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Abstract:

Objectives: To evaluate the trend and to assess the impact of maternal region of residence in Western New York (WNY), on
severe neonatal opioid withdrawal syndrome (NOWS).

Methods: Term infants’ born at gestational age greater than or equal to 37 weeks with severe NOWS, defined as withdrawal
resulting in receipt of pharmacologic therapy from WNY admitted to our Neonatal Intensive Care Unit (NICU) from 1/1/2008 tu
12/31/2016 were included. Severe NOWS admission to our NICU from the 5 regions: Urban North, Erie Coastal, Niagara Fron-
tier, Southern Tier, and Urban South were controlled with birth and insurance data

Results: Urban south residence was associated with increased risk of severe NOWS (adjusted odds ratio 1.8 (97.5% confidence
interval: 1.1 - 2.9). The trend in admission for severe NOWS doubled between 2008-10 and 2014-16 (p=0.01). More infants
born to maternal non-prescribed opioid users were placed in foster care at discharge (36.5% vs. 1.9%, p<0.001).

Conclusion: In WNY, neonates born to mothers from the urban south were twice at risk of being admitted for severe NOWS. A
third of severe NOWS after non-prescribed opioid use were placed in foster care. Implementing targeted strategies at the com-
munity level may help improve outcomes in NOWS.

Corresponding Author:
MD Praveen Chandrasekharan, University at Buffalo Jacobs School of Medicine and Biomedical Sciences, Pediatrics, Buffalo, United
States, pkchandr@buffalo.edu, cpraveenkumar25@yahoo.com

Affiliations:

Deepika Sankaran, University of California Davis, Pediatrics, Sacramento, United States

Deepika Sankaran, University at Buffalo Jacobs School of Medicine and Biomedical Sciences, University at Buffalo Jacobs School of Medi-
cine and Biomedical Sciences, Buffalo, United States

Shikha Rawat, Stony Brook University The State University of New York, Stony Brook University The State University of New York, Stony
Brook, United States

[..]

Praveen Chandrasekharan, University at Buffalo Jacobs School of Medicine and Biomedical Sciences, Pediatrics, Buffalo, United States

This is a PDF file of an unedited manuscript that has been accepted for publication. As a service
to our customers we are providing this early version of the manuscript. The manuscript will

undergo copyediting, typesetting, and review of the resulting proof before it is published in its o
final form. Please note that during the production process errors may be discovered which could Thl e I I l e
affect the content, and all legal disclaimers that apply to the journal pertain.

.‘_é
=
i)
<
IS
ke
(0]
o
ey
i=)
<
>
Q.
o
(@]
)
>
T
=}
[©]
-
=
o]
ke
(]
kel
&
o
c
=
o
[a}
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Abstract

Objectives To evaluate the trend and to assess the impact of maternal region of residence in
Western New York (WNY), on severe neonatal opioid withdrawal syndrome (NOWS).

Methods Term infants’ born at gestational age greater than or equal to 37 weeks with severe
NOWS, defined as withdrawal resulting in receipt of pharmacologic therapy from WNY
admitted to our Neonatal Intensive Care Unit (NICU) from 1/1/2008 to 12/31/2016 were
included. Severe NOWS admission to our NICU from the 5 regions: Urban North, Erie Coastal,
Niagara Frontier, Southern Tier, and Urban South were controlled with birth and insurance data
Results Urban south residence was associated with increased risk of severe NOWS (adjusted

odds ratio 1.8 (97.5% confidence interval: 1.1 — 2.9). The trend in admission for severe NOWS
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doubled between 2008-10 and 2014-16 (p=0.01). More infants born to maternal non-prescribed
opioid users were placed in foster care at discharge (36.5% vs. 1.9%, p<0.001).

Conclusion In WNY, neonates born to mothers from urban south were twice at risk of being
admitted for severe NOWS. A third of severe NOWS after non-prescribed opioid use were
placed in foster care. Implementing targeted strategies at the community level may help improve

outcomes in NOWS.

