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ABSTRACT
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Introduction

Objective: Rates of neonatal abstinence syndrome/neonatal opioid withdrawal syndrome (NAS/
NOWS), a withdrawal syndrome from opioids and other substances resulting from intrauterine
exposure, have been increasing exponentially in the U.S. To improve health outcomes, it is
important to understand population health risks, including rehospitalization and related diagno-
ses, using current data. This study will compare and describe the rates of rehospitalization, the
demographic characteristics and the rehospitalization diagnoses and age at diagnosis between
the infants affected by NAS/NOWS to those sampled who were unaffected. This study will also
describe the frequency of NAS/NOWS births per year along with a yearly comparison of readmis-
sions in those affected by NAS/NOWS to those who were not (2016-2020).

Methods: Health claims data were used to conduct a case/control study. Diagnosis codes for
neonatal withdrawal syndrome/NAS/NOWS (P04.49 or P96.1 and P96.1 alone) from 1 October
2015 to 1 June 2021 were extracted, and controls were case-matched based on month/year of
birth. Rehospitalizations following birth and the related diagnoses were described and grouped
using the Agency of Healthcare Research Quality Clinical Classifications Software Refined
Frequency distribution. The chi-square test of association and generalized estimating equation
modeling were used for data analysis.

Results: Infants affected by NAS/NOWS are 2.7 times more likely to have a rehospitalization.
White, non-Hispanic neonates (OR = 1.5; p=.007) and those infants residing in rural areas (OR
= 1.9; p<.001) were disproportionately affected. We identified a host of admission diagnoses
with increased prevalence in infants affected by NAS/NOWS when compared to those who were
not affected (e.g. infectious diseases, feeding disorders).

Conclusions: Infants with NAS/NOWS are at increased risk of rehospitalization with a host of
diagnoses, and specific demographic groups (White, rural) are more highly affected.
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(27.7/1000), and

Neonatal abstinence syndrome (NAS) is “a withdrawal
syndrome that can occur in newborns exposed to cer-
tain substances, including opioids (neonatal opioid
withdrawal syndrome [NOWS]), during pregnancy” [1].
NAS/NOWS is characterized by gastrointestinal, neuro-
logic, and autonomic signs (e.g. poor feeding, tachyp-
nea, tremors, and high-pitched cry) [2]. From 2010
to 2018, rates of NAS in the U.S. have increased from
4/1000 to 6.8/1000 newborn hospitalizations [3]. Some
U.S. states have drastically higher NAS-related
inpatient rates; specifically, Kentucky (23.1/1000

West Virginia (49.6/1000) rates are 3.9, 4.1, and 7.3
times higher than the U.S. average (6.8/1000), respect-
ively [3]. In the U.S. $573 million was spent in 2016 to
provide inpatient care to infants affected by NAS [4].
Evidence suggests that some neonates are at
greater risk of NAS; specifically, neonates born to low
income families and those residing in rural areas are
disproportionally affected (9.3/1000 births among low
income families vs. 5.7/1000 among other births; 10.6/
1000 births in rural areas vs. 6.2/1000 births in metro-
politan locations) [4,5]. Contributing to this disparity is
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the lack of access to clinical and social services in rural
areas highly affected by the opioid crisis, including
facilities that provide screening and treatment services
[5-7]. Racial and ethnic groups are also disproportion-
ately affected; specifically Whites and Native
American/Alaska Natives (10.5/1000 births — Whites;
15.9/1000 births - Native American/Alaska Natives)
[4,8]. Those receiving Medicaid insurance coverage are
also highly affected by NAS (nearly 82% of NAS births
received Medicaid insurance in 2014) with increasing
incidence rates (2.8/1000 in 2004 to 14.4/1000 in
2014) [9].

