the action of the g-aminobutyric acid
receptor, the most common inhibitory
neurotransmitter in the central nervous
system.30 Isolated benzodiazepine
withdrawal has been described in the adult
psychiatric literature; however, it is not well
described in the pediatric setting.30,31

Isolated benzodiazepine withdrawal is
characterized by anxiety, tremors,
confusion, insomnia, and convulsions. Thus,
the clinical manifestations of the infants
with pharmacologically treated NAS in our
study may have been due to simultaneous
withdrawal of both benzodiazepine and
opioid that could not be clinically
differentiated.

Our findings have heightened significance in
light of emerging data in which the
significant rise in the concurrent use of
opioids and benzodiazepines is
demonstrated.5,32 Sun et al32 found an
80% relative increase in concurrent
benzodiazepine and opioid use from 2001 to
2013, which was associated with increased
risk of an emergency department visit,
inpatient admission, or opioid overdose
among a privately insured adult population.
The combination of opioids and
benzodiazepines is associated with an
increased risk of death from overdose.33

As a result, the Centers for Disease Control
and Prevention and Food and Drug
Administration have made policy changes
focused on increasing the public
understanding of the dangers of concurrent
benzodiazepine and opioid use. These
changes include the addition of boxed
warnings and creation of patient-focused
medication guides for prescription opioids
and benzodiazepines.34,35

Our findings contribute to the growing
body of research focused on identifying the
key drivers of NAS severity.18,36 Notably, in
our study, we focused on the role of

TABLE 2 Bivariate Analysis of Licit and Illicit Exposures Among Infants With Pharmacologically
Treated NAS and Nonpharmacologically Treated NAS

Exposure Nonpharmacologically Treated
NAS, n (%)

Pharmacologically Treated
NAS, n (%)

P

Illicit substances

THC 68 (30) 155 (25) .20

Cocaine 19 (8) 66 (11) .28

Methamphetamines ,10a (2) 20 (3) .41

PCP ,10a (0.9) ,10a (1.3) .60

Additional substances

Benzodiazepines 69 (30.8) 245 (40.9) .008

SSRIs 33 (14.7) 102 (17.1) .4

Tobacco 176 (78.5) 491 (82.1) .25

Gabapentin ,10a (1.3) 16 (2.7) .26

Tricyclic antidepressants ,10a (2.2) ,10a (1.5) .47

a Values of ,10 suppressed.

TABLE 3 Multivariable Logistic Regression Analysis of Infant Characteristics and Exposures
Associated With Pharmacologically Treated NAS

Exposure aOR 95% Confidence Interval P

Infant characteristics

Female 0.88 0.65–1.19 .42

Low birth wt (,2500 g) 1.08 0.70–1.68 .71

Preterm (,37 wk gestation) 0.70 0.46–1.06 .09

Opioid exposure type

IR opioid 1.65 1.01–2.69 .04

SR opioid 2.06 1.41–3.02 ..001

Additional licit and illicit exposures

Tobacco 1.13 0.70–1.83 .59

SSRIs 1.17 0.70–1.94 .54

Benzodiazepine 1.51 1.04–2.21 .02

THC 0.77 0.54–1.09 .14

Cocaine 1.38 0.81–2.36 .22

Gabapentin 1.64 0.51–5.2 .40

Maternal HCV infection 1.53 0.77–3.02 .22

aOR, adjusted odds ratio.
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coexposures modifying the severity of NAS
in contrast to the Patrick et al16 study in
which researchers identified SSRI and
tobacco coexposure increasing the
likelihood, not severity, of developing NAS.
Future research could use multiple factors,
including benzodiazepine exposure, as part
of a clinical prediction rule to make care for
opioid-exposed infants more efficient after
birth. Currently the American Academy of
Pediatrics recommends that all opioid-
exposed infants be observed in the hospital
for 4 to 7 days.10 Without the ability to
identify infants at high risk for disease
expression and severity, both clinicians and
policymakers are limited in their ability to
stratify risk or create risk-specific policy
statements. As the number of infants with
NAS continues to rise, applying knowledge
of risk prediction to clinical care will
become increasingly important to
improving the quality of care delivered to
opioid-exposed infants.

LIMITATIONS

Our study has several limitations to
consider, several of which are specific to the
use of administrative data. Factors distinct
from infant signs or symptoms that may
have influenced the decision to treat are
unknown; however, we clustered by hospital
to account for hospital-level variation in
treatment decisions. Prescription claims
data for benzodiazepine provided limited
exposure data because of TennCare policies
during the study period that restricted
payment for this drug. This limited our
ability to quantify benzodiazepine exposure
and specific timing within the pregnancy.
The reliance on self-report of substance
exposure during pregnancy may have
resulted in some cases of exposure
misclassification. Toxicology testing used to
define exposures, including testing of urine,
umbilical cord, blood, and meconium, was
conducted at hospitals across the state with
the laboratory using different testing
procedures with varying sensitivity and
specificity for identifying drugs of interest.
The data source is restricted to 1 state,
Tennessee, and is reflective of the study
period (2009–2011), which may not reflect
current drug use patterns, potentially
limiting generalizability. However, the use of

multiple data sources allowed for a detailed
understanding of antenatal exposures and
the ability to focus on individual exposures
and their association with disease severity
among a population-based cohort.

CONCLUSIONS

In a large, population-based, retrospective
cohort study supplemented by chart review,
we found that antenatal benzodiazepine
exposure is associated with .50%
increased odds of an infant developing
pharmacologically treated NAS. Prescribing
providers for pregnant women should
consider the adverse maternal and
neonatal outcomes associated with
concomitant benzodiazepine and opioid
exposure, exercise caution when
prescribing benzodiazepines, and warn
pregnant women about the risks of taking
them without prescription. Pediatricians
caring for opioid-exposed infants should be
aware of the increased risk for the
development of pharmacologically treated
NAS in the setting of antenatal
benzodiazepine coexposure.
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