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During the past three decades, the opioid epidemic has
developed into a major public health issue, characterized by
a fivefold increase in the incidence of opioid use disorder
(OUD) among adults in the United States [1]. From 1999 to
2016, a total of 231,264 men and 120,366 women died from
opioid-related causes across the United States [2]. A unique
characteristic of the current epidemic is its penetration into
rural America [1], placing great stress on nonurban legal
and medical systems, which are particularly ill-equipped to
deal with increasing numbers of OUD patients. There is
recent evidence that the situation is becoming increasingly
dire: overdoses from opioids increased 30% from July, 2016
to September, 2017 in 52 jurisdictions in 45 states [3]. The
widespread use of prescription opioids to treat chronic,
nonprogressive musculo-skeletal pain is one important
factor in the increase in OUD prevalence over the past 25
years [4, 5]. It has been estimated that 80% of new heroin
users initiated illicit opioid use with a PO [6].
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One consequence of the fivefold increase in the incidence of
OUD among adults has been a similarly large increase in
the rate of infants born to mothers with active OUD [7].
Because opioid alkaloids are lipid-soluble and freely cross
the placenta, these infants have neonatal opioid withdrawal
syndrome (NOWS), also known as neonatal abstinence
syndrome (NAS; ICD-10 code is P96.1, neonatal with-
drawal symptoms from maternal use of drugs of addiction).
NOWS was first identified in the 19th century as congenital
morphinism [8]. Signs typically appear 18-72 h after birth,
often peaking between 34 and 50 h after birth, and include a
persistent high-pitched cry, hyper-reactivity to environ-
mental stimuli, gastrointestinal distress, sleeplessness,
increased muscle tone, exaggerated Moro response, hyper-
reflexia, diaphoresis, fever, ineffective sucking motions,
rhinorrhea, vomiting, diarrhea, tachypnea, and seizures in
the most severe cases [9]. Severity is often quantified sev-
eral times daily, in a neonatal intensive care unit (NICU),
using a modified Finnegan Scale [10], with scores con-
sistently >8 indicating a need for pharmacotherapy with an
opioid agonist. These infants often are treated in NICUs for
1-3 weeks. Treatment may include minimizing environ-
mental stimuli (keeping the swaddled infant in a darkened
quiet room with mother) and a decreasing dose schedule of
an opioid, often morphine or buprenorphine [11] or
methadone [12]. Polysubstance abuse often characterizes
the maternal clinical history throughout pregnancy [13],
bringing into question the role of these other substances in
the NOWS clinical presentation.

An indication of the magnitude of the NOWS epidemic
in some geographical regions of the US can be derived from
electronic health record (EHR) data in northeastern and
central Pennsylvania, a largely rural area characterized by
few economic opportunities, poverty, and limited educa-
tional resources. Geisinger is an integrated health care
system (14 hospitals and >100 primary care practice sites),
with ~2 million patients. Geisinger has had an EHR since
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Table 1 ICD10 codes for mothers of NOWS babies at Geisinger (526 infants born to 473 mothers, 11/2007-4/2019)

ICD10 ICD10 Description Count 3 calls %3 calls
009.899 Supervision of other high risk pregnancies, unspecified trimester 332 70.19
099.320 Drug use complicating pregnancy, unspecified trimester 279 58.99
F11.20 Opioid dependence, uncomplicated 273 57.72
Z72.0 Tobacco use 159 33.62
F32.9 Major depressive disorder, single episode, unspecified 152 32.14
F19.20 Other psychoactive substance dependence, uncomplicated 151 31.92
B18.2 Chronic viral hepatitis C 149 31.50
734.80 Encounter for supervision of other normal pregnancy, unspecified 141 29.81
trimester

723 Encounter for immunization 138 29.18
009.893 Supervision of other high risk pregnancies, third trimester 138 29.18
F17.200 Nicotine dependence, unspecified, uncomplicated 136 28.75
099.330 Smoking (tobacco) complicating pregnancy, unspecified trimester 132 2791
779.891 Long term (current) use of opiate analgesic 126 26.64
009.892 Supervision of other high risk pregnancies, second trimester 113 23.89
F19.10 Other psychoactive substance abuse, uncomplicated 109 23.04
Year 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 Total
Number of Infants born with NOWS 1 7 16 29 29 33 52 61 60 72 63 73 30 526

The most common ICD-10 codes and description of the codes are listed for women who gave birth to infants with NOWS at Geisinger during the
interval, 11/2007—4/2019. These are only those NOWS children and mothers who have been seen at Geisinger in the past 2 years, so they are active
patients. The ICD-10 code count (from a total of 473 mothers) with each ICD-10 code and the percent (from a total of 473) is given. The term,
three calls, indicates that three instances of an ICD-10 code was sufficient for that code to be included. In the bottom panel, the year of birth for the

NOWS infants is listed. Note the trend for greater numbers of NOWS infants born at Geisinger in the last decade

1996. From Geisinger EHR review, there were 672 preg-
nant women with OUD who delivered babies at Geisinger
hospitals from January 1, 2016 to August 31, 2018. This
represents 5% of all live births at Geisinger for these
30 months. During this time interval, only 14% of pregnant
women with OUD were in medication-assisted treatment at
time of delivery [14]. Clearly, more must be done to enroll
these women into medication-assisted treatment.

Little is known of the cognitive and behavioral chal-
lenges the NOWS infants face as they develop through
childhood into adolescence and young adulthood, the age
range (13-30 years) when most psychiatric disorders
emerge. Case-control studies of early childhood develop-
ment (<age ~5) for infants with prenatal opioid exposure
have reported some cognitive, psychomotor, and behavioral
deficits, when the case and control groups are carefully
matched for socioeconomic status, parental educational
achievement, and other relevant factors (for review see
Baldacchino et al.) [15, 16]. A limitation of these data
concerns the small sample sizes (<200 participants) of the
pooled studies. This meta-analysis showed that there were
statistically significant impairments in cognitive, psycho-
motor, and behavioral outcomes among the opioid exposed
participants [15, 16].