NAS/NOWS related hospitalizations and rehospitali-
zations are a significant healthcare concern [3]. Infants
diagnosed with NAS were hospitalized on average
15.9 days [4]. Hospitalization rates and related diagno-
ses for infants with NAS are similar to that of high-risk
late pre-term infants (respiratory diagnoses (36.0% vs.
39.6% for infants with NAS and high risk late pre-term
infants, respectively), possible sepsis (13.8% vs. 11.1%),
and feeding problems (11.1% vs. 10.7%)) [2]. Prior
studies suggest infants affected by NAS are 1.5-2.5
times more likely to be rehospitalized [2,10-12]. The
gaps identified in published literature include lack of
recent data on hospital readmission rates among
infants affected by NAS/NOWS who reside in regions
of the U.S. highly affected by the opioid crisis, specific-
ally the East South-Central Division of the U.S., accord-
ing to the U.S. Census Region [5,7,10].

Therefore, this study purpose was to utilize a
healthcare claims database to compare hospital read-
missions for infants affected by NAS/NOWS compared
to controls in a geographic area highly affected by the
opioid epidemic [13]. This study is based on encoun-
ters seen at one university healthcare system and
children’s hospital serving Central, Eastern, and
Southern Kentucky, which is located in the East South-
Central region of the U.S. [14]. This study will compare
and describe the rates of rehospitalization, the demo-
graphic characteristics and the rehospitalization diag-
noses and age at diagnosis between the infants
affected by NAS/NOWS to those sampled who were
unaffected. This study will also describe the frequency
of NAS/NOWS births per year along with a yearly com-
parison of readmissions in those affected by NAS/
NOWS to those who were not (2016-2020).

Methods
Procedure

This project utilized the University of Kentucky's
Clinical and Translational Science bioinformatics

services as honest brokers to obtain deidentified clin-
ical/claims data following IRB approved protocol num-
ber 45668. We extracted billed codes from UK
Healthcare for neonatal withdrawal syndrome/neonatal
abstinence syndrome/neonatal opioid withdrawal syn-
drome (NWS/NAS/NOWS; P04.49 or P96.1 and P96.1
alone) from 1 October 2015 to 1 June 2021 [15]. UK
Healthcare is one of two Level 1 Trauma Centers in
the state of Kentucky. It serves the Eastern, Southern,
and Central regions of the state. Neonates with
encounters for NWS/NAS/NOWS were identified as
cases and matched to control neonates born during
the same month and year in a 1:1 ratio. Control neo-
nates were matched at random if there was more
than one potential match based on month and year
of birth. For each cohort (cases and controls), date of
birth, sex, race/ethnicity, and county of residence of
each neonate was extracted. Using rural urban con-
tinuum codes (RUCC), county of residence was classi-
fied as urban (codes 1-3) or non-urban (4-8).

Hospital readmission and diagnosis codes

For each neonate, date of hospital readmission and
related diagnoses codes (ICD-10 codes) occurring fol-
lowing birth were extracted. For this analysis, any
readmission after the date of birth was considered a
hospital readmission. Diagnoses were collapsed using
the Agency of Healthcare Research Quality Clinical
Classifications Software Refined [16]. Those diagnoses
groupings that were present in at least 10% of the
hospital readmissions for the combined group of case
and control infants were compared between the NAS/
NOWS affected and unaffected groups.

Data analysis

Frequency distributions were used to summarize
demographic and clinical characteristics. The chi-
square test of association was used to evaluate differ-
ences between cases and controls in demographic
characteristics and diagnoses among all infants read-
mitted during the follow-up period. Generalized esti-
mating equation (GEE) modeling was used to estimate
the relative risk of hospital readmission among cases
and controls, adjusting for demographics, and preterm
status and accounting for individual matching of case
and control infants. The diagnosis of low birth weight
was considered as a covariate in the GEE modeling;
yet, there was a 92% overlap between preterm status
and low birth weight. Therefore, preterm status was
used in the GEE modeling reported in our results. All



Table 1. Comparison of infant demographic and clinical char-
acteristics between infants diagnosed with NAS and controls.
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Table 2. Generalized estimated equations modeling hospital
readmission (n = 4241).