Key Points:
e Maternal region of residence is a risk factor for severe neonatal opioid withdrawal.
¢ Admissions for severe neonatal opioid withdrawal trended up from 2008-10 to 2014-16.
e A third of the infants born to mothers on non-prescribed opioids were discharged to foster

care.

Opioid use in the United States of America (USA) has been declared an epidemic and a national
crisis.! This crisis is attributed to the widespread use of both non-prescribed/illicit and prescribed
opioids that has been catapulting over the past two decades.” Among the 2 million Americans
currently dependent on opioids, many are women of childbearing age.’ The rate of maternal
opioid use has increased from 1.5 to 6.5 per 1000 deliveries from 1999-2014 along with an
increase in health care expenditures related to neonatal opioid withdrawal syndrome (NOWS).*¢
State and federal policies to combat this epidemic have slowed the increase in prescription drug
abuse although there has been an increase in non-prescribed opioid use and subsequent

mortality.”®
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Previously known as neonatal abstinence syndrome, NOWS is defined by an array of signs and
symptoms of withdrawal in infants after in-utero exposure to opioids.’ The incidence of NOWS
has been reported to be as high as 20 cases per 1000 live births.'"” Neonates requiring
pharmacotherapy are often considered to have severe NOWS and monitored in the neonatal
intensive care unit (NICU) with prolonged length of stay adding to the economic burden. The
average cost per infant with NOWS has been reported as $ 22,552 with highest total costs for
births covered by Medicaid ($ 477 million)." The impact of maternal epidemiological and
environmental factors (maternal race, socioeconomic and education status, that are variable with
maternal zone of residence) could potentially help in identifying women of childbearing age who
are at risk of opioid dependence, which in-turn could aid in targeting preventive interventions at
the community level to decrease the incidence and economic burden of NOWS. In infants with
severe NOWS, pharmacotherapy is recommended in addition to non-pharmacological measures.®
To date, there are no studies exploring the influence of maternal geographical zone of residence
on and its association with severe NOWS admission. Our primary objective was to determine if
the maternal region of residence is associated with increased risk of admission for severe
NOWS. Our secondary objective was to evaluate the trends in severe NOWS over a nine-year
period and to describe the maternal and infant characteristics amongst infants with severe NOWS

born to mothers on non-prescribed and prescribed opioids, respectively.

Methods:
The Institutional Review Board at The State University of New York at Buffalo approved the
study with waiver of informed consent (STUDY00002861). Data for this retrospective cohort

study were obtained from the electronic medical records in the Regional Perinatal Center (RPC:
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Women and Children’s Hospital of Buffalo/ John R. Oishei Children’s Hospital), Buffalo, NY.
The RPC is located in the Urban North region of Erie County, NY, USA. Our level IV NICU, is
a tertiary care center and a regional referral center, which caters to 11 hospitals in the Western
New York region. There is one other level III NICU in Urban North region of Erie County that
admit infants with severe NOWS. We do not have data from this center.

Data on severe NOWS: Newborn infants born at >37 weeks gestational age (GA) in Erie County
and admitted with the diagnosis of NOWS requiring pharmacotherapy (“severe NOWS”) to our
NICU at Buffalo from 1/1/2008 to 12/31/2016 were included."' Preterm and late preterm
neonates were excluded due to inherent differences in their characteristics including birth
weights, length of stay and prematurity related morbidities. Infants with iatrogenic withdrawal
from opioids administered as medical treatment (e.g., sedation) and infants with the diagnosis of
neonatal abstinence syndrome due to maternal use of substances of abuse that were exclusively
non-opioids (such as tetrahydrocannabinol or cocaine) were excluded. During the study period,
the modified Finnegan scoring system was consistently utilized to assess the severity of NOWS

and to direct therapy.

