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ABSTRACT

Introduction: Increasing rates of neonatal abstinence syndrome (NAS), most commonly linked to
maternal opioid use, are a growing concern within clinical and public health domains.

Objectives: The study aims to describe the statewide burden of NAS and maternal substance

use, focusing on opioids in Wisconsin from 2009 to 2014.

Methods: Trends in NAS and maternal substance use diagnosis rates were calculated using

Wisconsin’s Hospital Discharge Data. Demographic and payer characteristics, health service utili-
zation, and clinical outcomes were compared for newborns with and without NAS. Demographic
and payer characteristics were compared between women with and without substance use iden-

tified at time of delivery.

Results: Rates of NAS and maternal substance use, most notably opioid use, increased signifi-
cantly between 2009 and 2014. The majority of newborns diagnosed with NAS, and women
identified with substance use, were non-Hispanic, white, and Medicaid-insured. Disproportionate
rates of NAS and maternal opioid use were observed in American Indian/Alaska Native and
Medicaid populations compared to white and privately insured groups, respectively. Women age
20-29 years had the highest rates of opioid use compared to the reference group (10-19 years).
0dds of adverse clinical outcomes and levels of health service utilization were significantly

higher for newborns with NAS.

Conclusions: Similar to trends nationally, our findings show an increase in maternal opioid use
and NAS rates in Wisconsin over time, with disproportionate effects in certain demographic
groups. These findings support the need for targeted interventions in clinical and public health
settings aimed at prevention and burden reduction of NAS and maternal substance use in

Wisconsin.
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BACKGROUND
The use of drugs during pregnancy, both
illicit and prescribed, can lead to negative
consequences for mothers and newborns.
Of particular concern amidst the current
epidemic of opioid use and abuse in the
United States is the increasing number of
infants born with physical dependence to
opioids taken by the mother.14 Known
as neonatal abstinence syndrome (NAS),
this condition encompasses a constellation
of behavioral and physiological signs and
symptoms characterized by neurological
over-activity, feeding difficulties, and respi-
ratory problems, which can result in sig-
nificant medical treatment, prolonged hos-
pital stays, and increased costs in the days
and weeks following birth.5 Clinical mani-
festations of NAS depend on various fac-
tors influencing the newborn’s intrauterine
drug exposure, including the type, dose,
frequency, and metabolism of the drug
used by the mother.6 In addition to NAS,
these newborns experience higher rates
of prematurity and poor fetal growth.13-
There is also evidence of increased risks for
certain birth defects and associated neurobehavioral and develop-
mental problems later into childhood.”s

NAS can result from in utero exposure to prescription opi-
oid pain medications, heroin, methadone, and buprenorphine
used for opioid addiction treatment, benzodiazepines, barbi-
turates, amphetamines, cocaine, marijuana, and alcohol.6 The
2012-2013 National Survey on Drug Use and Health reported
that 5.4% of pregnant women age 15 to 44 years old used
illicit drugs.1© Opioid use during pregnancy rose nearly 2.5-fold
between 2001 and 2009 within a nationally representative sample
of inpatient hospital discharges.!! Looking at all women repro-
ductive age, on average 27.7% of privately insured and 39.4%
of Medicaid-enrolled women filled a prescription for an opioid
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pain medication annually in 2008-2012.12 Given that negative
effects of substance exposure can occur during the unrecognized
first weeks of pregnancy, and that half of all US pregnancies are
unplanned, the growing use and misuse of opioids in women of
reproductive age presents potential risks for mother and infant.13

Previous reports indicate that Wisconsin’s rates of opioid pre-
scribing, use, and abuse are similar to rising national trends.4 To
date, quantification of NAS and maternal substance use in the
state has been limited. The objectives of this study are to describe
the statewide burden of NAS in Wisconsin from 2009 to 2014,
including perinatal outcomes, hospital utilization trends, and dif-
ferences across demographic and payer groups between newborns
with and without a NAS diagnosis, and to describe the statewide
burden of maternal substance use identified at time of delivery
in Wisconsin from 2009 to 2014, including differences across
demographic and payer groups comparing mothers identified

with and without substance use.