Case (n=2248)  Control (n=2248)

n (%) or n (%) or
median (IQR) median (IQR) p
Gender .069
Male 1226 (54.5%) 1163 (51.8%)
Female 1022 (45.5%) 1081 (48.2%)
Race/ethnicity <.001
White, non-Hispanic 1999 (92.4%) 1732 (81.7%)
Black, non-Hispanic 120 (5.5%) 212 (10.0%)
Other race/ethnicity 45 (2.1%) 177 (8.3%)
County designation <.001
Urban 735 (32.9%) 1070 (48.4%)
Non-urban 1499 (67.1%) 1141 (51.6%)
Preterm <.001
Yes 609 (27.1%) 127 (5.6%)
No 1639 (72.9%) 2121 (94.4%)
Hospital readmission <.001
Yes 939 (41.8%) 311 (13.8%)
No 1309 (58.2%) 1987 (86.2%)

data analysis was conducted using SAS, version 9.4
(SAS Inc., Cary, NC) with an alpha of .05 throughout.

Results

In comparing demographics between cases (n=2248)
and controls (n=2248), a higher proportion of cases
were White, non-Hispanic (92.4% vs. 81.7%, p <.001;
see Table 1) and residing in a county designated as
non-urban (67.1% vs. 51.6%, p <.001). Cases and con-
trols did not differ by sex. A higher proportion of
cases were born prematurely (27.1% vs. 5.6%, p <.001)
and were readmitted following birth, compared to
controls (41.8% vs. 13.8%, p <.001).

Adjusting for sex, race/ethnicity, county of resi-
dence designation and preterm status, neonates diag-
nosed with NAS/NOWS had 2.74 times the rate of
hospital readmission relative to control neonates (RR
= 274, 95% Cl = 2.44-3.07, p<.001; see Table 2).
White, non-Hispanic neonates were also at increased
risk of readmission compared to those who were
Black, non-Hispanic (RR = 1.50, 95% Cl = 1.12-2.01,
p=.007), as were those residing in a county desig-
nated as non-urban (RR = 1.85, 95% Cl = 1.64-2.08,
p <.001). Rehospitalization risk did not differ by neo-
nate sex, and there was no difference in risk between
Black/non-Hispanic and infants in the Other race/eth-
nicity category, or by prematurity status.

Hospitalization was more likely among infants with
NAS/NOWS diagnosis compared with control infants
(41.8% vs. 13.8%, respectively). Of the 34 diagnoses
represented at least 10% of hospital readmissions in
the combined group of cases and controls, there were
22 which affected the case and control groups at

Estimated
relative risk (RR) 95% CI for RR p
Sex a7
Male 1.06 0.97-1.16
Female 1.00
Race/ethnicity
White, non-Hispanic 1.50 1.12-2.01 .007
Other race/ethnicity 1.31 0.86-2.01 21
Black, non-Hispanic 1.00
County designation <.001
Non-urban 1.85 1.64-2.08
Urban 1.00
Preterm birth 11
Yes 0.92 0.83-1.02
No 1.00
Cohort <.001
Case 2.74 2.44-3.07
Control 1.00

significantly different rates (Table 3). There was also
significant difference in the time frame or age at
readmission. Specifically, children affected by NAS/
NOWS were significantly (p <.001) younger when
rehospitalized with a median of three days (range:
1-13 days; mean: 54 days) compared with unaffected
children with a rehospitalization median age of
68 days (range: 20-321; mean 219). Most of the diag-
noses were more prevalent among cases than control
infants. Specifically, the most prevalent diagnoses
include newborns affected by maternal conditions or
complications of labor/delivery (95.5% vs. 17.4%,
respectively; p <.001); other specified and unspecified
perinatal conditions (75% vs. 61.2%, respectively;
p <.001); and neonatal digestive and feeding disorders
(51.1% vs. 25.1%, respectively; p <.001; Table 3).

Following an increase in NAS/NOWS between 2016
and 2017, there has been a decreasing trend in infants
affected by NAS/NOWS (Figure 1). In contrast, there
was a slight increase in readmissions in the infants
affected by NAS/NOWS from 2016 to 2019, and con-
trol group readmissions were relatively consistent over
time. Both NAS/NOWS births and rehospitalizations
decreased in 2020 relative to 2019.