Maternal characteristics: The following maternal demographic data were collected: age, marital
status, self-disclosed race/ethnicity, health insurance and zone of residence. “Non-prescribed
opioid use” was defined as exposure to illicit opioids such as heroin, fentanyl, or prescription
opioids (such as methadone, buprenorphine etc.) that were being used without a prescription
during pregnancy. “Prescribed opioid use” was defined as exposure to opioid medications
prescribed by a clinician to the mother during the current pregnancy. Obstetric and past medical

history, including information on type of opioid use from maternal history (non-prescribed vs.
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prescribed), history of chronic painful conditions, physical/sexual/domestic abuse and
psychiatric history obtained from medical records, and urine toxicology results at the time of
delivery (which has a limitation of reliably detecting substance abuse only for 24-48 hours). In
addition, information on maternal tobacco use, season of delivery and custody of previous
children were also collected. We evaluated the effect of season of birth on admission for severe
INOWS due to reported higher adverse effects including opioid use-related deaths in winter
months. * Based on the zone improvement plans (ZIP) in Erie County (location of the RPC),
maternal zones of residence were identified and coded with random alphabets to protect patient

information.

Infant characteristics: Information on infant characteristics including GA at birth, birth weight,
sex, diet at discharge, discharge weight, type of health insurance, length of stay (LOS) and
custody of infant at the time of discharge were collected. All patient identifiers were coded and

the code key was stored separately.

Erie County data (https://www.health.ny.gov/statistics/chac/perinatal/): To study the effect of
the maternal region of residence on the rate of admission with severe NOWS , we identified the
maternal zone of residence for all live term infants >37 weeks born in Erie County during the
same period."” Data on birth, maternal characteristics including race and education levels are
available from 2008 to 2016 in the public database, for each of these 3-year periods (2008-2010,
2011-1013, and 2014-2016) and were used with permission. The number of term births from
2008 to 2016 in 39 zones of residence (that contributed to severe NOWS ) in Erie County was

78,961." Vermette et al. divided WNY to four regions based on climate zones."* We further
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divided Urban into Urban North (UN) and Urban South (US) (as designated by Buffalo City
Council) geographically based on location. Percentages of severe NOWS admissions to our
NICU were compared based on maternal region of residence from these 5 regions: UN, US, Erie

Coastal (EC), Niagara Frontier (NF) and Southern Tier (ST) (Figure 1).

Data presentation and statistical analysis: Categorical data are presented as numbers and
percentages and continuous data are presented as mean and standard deviation or median and
interquartile ranges. Categorical variables were analyzed by chi-square test, parametric
continuous variables by t-test and non-parametric continuous variable by Wilcoxon-rank-sum
test. A logistic regression analysis was performed to assess the associated risk factors for severe
NOWS admissions, such as total live term births, total admissions to the NICU during the study
period, maternal race, educational status, and source of health insurance. Since the hospital is
located in Urban North region, we chose this region as a reference to compare the regional
differences in severe NOWS admission to our unit. To understand the change in number of
severe NOWS admission we controlled the birth data for insurance information (whether they
were Medicaid beneficiaries) in the years 2008-2010, 2011-2013, and 2014-2016, using 2008-
2010 as reference. The statistical analysis was conducted using SAS version 9.4 software and R

studio, and all tests were performed with a nominal significance level of 0.05.

Results:
During the study period there were 3683 admissions of term infants born at GA >37 weeks.
Among them, 291 neonates were admitted from Erie County and had the diagnosis of neonatal

abstinence syndrome or neonatal opioid withdrawal syndrome (8% of all NICU admissions); 160
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were excluded (17 had iatrogenic withdrawal, 125 neonates whose mother was not on any opioid
but were on tetrahydrocannabinol or cocaine, and 18 were repetitions- duplication of the same
patient being transferred from a Level II affliliated facility-Millard Fillmore Suburban Hospital
sharing electronic records with the RPC, Figure 1).

Out of 126 neonates who met inclusion criteria, 74 (58.7%) were born to mothers on non-

prescribed opioids and 52 (41.3%) to mothers on prescribed opioids.