A larger study of Australian school children reported a
significant and progressive cognitive deficit among NOWS
children, worsening in early adolescence [17]. The authors
compared NOWS children born 2000-2006 with socio-
economic and demographically matched children for
national standardized test scores in grade 3 (n=1661),
grade 5 (n = 1104), or grade 7 (n = 499). In all three grades,
there were highly statistically significant deficits in reading,
arithmetic, grammar, spelling, and writing test scores for the
NOWS children, as compared to the matched controls, with
the largest deficiencies in grade 7. Among NOWS children,
29% failed to meet national minimum standards on at least
one of five tests, compared with 12% of the socioeconomic
and demographically matched controls. However, the con-
trol group may not have been well matched to the NOWS
group for parental educational achievement, parental
antenatal care, birth data (e.g., birth weight and 5 min
APGAR score), and indigenous ancestry. These potential
confounds might explain some of the group differences.
Nevertheless, these data suggest that NOWS children and
adolescents may need specific educational programs to help
them succeed in school. Defining factors that determine
susceptibility to this opioid-induced cognitive deficit is
critical to identification of the vulnerable child and
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implementation of specialized education to enhance aca-
demic success.

A phenotype potentially related to the cognitive deficits
among NOWS children is reduced head circumference
(HC). In a recent study of 858 neonates, NOWS infants
(n =429) at birth had smaller HC measurements [18]. The
smaller HCs appear to persist into childhood and adoles-
cence [19, 20]. However, there are no longitudinal studies
linking the smaller HCs at birth to cognitive deficits in
childhood.

Chronic OUD is associated with decreased volumes of
several brain regions, especially the frontal and temporal
lobes, as assessed by structural MRI (for review see Woll-
man et al.) [21]. Such volume losses are present among
OUD disorder patients maintained on methadone [22]. The
limited data from small studies suggest regional brain
volume losses (e.g., Sirnes et al.) [20] may occur in NOWS
children. Whether these regional volume losses are asso-
ciated with cognitive impairments is unknown.

Data are lacking on the psychiatric diagnoses that may
develop among NOWS children as they progress through
adolescence into young adulthood, a time when many such
disorders become common. Longitudinal well-controlled
studies of psychiatric diagnoses among these adolescent
individuals must be conducted to guide development of
prevention and early intervention strategies, leading to
improved adult outcomes. This is especially critical for
substance use disorders, which often begin in adolescence.

Whereas there are few data about the psychiatric diag-
noses, which occur in NOWS children as they progress into
young adulthood, maternal diagnoses can be made when
pregnant women with OUD present to a healthcare system
for childbirth medical care and for subsequent appoint-
ments. We examined ICD-10 codes for Geisinger NOWS
mother-infant dyads who have been seen at least once in the
past 2 years (in addition to the delivery inpatient stay) so
that there are longitudinal EHR data. With this restriction,
473 pregnant women with OUD presented to Geisinger for
delivery of 526 neonates between 11/2007 and 4/2019.
Table 1 below shows the most common ICD-10 codes for
these women. Consistent with epidemiologic data on
women with OUD, there are high rates of nicotine use
disorder and major depressive disorder [1]. At the bottom of
Table 1, the number of NOWS infants born in that calendar
year is provided. There is an ominous trend for increased
numbers of NOWS infants at Geisinger over the past
decade.

Pregnant women with OUD often have little or no pre-
natal care or OUD treatment, due to poverty, lack of access
to obstetric and addiction care (especially in rural areas),
mistrust of the healthcare system, concerns about legal
issues and risk for incarceration. In some states, these
women are committing the crime of “child endangerment”
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by using illicit opioids while pregnant. As a reflection of
these issues, only 14% of pregnant women with OUD are
on medication-assisted treatment upon presentation in labor
at a Geisinger hospital. Only 45% of women with OUD
attend their postpartum appointment at Geisinger, compared
with 72% of women without OUD [14]. Our medical sys-
tems must do more to engage these vulnerable women in
efficacious medication-assisted therapy.

Regarding genetic investigations, there have been no
genome-wide association studies of NOWS. However,
candidate gene papers have appeared (e.g., Wachman et al.)
[23], including epigenetic studies of candidate genes [24].
Unfortunately, samples sizes of these studies are small
(<100 infants). There is a clear need for development of a
consortium of NOWS investigators to achieve meaningful
sample sizes for genome-wide approaches to NOWS
genetic and epigenetic research. NIDA has begun to support
the development of such consortia (https:/grants.nih.gov/
grants/guide/rfa-files/RFA-DA-19-036.html).

The importance of genetic, epigenetic, and neurobiologic
studies of NOWS animal models cannot be overemphasized
(for review see Byrnes and Vassoler) [25]. The experi-
mental control and accessibility of CNS tissue provides key
advantages, when considering the tissue-specific epigenetic
and neurobiologic effects of neonatal opioid exposure and
the high probability of polysubstance abuse during all tri-
mesters among pregnant women with OUD.

In summary, the opioid epidemic has yielded a ~fivefold
increase in the incidence of NOWS infants. It is critically
important that we develop a better understanding of the
developmental challenges, cognitive impairments, and
psychiatric syndromes, which these children will encounter,
so that specialized educational modules, preventative pro-
grams, and early intervention paradigms may be developed.
This will require a concerted multi-faceted research effort,
including clinical studies, animal model investigations and
“omics” projects. Time is short.
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