Discussion

Findings from this study indicate that infants affected
by NAS/NOWS are 2.7 times more likely to have a sub-
sequent hospital admission. Our findings demon-
strated that White, non-Hispanic neonates (RR = 1.5;
p=.006) and those infants residing in rural areas (RR =
1.9; p <.001) are disproportionately affected. We iden-
tified that infants affected by NAS/NOWS are rehospi-
talized at a significantly younger age for a host of
diagnoses, with some general categories including
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Table 3. Diagnoses among case and control infants readmitted to the hospital.

% Total sample of Case (n=939) Control (n=311)

CCSR category description readmitted neonates n (%) n (%) p
Newborn affected by maternal conditions or complications 76.1% 897 (95.5%) 54 (17.4%) <.001

of labor/delivery
Other specified and unspecified perinatal conditions 64.1% 704 (75.0%) 97 (61.2%) <.001
Neonatal digestive and feeding disorders 52.1% 589 (62.7%) 62 (19.9%) <.001
Exposure, encounters, screening, or contact with 44.6% 480 (51.1%) 78 (25.1%) <.001

infectious disease
Respiratory perinatal condition 37.4% 408 (43.4%) 59 (19.0%) <.001
Encounter for observation and examination for conditions 34.7% 316 (33.7%) 118 (37.9%) 17

ruled out (excludes infectious disease, neoplasm,

mental disorders)
Hemolytic jaundice and perinatal jaundice 34.5% 378 (40.3%) 3 (17.0%) <.001
Abnormal findings without diagnosis 33.1% 305 (32.5%) 109 (35.1%) 40
Implant, device or graft related encounter 32.5% 332 (35.4%) 74 (23 8%) <.001
Short gestation; low birth weight; and fetal growth 31.0% 359 (38.2%) 8 (9.0%) <.001

retardation
Socioeconomic/psychosocial factors 28.5% 340 (36.2%) 6 (5.1%) <.001
Septicemia 27.0% 270 (28.8%) 67 (21.5%) .013
Other general signs and symptoms 26.6% 238 (25.4%) (30 6%) .072
Other specified male genital disorders 25.9% 301 (32.1%) 3 (7.4%) <.001
Cardiac and circulatory congenital anomalies 24.4% 256 (27.3%) 49 (15.8%) <.001
Respiratory distress syndrome 23.1% 258 (27.5%) 1 (10.0%) <.001
Personal/family history of disease 22.2% 214 (22.8%) 4 (20.6%) 42
Neonatal acidemia and hypoxia 20.9% 227 (24.2%) 4 (10.9%) <.001
Fluid and electrolyte disorders 20.6% 175 (18.6%) 3 (26.7%) .002
Other specified status 19.8% 179 (19.1%) 9 (22.2%) 23
Viral infection 19.8% 157 (16.7%) (28 9%) <.001
Hemorrhagic and hematologic disorders of newborn 19.4% 221 (23.5%) 2 (7.1%) <.001
Abdominal pain and other digestive/abdomen signs 17.9% 162 (17.2%) (19 9%) .28

and symptoms
Respiratory signs and symptoms 17.7% 155 (16.5%) 6 (21.2%) .059
Circulatory signs and symptoms 17.4% 165 (17.6%) 2 (16.7%) 73
Respiratory failure; insufficiency; arrest 16.0% 135 (14.4%) 5 (20.9%) .007
Other aftercare encounter 14.7% 134 (14.3%) (16 1%) 44
Contact dermatitis 14.0% 154 (16.4%) 1 (6.8%) <.001
Neonatal cerebral disorders 13.4% 149 (15.9%) 18 (5.8%) <.001
Medical examination/evaluation 13.3% 151 (16.1%) 5 (4.8%) <.001
Pleurisy, pleural effusion and pulmonary collapse 13.1% 123 (13.1%) (13 2%) 97
Bacterial infections 13.0% 123 (13.1%) (12 9%) 91
Other and ill-defined heart disease 11.8% 126 (13.4%) 2 (7.1%) .003
Other specified and unspecified lower respiratory disease 10.3% 103 (11.0%) 26 (8.4%) .19

CCSR categories presented in this table were present for at least 10% of the 1250 of readmitted neonates.