Maternal opioid use (Table 1): Self-reported Caucasian mothers constituted 73% and 78.9% of
the mothers on non-prescribed and prescribed opioids, while self-reported African American
mothers constituted 14.9% and 11.6% respectively. Distribution of maternal age, parity and
marital status was similar between the two groups. Non-prescribed opioid-dependent mothers
trended to be Medicaid beneficiaries compared to those on prescribed opioids, although not
statistically significant (p=0.08). Fifty-three percent and sixty percent of mothers in non-
prescribed and prescribed groups respectively had mental health concerns that were not
associated with pregnancy (Table 1). About 18% of the mothers on non-prescribed opioids did
not have custody of their previous children compared to about 2% of mothers on prescribed
opioids (p< 0.01).

Region of residence and severe NOWS: Using UN as controls, infants with severe NOWS born
to mothers from US had higher chances of admission to our NICU (Figure 3). Figure 3 shows the
percentage of term infants diagnosed with severe NOWS out of all term infants born in our
hospital during the study period from each zip code in Erie County. While the eastern part of the
county tends to have a lower proportionate incidence of severe NOWS, the southern and certain

western areas have higher incidence. Logistic regression analysis using the incidence of severe
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NOWS as the dependent variable and region dummies as explanatory variables showed that
Urban South had a higher (at 1% level of significance) incidence of severe NOWS relative to
UN.

The trend in admissions for severe NOWS: The overall trend in severe NOWS has doubled from
0.11% of total term births in 2008-10 to 0.22% of total term births in 2014-16 (p=0.01) (Figure
4).

Infant outcomes: Birth weights, GA, sex distribution and LOS were not different between infants
born to mothers on non-prescribed vs. prescribed opioids (table 2). The racial distribution (self-
reported by mothers) are also show in table 2.A third of the infants with severe NOWS were
Medicaid beneficiaries. One-third of all infants born to mothers who were on non-prescribed
opioids were placed in foster care (36.5% vs. 1.9%, p<0.001) while 98.1% of the infants born to
mothers on prescribed opioids were discharged with custody to the mother without need for

supervision (p< 0.01).

Discussion:

In our single-center study, we present data over the 9-year study period from 39 zones in Erie
County, Buffalo, NY. Between 2008 and 2016 there has been a significant increase in the
number of admissions for neonates with severe NOWS to our NICU in spite of a stable reported
population (figure 4)." The increasing trend is similar to that of opioid use and NOWS in
USA.'*" Use of both non-prescribed and prescribed opioids has increased in women of
childbearing age, despite the restrictions that have recently been introduced.'®"® Honein et al.
have highlighted the opioid crisis as a “public health emergency of our time.”*° Our data support

the dire need for focused strategies at the community level to address this crisis during
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pregnancy. Disrupting opioid use in a long-term user during pregnancy could lead to untoward
effects. However, a reduction in opioid overprescribing is feasible with effective interventions as
previously described by Mesenberger et al.*"**

To our knowledge, we report the first association between the maternal zone of residence
and its influence on opioid use during pregnancy leading to severe NOWS. Patrick S.W et al.
observed geographic variation in NOWS from a nation-wide sample of hospital discharges.
Previous studies have found that the incidence of NOWS varies significantly among the states.
The geographic variations in NOWS are consistent with the variations in opioid pain prescribing
practices and use of synthetic opioids; the incidence of NOWS and maternal opioid use was
disproportionately higher in rural relative to urban counties.***” We identified high-risk zones of
maternal residence where the use of non-prescribed and prescribed opioids leading to severe
NOWS was higher compared to the other zones. Patrick S.W et al., have reported an association
of NOWS with the 10-year unemployment rate and mental health clinician shortage at a county
level.” Guy et al. have described the factors implicated in the mechanism of increased risk in
certain areas, which included racial differences (non-Hispanic White), metropolitan status, lack
of high school education, higher unemployment, lower proportion of population younger than 25
years, higher Medicaid enrollment, lower concentrations of primary care physicians and mental
health care clinicians per 100,000 persons, and higher rate of opioid prescriptions per 100
persons.” As the next step, we intend to investigate specific factors playing a role in the urban
south region contributing to higher severe NOWS admissions to our institution