METHODS
Data Source
Wisconsin’s inpatient Hospital Discharge Data (HDD) was used
to identify maternal delivery hospitalizations and hospitalizations
of newborns up to 28 days after delivery in Wisconsin facilities
from 2009 to 2014. The HDD contains all hospital admission-
discharge encounters for facilities located in Wisconsin and
includes demographic information for patients, procedure and
diagnosis codes, length of hospital stay, discharge status, and bill-
ing information (eg, payer and hospital charges). Delivery hos-
pitalizations among newborns and mothers were analyzed sepa-
rately. Hospitalization records for Wisconsin residents receiving
care in a neighboring state and within federal Veterans Affairs
hospitals are not included in the inpatient HDD.

This study used nonidentifiable patient data and was con-
sidered exempt per the Wisconsin Department of Public Health

Institutional Review Board criteria.

Study Population
Newborns—Newborn hospitalizations (referred to as newborns
in subsequent text) with a NAS diagnosis were identified using
the International Classification of Diseases, Ninth Revision, Clinical
Modification (ICD-9-CM) diagnosis code 779.5 (drug withdrawal
syndrome in newborn). Newborns were included if they were age
0-28 days at the onset of hospitalization; a range chosen based
on current knowledge of possible withdrawal symptom onset for
the substances most commonly associated with NAS.¢ The 0-28
day timeframe allowed for capturing newborns experiencing NAS
shortly after birth and those who presented with NAS after being
discharged.

Neonatal abstinence syndrome can occur due to iatrogenic

causes from hospital therapies required for other complications

in the newborn period unrelated to maternal drug use. Based
on a 2012 study by Patrick et al, newborns with select diagnoses
associated with iatrogenic causes of NAS were excluded. These
included very low birth weight (<1,500g, ICD-9-CM 765.0,
764.01-764.05, V213.1-V213.3), gestational age less than 24
weeks (ICD-9-CM 765.21), intraventricular hemorrhage (ICD-
9-CM 772.1), periventricular leukomalacia (ICD-9-CM 779.7),
necrotizing enterocolitis (ICD-9-CM 777.5), spontaneous intes-
tinal perforation (ICD-9-CM 777.6), or bronchopulmonary dys-
plasia (ICD-9-CM 770.7).1

The comparison group of newborns without NAS included
newborns born within, or en route to, the hospital during the
study timeframe. The same exclusion criteria for iatrogenic causes
of NAS were applied to this population to ensure comparable

groups.

Delivering Mothers—Delivery hospitalizations (referred to as
mothers in subsequent text) with a live birth were identified using
methods described by Kuklina et al.'> Any record containing
delivery-related procedure codes (V 720-1, V724, V726, V729,
V736, V740-2, V744, V7221, V7229, V7231, V7239, V7251,
V7253-54,V7271,V7279,V7322,V7359, or V7499), Medicare
Severity Diagnosis-Related group codes (765-768 and 774-775
or ICD-9-CM code 650) were included. Encounters with abor-
tive or abnormal pregnancy outcome codes (ICD-9-CM 630.x,
639.x, 750.x, 690.1x, 695.1x, and 749.1x) were excluded to

ensure capture of only live births.

Measures

Newborn Substance Exposure—The ICD-9-CM does not allow
for identification of a specific substance of exposure within the
779.5 NAS code. Therefore, newborn substance exposure type
was identified by searching for codes associated with a specific
drug exposure in the newborn’s hospital record.? If a substance
exposure code was identified without a concurrent diagnosis of
NAS, the newborn was excluded as a NAS case due to limitations

in confirming if the newborn suffered clinical symptoms meeting
criteria for NAS.

Maternal Substance Use—Maternal substance use was captured
by searching for select ICD-9-CM codes associated with mater-
nal substance use identified during the delivery hospitalization,
mirroring the technique used by Creanga et al.3 Mothers were
classified broadly as substance-using (any substance) or non-sub-
stance using. Substance-using mothers included those with ICD-
9-CM codes in the hospitalization record for broad drug types,
eg, opioid (including heroin, methadone, and opioid analgesic),
psychotropic (sedative, hypnotic, and tranquilizers), stimulant,
cocaine, cannabis, alcohol, tobacco, other, unspecified, and poly-
drug. llicit versus prescribed use could not be ascertained with

ICD-9-CM coding.
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Demographic Characteristicc—Newborn demographic data
examined included race, ethnicity, and sex. Maternal demo-
graphic data examined were race; ethnicity; and age, categorized
as 10-19, 20-29, 30-39, and 40-45 years. Race was classified as
white, black, American Indian/Alaska Native, and Asian or Pacific
Islander. Ethnicity classification was Hispanic or non-Hispanic.
Race and ethnicity were presented separately due to a large pro-

portion of missing race or ethnicity data for some outcomes.