600

500

400

300

200 o

100 — —

2016 2017 2018 2019 2020

e Cases/controls per year e====Readmissons cases »Readmissions control

Figure 1. Cases, controls, and readmission per cohort yearly (year 2015 and 2021 were excluded due to incomplete yearly data.
Given the average monthly estimates based on the 5 months of available data the projected 2021 total cases would be 276. The
projected number of rehospitalizations for this same time period would be 151 for cases and 88 for controls).



infectious diseases, feeding disorders, infant growth
retardation, and socioeconomic/psychosocial factors.
We have described the trends in total cases of infants
affected by NAS/NOWS per year and then readmission
per year in cases and controls. We have identified an
interesting decrease in the number of NAS/NOWS
rehospitalizations between 2019 and 2020, which fol-
lows the consistent decline in NAS/NOWS births
between 2017 and 2020. Findings from this study not
only support prior studies, which have identified that
infants with NAS/NOWS are at higher risk for health
conditions which result in hospitalization, but these
results also provide insight into the medical problems
for which they are being treated [10].

Published studies reporting relative risk or odds
ratios for rates of hospital readmissions using case-
control studies suggest that infants affected with NAS
are 1.5-2.5 times more likely to be readmitted to the
hospital when compared to unaffected infants
[2,10,11,17]. An Australian population-based study
(2000-2011) found that infants with NAS were 3.3
times more likely to die during hospitalization when
compared to infant without NAS [10]. Increased rela-
tive risk of death (RR = 1.9), generally, have been
reported in this population [11]. Infants affected by
NAS were more likely to hospitalized for a variety of
diagnoses including but not limited to mental and
behavioral disorder (OR = 2.1), maltreatment (OR =
5.1), assault (OR = 4.3), and poisoning from opioids
(OR = 7.1) [10]. Additional medical conditions have
been identified including infectious diseases (adjusted
relative risk (aRR)=1.7); disease of the nervous system
(@RR = 2.1), respiratory system (aRR = 1.6), digestive
system (aRR = 2.1), genitourinary system (aRR = 2.3),
the skin (@RR = 3.0); injury and poisoning (aRR = 1.6);
asphyxia (@aRR = 1.6); and child abuse (aRR = 4.5) [11].
Puls et al. evaluated the risk of physical abuse hospi-
talizations in infants affected by NAS compared to
those unaffected using a national database and ICD-9
codes from 2013 to 2014 [18]. Authors reported that
the NAS group was more likely to be admitted for
physical abuse within 6 months of birth (aRR = 3.8)
[18]. Findings from these studies support the findings
of our study, which indicate that infants with NAS/
NOWS are at increased risk for hospital readmission
and these readmissions are for a wide variety of med-
ical and health-related conditions. Of interest, many of
these studies were conducted or used data from deca-
des ago, and the issue of NAS/NOWS is now more per-
vasive [9-11].

In parallel to the increased rates of NAS/NOWS
identified in rural areas, our study found that those

THE JOURNAL OF MATERNAL-FETAL & NEONATAL MEDICINE . 5

infants affected by NAS/NOWS that reside in rural
areas are at increased risk of hospitalization [4]. Similar
results were reported by Puls et al., who studied the
outcome of physical abuse specifically and identified
lower populated regions to be at higher risk for hospi-
talization in infants with NAS/NOWS (aRR = 1.5;
p=.01) [18]. Increased rates could result from the need
for additional care and at-home support post-dis-
charge which is limited by lack of access in rural areas
[19,20]. Similarly, rural communities were most
affected by the prescription opioid crisis of the 1990s,
and they continue to have staggeringly high addiction
and overdose rates when compared to the rest of the
nation [6]. It is critically important that innovative
approaches proposing structural changes in health
delivery that support the complexity of care for infants
affected by NAS and their families are developed
and evaluated.

Since 2014, there has been an effort to recognize
that NAS/NOWS management should not only focus
on supporting medical care issues but also on mater-
nal dyads using comprehensive models; however, few
standardized approaches to support families are
described in published literature [21]. Outpatient
infant weaning programs, which are multidisciplinary
team approaches to addressing the complex problems
of families affected by NAS/NOWS, have been one tac-
tic described [17,22-25]. The evidence supporting this
approach is dated and lacking with observational,
review, or retrospective studies conducted in small
samples. In addition, many of these limited studies
were conducted outside of the U.S., a significant con-
straint for comparison to evaluations of programs for
U.S. NAS/NOWS populations considering the different
health care systems internationally [22-24,26-29].
Similarly, outpatient weaning programs require
adequate interdisciplinary staffing and could be a
challenge for small rural hospitals. These programs
also rely largely on parental participation to administer
the accurate prescribed medication dose and in that
present a larger risk for medical error [10].