Racial differences have been reported in the incidence of NOWS.° Based on the 2010
census, self-reported Caucasians constituted 46% and self-reported African Americans

represented 37% of the population in Buffalo.* The racial distribution of opioid-dependent
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mothers in the current study are consistent with the racial/ethnic differences reported in opioid

prescribing for pain management in adults in the emergency department.*'

Previously a large
database study reported differences in hospital admission for NOWS based on race ''. Significant
racial and ethnic disparities in prenatal receipt of medication for opioid use disorder has been
reported from a state-wide database in Massachusetts **. We did not find any racial predilection
with opioid use during pregnancy leading to severe NOWS, however NOWS infants managed
with non-pharmacological measures were not included in our study and our sample size was
small. While acknowledging that our numbers are small, 6/11 (55%) of AA infants and 2/4
(50%) of Hispanic infants went into foster care, while only 19/49 (20%) of Caucasian infants
were placed in foster care (table 2). Future studies are warranted that evaluate racial distributions
and indications for foster care placements.

Approximately half of our maternal population, regardless of the type of (non-prescribed
vs. prescribed) opioid use, were Medicaid beneficiaries. Presence of maternal mental health
comorbidities in our study is a significant association that needs to be addressed during health
promotion in women of childbearing age. Psychosocial and economic factors influence maternal
opioid use and can negatively impact the living conditions for the neonates *’. Additionally, we
attempted to evaluate if the season of birth (winter vs summer months) could affect severe
NOWS due to severe winters in Buffalo, but we did not find an association.

Infants born to mothers on non-prescribed opioids had higher rates of being cared for by
foster parents. Based on data from 580 USA counties and 8 states between 2009 and 2017, Loch
et al recently reported that every diagnosis of NOWS among 10 births was associated with 41%
higher rate of foster care placement, while rural county of residence was associated with 19%

higher rate of foster care placement *. These reinforce the findings of the child welfare system
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that reported an increase of >10,000 infants in foster care over 7 years in the past decade, most of
which was secondary to parental substance abuse **. Mother-infant bonding during the neonatal
period promotes wellbeing in both the mother and the infant. Children who are raised in foster
care have increased vulnerability to psychopathology, and expressive and receptive language
delays, demonstrating the importance of social enrichment, although early placement reduces the
risk significantly.***® In addition, children placed in foster care are 2-3 times as likely to have
adverse social issues as adults.* Recent studies have also shown that infants with NOWS can
have educational disabilities affecting their school performance.***' In the future, more research
is needed to study the effect of maternal non-prescribed and prescribed opioid use and
developmental outcomes in the offspring. Additionally, similar studies performed at population-
level in different geographical areas may provide more pertinent data to develop targeted
strategies at the community level. Moreover, larger multi-center observational studies may
provide valuable input on risk factors including racial, socioeconomic and geographical
predisposition to severe NOWS.

Some of the barriers faced at the community level in the care for opioid-dependent
women are inadequate access to contraception and treatment for opioid dependence, fewer
options for medication-assisted therapy during pregnancy, lack of expertise among providers
caring for them and limited resources for their care.*** Strategies that could have a significant
impact include emphasis on health education in women of childbearing age (preconception) and
pregnant women belonging to high-risk areas, providing nonjudgmental, enduring support by
removing the stigma associated with opioid dependence, and improving social perceptions, and
education of clinicians to enhance their knowledge on the specialized and comprehensive care of

opioid-dependent pregnant women, with a focus on mental health.* Establishing provider-patient

11
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partnerships with regards to risk factors, setting goals and expectations, optimizing the access to
medication-assisted treatment, and increasing the involvement of the mothers at the bedside in
management of NOWS in the form of kangaroo care and breastfeeding, with alternate ways of
NOWS scoring (such as “Eat, Sleep, Console”), could play a role in improving the overall care
and cost-effectiveness in management of NOWS.** Organizations such as The Center for
Substance Abuse Prevention of the Substance Abuse and Mental Health Services
Administration (SAMHSA) support the implementation of such effective preventive
interventions.