Payer Source—Primary payer for each hospitalization was catego-
rized as private, Medicaid, or other (self-pay, Medicare, or unin-

sured).

Newborn Health Care Utilization—Two measures were col-
lected: length of stay (LOS) and total hospital charges, defined as
the total facility fee reported within the hospital discharge record.

Newborn Clinical Outcomes—Five outcomes were examined:
low birth weight (1500g-2500g; ICD-9-CM 764.0-764.2, 764.9,
765.0-765.1), prematurity (24-37 weeks gestation; ICD-9-CM
765.1-765.2), feeding difficulties (ICD-9-CM 779.3), respiratory
distress syndromes (ICD-9-CM 769, 770), and seizures (ICD-
9-CM 779.0, 780.3).1316 The HDD does not provide a continu-
ous measure of birth weight, thus this outcome was treated as a

dichotomous variable.

Statistical Analysis

NAS rates were calculated by year as the rate of NAS diagnoses per
1,000 delivery hospitalizations. A chi-squared test for linear trend
was used to examine significant trends over time. Descriptive sta-
tistics for demographic characteristics and payer source were gen-
erated for newborns with and without a diagnosis of NAS, and
mothers with substance use, opioid use, and no substance use.
For newborns, rates of NAS per 1,000 delivery hospitalizations
were calculated within each demographic group, and rate ratios
(RR) were computed using a reference group within each demo-
graphic or payer category. Logistic regression was used to examine
adverse clinical outcomes in newborns with NAS compared to
newborns without NAS. For continuous health care utilization
measures (LOS and total charges), the groups were compared
using Student’s t-test for continuous variables.

Maternal substance use and opioid use rates were calculated by
year as the rate of mothers with substance or opioid use identi-
fied at time of delivery per 1,000 delivery hospitalizations. A
chi-squared test for linear trend was used to examine significant
maternal substance and opioid use trends over time. Rates of any
substance use and of opioid use per 1,000 delivery hospitalizations
were calculated for each demographic and payer group. Rate ratios
were computed using a reference group within each demographic
and payer category. P-values of 0.05 were considered statistically
significant for all comparisons and statistical tests. All analyses were
conducted in SAS 9.4. (SAS Institute Inc, Cary, Noarth Carolina).

Figure 1. Rate of Neonatal Abstinence Syndrome and Maternal Opioid
Use Among Delivery Hospitalizations in Wisconsin, 2009-2014
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RESULTS

Newborn Results

A total of 2,361 newborns were diagnosed with NAS between
2009 and 2014. The rate of NAS per 1,000 delivery hospitaliza-
tions increased significantly during this time period (P for trend
<0.05), Figure 1. Ninety-two percent (n=2182) of NAS cases
were diagnosed during the delivery hospitalization. ICD-9-CM
codes for a specific substance of exposure were identified in only
17.4% (n=412) of NAS-affected newborns. Of these identified
exposures, opioids comprised 70.9% of cases.

Mean LOS for newborns diagnosed with NAS was signifi-
cantly longer compared to newborns without NAS (16.4 days,
SD=16.1 vs 2.8 days, SD=4.9, P<0.001). Mean hospital charges
were also significantly higher for newborns diagnosed with NAS
compared to unaffected newborns ($44,929, SD=58,971 vs
$5,864, SD=22,644, P<0.001).

NAS rates by demographic and payer group are presented in
Table 1. The majority of newborns with a NAS diagnosis were
non-Hispanic (73.8%), white (68.2%), and Medicaid-insured
(82.0%). Rates of NAS were higher in males and non-Hispanic
newborns. Compared to white newborns, the NAS rate was lower
in black and “other” race categories, but higher in American
Indian/Alaska Native newborns. Compared to privately insured
newborns, the NAS rate was higher for Medicaid and other-
insured groups.