Since 2003 child welfare legislation has required
the use of the Plan of Safe Care (POSC), which is a sec-
tion of the Child Abuse and Prevention Treatment Act
that guides the comprehensive service management
of infants affected by NAS/NOWS [30]. Although the
National Center on Substance Abuse and Child
Welfare provides some “best practices”, and general
guidelines policies are stipulated by state-level proc-
esses [30], many state-level procedures are highly reli-
ant on social services which have limited resources in
relation to the populations in which they serve [31].
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Often the state-level process involves multiple com-
munity entities such the medical professionals, law
enforcement, social services, and the judicial system.
Communication between key stakeholders is critical to
optimal functioning, yet each system uses different
software platforms and jargon, and privacy issues
often affect communication. Interestingly, an mHealth
platform to facilitate learning and care coordination is
currently under investigation [32]. Our study findings
suggest that rehospitalization rates in infants affected
by NAS/NWOS remain a significant problem despite
POSC legislation suggesting innovative, feasible, and
pragmatic approaches to POSC needs to be investi-
gated using large-scale clinical trial design. Similarly,
quality improvement and implementation science
projects are needed to successfully apply these pro-
grams into the highly affected populations which are
impacted by social determinants of health.

Our findings report the trend in infants affected
NAS/NOWS at one university healthcare system serv-
ing the central region of Kentucky. We identified that
the number of NAS/NOWS cases in this system started
trending down in 2017 (relative to 2016) and this con-
tinued into 2020. In contrast, the number of rehospi-
talizations among NAS/NOWS infants continued to
trend upward between 2016 and 2019, only declining
in 2020. This trend is similar to that identified in state
data outside of the uptrend identified in 2019 in the
state [33]. Of great concern, the overdose rate in
Kentucky increased 48% from 2019 to 2020 [34].

Limitations

Limitations of the study include the retrospective
nature of the data used in the analysis. Our control
group was based on neonates born in the same
month and year of the infants born with NAS/NOWS
or cases as a control for seasonality of illnesses that
may spur rehospitalization. We recognize that different
matching approaches could have been used, such as
gestational age. We controlled for the diagnoses of
prematurity in our analysis of relative risk. An alternate
approach could be controlling for birthweight or ges-
tational age. However, we were unable to include
birthweight in the analysis due to poor data entry on
this variable, with some weights apparently reported
in pounds rather than kilograms. This concern is some-
what mitigated by the observation that 92% of
included infants had agreement between preterm
birth status (yes/no) and diagnosed low birthweight
(yes/no), indicating these variables were nearly coinci-
dent. We extracted neonate with diagnoses codes for

NWS/NAS/NOWS and then identified a rehospitaliza-
tion following that admission. As such, it is recognized
that those with a more recent birth date would be fol-
lowed for a shorter duration of time. We also recog-
nize that dates of inclusion were affected by an
international pandemic which may have impacted
study findings. The magnitude of this potential effect
is outside of the scope of this project, but it worthy of
future consideration. An additional limitation, given
the use of a billed dataset, is that we are limited by
billed codes which may not have fully reflected the
underlying medical conditions (e.g. other after-
care encounter).

Conclusions

Infants affected by NAS/NOWS are 2.7 times more
likely to be rehospitalized after birth at significantly
younger ages for conditions affecting physical health
(i.e. involving most organ systems) and related to psy-
chosocial factors. In addition to NAS/NOWS status, we
identified White, non-Hispanic, and rural residing
infants to be at significantly higher risk of rehospitali-
zation. It is critically important that innovative
approaches to care are evaluated to determine best
practices. It is equally critical that dissemination and
implementation of evidence-based approaches are pri-
oritized to improve the care provided to these vulner-
able populations.
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