There are several limitations to our study. Although a large data set was included over a
9-year period, we did not study the effect of maternal non-prescribed vs. prescribed opioid use
on NOWS admissions managed with non-pharmacological interventions alone, since these
infants were not admitted in our NICU. We also did not have access to data for all the women
belonging to childbearing age group who were on opioids in WNY to study the overall effect and
were limited to the data of maternal information obtained from infants admitted to the NICU.
This is a single center study and infants with severe NOWS admitted to another level 11T NICU
in Buffalo were not included. We did not collect data on toxicology screening of the infant’s
urine or meconium due to inconsistencies in the documentation. Furthermore, we did not identify
specific risk factors in the Urban South region that contributed to higher severe NOWS

admissions, and this requires adequately powered and focused studies.

Conclusion:
There has been a significant increase in severe NOWS admissions to our NICU located in Erie

County reflecting an increase in opioid use in women of childbearing age. We report a

12
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geographical predilection for maternal use of opioids (both non-prescribed and prescribed),
which has had a significant impact on their infants being admitted to NICU for severe NOWS.
Though Federal and State policies and restrictions have been brought about to restrict
prescription opioid use, they need to be complemented by implementing preventive strategies
targeting the high-risk communities to potentially decrease non-prescribed and prescribed opioid

use in pregnant women, and improve care for mother-infant dyad.
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Figure 2: Consort flow diagram: Consort diagram representing the process of data collection.
Figure 3: Percentage of term infants admitted with severe NOWS out of all term infants
born during the study period from each zip code in Erie County. While the eastern part of
the county tends to have a lower proportionate incidence of severe NOWS, the southern and
certain western areas have higher incidence. Logistic regression analysis using the incidence of
severe NOWS as the dependent variable and region dummies as explanatory variables showed
that Urban South had a higher (p<0.001) incidence of severe NOWS relative to UN. Compared
to UN (control), there was a higher chance of NICU admission for severe NOWS from US, ST,
NF and EC. UN, Urban North. US, Urban South. ST, Southern Tier. NF, Niagara Frontier. EC,

Erie Coastal.
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Figure 4: The trend in severe NOWS admission: The overall trend in severe NOWS

admissions has doubled between 2008-10 and 2014-16 (0.11% to 0.22%) (p=0.01), with 2008-10

as the reference period.

Table 1: Description and comparison of maternal characteristics between those on non-

prescribed and prescribed opioids respectively.

Variable Mother on non- | Mother on p-value
prescribed prescribed
opioids (n=74) opioids (n=52)
Age distribution in years n (%)
<20 7(9.5) 3(5.8) 0.95
21-25 25 (33.8) 18 (34.6)
26-30 23 (31.1) 13 (25.0)
31-35 14 (18.9) 10 (19.2)
36-40 3@4.1) 2(3.8)
>41 1(1.3) 2(3.8)
Not reported 1(1.3) 4(7.7)
Self-disclosed Race/ ethnicity n (%)
Caucasian 54 (73.0) 41 (78.9) 0.94
African American 11 (14.9) 6 (11.6)
American Indian/ Alaskan 1(1.3) 1(1.9)
Hispanic 4 (5.4) 2(3.8)
Not reported 4(5.4) 2(3.8)
Marital status n (%)
Unmarried 61 (82.4) 42 (80.8) 0.83
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Married 7 (9.4) 7 (13.5)
Divorced/ separated 3(4.1) 1(1.9)
Not reported 3(4.1) 2(3.8)
Parity n (%)
Primiparous 15 (20.3) 8 (15.4) 0.91
Multipara (2-4) 43 (58.1) 32 (61.5)
Grand multipara (=5) 15 (20.3) 11 (21.2)
Not reported 1(1.3) 1(1.9)
Place of delivery n (%)
Inborn' 36 (48.6) 34 (65.4) 0.06
Outborn 38 (51.4) 18 (34.6)
Season of delivery n (%)
Winter 33 (44.6) 30 (57.7) 0.15
Summer 41 (55.4) 22 (42.3)
Maternal urine toxicology result at delivery n (%)
Opioids only 25(33.8) 23 (44.3) 0.03*
More than one in addition to opioid? 19 (25.7) 5(9.6)
Negative 14 (18.9) 9(17.3)
Cocaine 12 (16.2) 0 (0)
THC 6 (8.1) 2(3.8)
Not Available 8 (10.8) 13 (25.0)
History of Polysubstance abuse/ recreational 9(12.2) 7 (13.5) 0.83