The proportion of newborns with and without NAS expe-
riencing adverse clinical outcomes is presented in Table 2.
Compared to newborns without a NAS diagnosis, newborns
with NAS had significantly higher odds of low birth weight,
prematurity, feeding difficulties, seizures, and respiratory dis-
tress syndrome.
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Without Neonatal Abstinence Syndrome (NAS) in Wisconsin, 2009-2014

Table 1. Demographic Characteristics and Payer Source for Delivery Hospitalizations of Newborns With and

with any substance use were non-Hispanic

(93.4%), white (79.5%), and Medicaid-

insured (70.2%). Compared to women

Delivery Delivery
Hospitalizations  Hospitalizations NAS Rate age 10 to 19, the rate of any maternal
Without NAS With NAS Per 1,000 Rate Ratio? substance use was higher in women age 20
No. (%) No. (%) (95% Cl) (95% Cl) _
to 29, and lower in women age 30 to 39
Sexb .
and age 40 to ears. Compared to white
Female 188,589 (48.8) 1,030 (43.6) 5.4 (51,57) Ref & Sy p W
Male 198,014 (51.2) 1,331(56.3) 67(6.3,71) 12(1,1.3) women, rates of any maternal substance
Ethnicityc use were higher in black and American
Non-Hispanic 285,121 (75.0) 1,772 (73.8) 6.2 (5.9, 6.5) Ref Indian/Alaska Native women, but lower
Hispanic 27,403 (4.6) 109 (71) 40 (33,47 0.6 (0.5,0.8) in Asian/Pacific Islander and “other” race
Raced . g « »
. . her”-
White 258773 (66.9) 1,612 (68.2) 6.2 (5.9, 6.5) Ref women Medicaid ms‘fred and “other
Black 33,757 (8.) 162 (6.9) 4.8 (41,5.5) 0.8(07,0.9) insured women had higher rates of any
Asian/Pacific Islander 13,279 (3.4) 8(0.3) 0.6 (0.2,1.0) 01(0.0,0.2) maternal substance use versus privately
American Indian/Alaskan . d Simil . £
Native 3,936 (1.0) 76 (3.2) 18.9(14.6,232)  31(2.4,3.9) insured women. oimiiar comparisons o
Other 18,279 (4.7) 68 (2.9) 37(2.8,46) 0.6 (0.5, 0.8) rates between demographic groups were
Payer observed for maternal opioid use with the
Private insurance 207,528 (53.7) 294 (12.4) 1.4 (1.2, 1.6) Ref exception of age. Compared to the refer-
Medicaid 161,089 (417) 1,938 (82.0) 1.9 (11.4, 12.4) 8.4 (7.4, 9.5) 100 19 " .
Other 18,012 (4.7) 129 (5.5) 71(5.9, 8.3) 5.0 (41,6.2) ence age group (10 to 19 years), the rate o

bMissing for 26 delivery hospitalizations (<0.5%).
CMissing for 74,585 delivery hospitalizations (19.1%).
dMissing for 59,040 delivery hospitalizations (15.2%).

dRate ratios represent the rate of NAS in each group compared to the rate of NAS in the reference group

maternal opioid use was higher in women
age 20 to 29, and also in women age 30 to

39 and 40 to 55 years.

DISCUSSION

This study found increasing rates of NAS

Wisconsin, 2009-2014

Table 2. Proportions and Odds of Clinical Outcomes for Delivery Hospitalizations of Infants with NAS in

and maternal substance use, particularly
for opioids, in Wisconsin between 2009

selligny ElEn and 2014. Although analyzing mothers

Hospitalizations Hospitalizations N

Without NAS With NAS Rate Ratio? and newborns separately restricts causal

No. (%) No. (%) (95% CI) inferences, the parallel rising trends for
Low birth weight 18,981 (4.9) 349 (14.8) 3.4 (3.0,3.8) both findings is supportive of an associa-
Prematurity 27,983 (7.2) 411 (17.4) 27(2.4,3.0) tion. There was a slight decline in the NAS
Feeding difficulties 14,257 (37) 470 (19.9) 6.5(5.9,72) rate in 2014; however, this was not statisti-
Se|zu.res : 389 (0) ) R B cally different from the rate in 2013. The
Respiratory distress syndrome 31,815 (8.2) 677 (28.7) 45 (41,4.9)

decline could represent a true plateau in

a0dds ratios represent the odds of a clinical outcome for NAS.