drug use n (%)
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History of alcohol use during pregnancy n (%) 6 (8.1) 0(0) 0.24

History of tobacco smoking n (%) 41 (55.4) 25 (48.0) 0.42

Medicaid beneficiaries/ public source of 50 (67.6) 27 (51.9) 0.08

prenatal care payment n (%)

Maternal psychiatric disorder n (%)

Depression 16 (21.6) 17 (32.7) 0.71
Bipolar disorder 6 (8.1) 4(7.7)

Anxiety 11 (14.9) 10 (19.2)
Post-partum depression 4(5.4) 0(0)
Post-traumatic stress disorder 2(2.7) 0(0)

Maternal history of chronic painful condition n (%)

Chronic back pain/ kidney stones 8 (10.8) 15 (28.8) 0.66
Injury/ surgery 7 (9.5) 5(9.6)
Migraine 2(2.7) 2(3.8)
Fibromyalgia 1(1.3) 3(5.8)
Crohn’s disease 1(1.3) 0(0)
Maternal history of abuse- (physical, domestic, 2(2.7) 1(1.9) 1

or sexual) n (%)

History of > 1 abortions n (%) 36 (48.7) 33 (63.5) 0.10
Mother does not have custody of other 13 (17.6) 1(1.9) <0.01*
children n (%)

*p-value significantly different (p<0.05)
"Inborn: born in the RPC. Outborn: born in a different hospital and transferred to RPC.

*Screens that were positive for more than one were counted in their individual category in addition to
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the “More than one in addition to opioid” category

THC: Tetrahydrocannabinol

Table 2: Comparison of infant characteristics between those with severe NOWS born to mothers

on non-prescribed vs. prescribed opioids.

Table 2: Infant characteristics

Variable Mother on non- | Mother on p-value
prescribed prescribed

opioids (n=74) opioids (n=52)

Gestational age (weeks) mean (standard 38.5(1.2) 38.4 (1.2) 0.67
deviation)
Gender n (%)
Male 41 (55.4) 30 (57.7) 0.80
Female 33 (44.6) 22 (42.3)

5 min Apgar score n (%)

>5 72 (97.3) 52 (100) 1
<5 2(2.7) 0 (0)
Birth weight (kg) mean (standard deviation) 3.0 (0.5) 3.1(0.5) 0.24
Discharge weight (kg) mean (standard deviation) 3.3(0.7) 3.3(0.8) 0.83

Infant diet at discharge' n (%)

Formula 70 (94.6) 43 (82.7) 0.04*
Breastmilk 3(4.0) 9(17.3)
Mixed 1(1.4) 0 (0)