the number of cases or be an outlier within

Maternal Results
Rates of any substance use per 1,000 delivery hospitalizations
increased from 83.0 in 2009 to 96.5 in 2014. Tobacco was the
leading substance identified (mean 4814 users per year [range
4658-5015]), followed by opioids, polydrug (defined as >1 sub-
stance), cannabis, unspecified substances, cocaine and alcohol
(Figure 2). Opioid use rates per 1,000 delivery hospitalizations
increased 3.3-fold over the study period (Figure 1, P for trend
<0.001). Rates of cannabis and polydrug use were the only other
substance categories to increase between 2009 and 2014, and to
a smaller degree than opioids, 2.1-fold and 2.0-fold, respectively.
Maternal substance and opioid use rates by demographic and
payer groups are presented in Table 3. The majority of women

290

a continued upward trend. It also might
signal improvements in the prenatal management of substance-
using mothers, in particular given the 4% rise in maternal opioid
use rates observed from 2013 to 2014.

The higher incidence of poor perinatal outcomes in newborns
with NAS certainly contributes to the observed increased health
service utilization for these newborns. These adverse outcomes
must be interpreted cautiously. Some outcomes measured are clin-
ical criteria used within symptom scoring tools to make a diag-
nosis of NAS, and therefore are expected to be more common in
newborns with this diagnosis.>¢ Causal links between poor clinical
outcomes and substance use by the mother should be considered
within the context of other potential confounding risk factors,

which were not explored in the present analysis. These include
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the impact of other clinical conditions
from which the newborn may be suffering,

as well as maternal factors such as stress,

Figure 2. Maternal Substance Use Identified During Delivery Hospitalization in Wisconsin, 2009-2014
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(eg, American Indian and Alaska Native,
non-Hispanic, and Medicaid-insured new-
borns and women; women aged 20-29 years old). Wisconsin’s
findings are comparable to descriptive analyses from other states,
including Tennessee, Ohio, Washington, and Florida, suggesting
a need for additional research, prevention and treatment invest-
ments, and nonpunitive policy initiatives targeting substance
exposure during pregnancy and associated impact on newborns
at the state and national levels.13.9.17.18

There are several limitations of this study. ICD-9-CM code
limitations, as well as variations in practice across clinical settings,
complicate the determination of a “best” definition of NAS for
accurately identifying cases caused by maternal substance use.
Some studies have included a broader array of codes to capture
NAS (eg, 760.7x, noxious influences affecting fetus or newborn
via placenta or breast milk).318 For this analysis a more conser-
vative definition was used to improve specificity at the risk of
underestimating the true burden of NAS.

The number of NAS-diagnosed newborns lacking a specific
substance exposure code, as well the newborns identified with
only an opioid exposure code but no NAS code, also may be
a product of coding obstacles and practice variations. The latter
group may contain missed NAS cases. Further challenges arise
when trying to exclude newborns with NAS due to iatrogenic
causes. The array of exclusion diagnoses used in this analysis,
while informed by previous studies, is not comprehensive.!.349
Without additional clinical information, there could be misclas-
sification of newborns with and without NAS due to maternal
substance use. Future studies should build upon existing analy-
ses to improve case ascertainment for NAS, including accurate
identification of substance exposure and appropriate exclusions

for iatrogenic causes to ensure appropriate classification of cases.

The reliance on ICD-9-CM codes captured at time of delivery
to identify maternal substance use also may underestimate the use
rates. The episode of hospital care at time of delivery is only one
snapshot within a longer prenatal course during which substance
use may have affected pregnancy. Fear of reporting substance use
due to the potential consequences, and the absence of universal
substance use screening protocols during delivery hospitalization
could result in missed cases. Future work using linked data sets,
such as HDD and birth certificate data, and exploration of the
clinical record could aid in associating newborn outcomes from
specific maternal exposures, provide additional variables of inter-
est (eg, maternal education), and enable more complex regression
analysis using continuous variables (eg, birth weight). A better
understanding of clinical coding and screening practices also may
ensure more comprehensive and consistent surveillance.