Infant Calorie (Kcal/oz) intake at discharge n (%)
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20 Kcal/oz 55 (74.3) 30 (57.7) 0.12
22-24 Kcal/oz 16 (21.6) 20 (38.5)
>27 Kcal/oz 3(4.1) 2(3.8)
Medicaid beneficiaries n (%) 24 (32.4) 15 (28.8) 0.67
Length of stay/LOS (days)” median (interquartile 15.5 (8-35) 18.5 (8-27) 0.83
range)
Infant’s custody at discharge n (%)
Foster care 27 (36.5) 1(1.9) <0.001*
Adoption 4(5.4) 0(0)
Custody to mother, without supervision 37 (50.0) 51(98.1)
Custody to mother with supervision 4(5.4) 0(0)
Racial distribution of infants placed in foster care n (%)
Caucasian 19/ 27 (70.3) 0 (0) 0.19 |
African American 5/ 27 (18.5) 1 (100)
Hispanic 2/ 27 (7.4) 0(0)
Not reported 1/ 27 (3.7) 0(0)

Infants placed in foster care from each Race n (%) (number of severe NOWS infants belonging to that

Race as denominator)

Caucasian 19/54 (35.2) 0
African American 5/11 (45.5) 1/6
Hispanic 2/4 (50) 0
Not reported 1/4 (25) 0

N/A

*p-value significantly different (p<0.05)
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Continuous data presented as mean (standard deviation)

Categorical data presented as number (percentage), compared by Chi-square test or Fisher exact as
appropriate.

'"Data on feeding were missing for 1 infant in non-prescribed group whose care was transferred to a
different center.

°LOS presented as median (interquartile ranges)
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Supplement table 1

Non-prescribed

Prescribed

Type of opioid exposure based on

history n (%)

Polysubstance abuse/
recreational drug use: 9

(12.2%)

Polysubstance abuse/
recreational drug use: 7

(13.5%)

Non-prescribed®: 4

(5.4%)

Non-prescribed®: 0

(0.0%)

Prescribed/natural®; 40

(54%)

Prescribed/natural®; 41

(78.8%)

Non-prescribed

+prescribed: 19 (25.7%)

Non-prescribed +

prescribed: 0 (0.0%)

Unclassified: 6 (8.1%)

Unclassified: 4 (7.7%)

<0.01*

*Non-prescribed opioids based on history: heroin and fentanyl

®Prescribed/ natural opioids: buprenorphine, codeine, fentanyl, hydrocodone, hydromorphone,

kratom, methadone, morphine, norbuprenorphine, nubain, opium, oxycodone, oxymorphone,

Percocet, suboxone, subutex, tramadol

Supplement table 2

Region N TOTAL 126
UN 41

us 65

EC 12

NF 5

ST 3
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78,961 Total births

1/1/2008-12/31/2016

237 weeks from

291 neonates with severe

NOWS

126 neonates with

160 excluded because:
17 had iatrogenic withdrawal
125 in whom mother was not on opioid
18 due to repetition

severe NOWS

74 neonatesin non-prescribed
group

52 neonatesin prescribed
group
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Incidence of severe NOWS 2008 - 10 Incidence of severe NOWS 2011 - 13 Incidence of severe NOWS 2014 - 16

-

Number of Cases * fH Number of Cases T Humber of Cases

¥

1
: - I : L
o8 ‘, g

Cl OR 25% 875%

Year_2008-2010 Ref

medicaid 0.75 0.51 1.09
Year_2011-2013 1.42 0.89 2.31
Year_2014-2016 2.03 131  3.21

Cl — confidence interval, OR — odds ratio

Percentage of term infants admitted with severe NOWS out of all term infants born during the study period

Cl
region_UN
medicaid
region_EC
region_NF
region_ST
region_US

Cl — confidence interval, OR — odds ratio

OR

Ref
0.73
1.02
1.01
1.32
1.76

2.5%

0.49
0.62
0.30
0.21
1.1

from each zip code in Erie County

. 7

: ﬂ,- Percentage
97.5% 0
| 10.0299 10 0.0903)
1.07 " 10.0903 10 0.1448)
1.72 [0.1448 to 0.2084)
2.62 [0.2084 to 0.3829)
;;g [0.3829 to 0.9870]
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