Incomplete variables within the dataset, such as missing infor-
mation for race (15.2%) and ethnicity (19.1%) in newborns,
could misrepresent the burden and disproportionate risk of NAS
across groups. Missing data is one potential explanation for the
discordance in risks observed for NAS and maternal substance use
within racial groups. Although black newborns had a decreased
risk of NAS compared to white newborns, there was an increased
risk of any maternal substance use, and specifically opioid use, in
black women compared to white women. Other factors that could
affect findings across different demographic groups include dispa-
rate screening, reporting, prescribing, or management practices.
Previous literature, for example, has shown that providers are less
likely to prescribe opioids to some minority groups compared to
whites presenting with similar medical problems.! Inclusion of

birth certificate data in future analyses may help overcome the
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Table 3. Maternal Demographic Characteristics and Payer Source for Delivery Hospitalizations With and Without Substance Use in Wisconsin, 2009-2014
Delivery Delivery Substance Delivery Opioid
Hospitalizations Hospitalizations Use Rate Hospitalizations ~ Use Rate
Without Substance Use ~ With Substance Use  Per 1,000 Rate Ratio? With Opioid Use  Per 1,000 Rate Ratio?
No. (%) No. (%) (95% Cl) (95% Cl) No. (%) (95% Cl) (95% Cl)
Age (years)P
0to 19 23,835 (6.7) 2,752 (81) 103.5 (99.6, 107.4) Ref 169 (3.8) 6.4 (5.4,74) Ref.
20to0 29 184,247 (51.9) 22,210 (65.0) 107.6 (106.2, 109.0) 1.0 (1.0, 1) 2,719 (61.2) 13.2(127,137)  21(1.8,2.4)
30to0 39 138,675 (39.) 8,721(25.5) 59.2 (58.0, 60.4) 0.6 (0.5, 0.6) 1,477 (33.2) 10.0 (9.5,10.5) 1.6 (1.3,1.8)
40 to 55 8,049 (2.3) 498 (1.5) 58.3 (53.2, 63.4) 0.6 (0.5, 0.6) 79 (1.8) 9.2 (7.2,11.2) 1.5 (11, 1.9)
Ethnicity©
Non-Hispanic 309,075 (871) 31,935 (93.4) 93.6 (92.6, 94.6) Ref 4124 (92.8) 121 (11.7,12.5) Ref.
Hispanic 32,333 (9) 1,050 (3) 31.5 (29.6, 33.4) 0.3(0.3,0.4) 211 (4.8) 6.3(5.4,7.2) 0.5 (0.5, 0.6)
Raced
White 270,777 (76.3) 27178 (79.5) 91.2 (904, 92.3) Ref 3,476 (78.2) 1.7 (1.3,12) Ref.
Black 35,934 (101) 4,225 (12.4) 105.2 (102.0, 108.4) 1.2(11,1.2) 558 (12.6) 13.9 (127, 154) 1.2 (11,1.3)
Asian or Pacific

Islander 15,453 (4.4) 421(1.2) 26.5 (24.0, 29.0) 0.3(0.3,0.3) 45 (1.0) 2.8 (2.0,3.6) 0.2 (0.2,0.3)
American Indian/

Alaskan Native 3,864 (1.1) 1,066 (3.1) 216.2 (203.2,229.2) 2.4(2.2,2.5) 134 (3.0) 272 (226,31.8) 2.3(2.0,2.8)
Other 18,249 (5.) 592 (1.7) 31.4(28.9, 33.9) 0.3(0.3,0.4) 114 (2.6) 6.1(5.0,7.2) 0.5 (0.4, 0.6)
Payer
Private insurance 211,382 (59.6) 8,696 (25.4) 39.5(38.7,40.3) Ref 1,400 (31.5) 6.4(61,6.7) Ref
Medicaid 131,440 (37) 23,985 (70.2) 154.3 (152.3, 156.3) 3.9(3.8,4.0) 2,858 (64.3) 18.4 (17.7,19.) 2.9(27,39)
Other 11,988 (3.4) 1,500 (4.4) 111.2 (105.6, 116.8) 2.8(2.7,3.0) 186 (4.2) 13.8(11.8,15.8) 2.2 (1.9, 2.5)
aRate ratios represent the rate of substance use or opioid use in each group compared to the rate of substance use or opioid use in the reference group.
bMissing for 9 women with no substance use (<0.5%) and 9 women with no opioid use (<0.5%).

Missing for 13,401 women with no substance use (3.8%), 1,197 women with substance use (3.5%), and 109 women with opioid use (2.5%).
dMissing for 10,533 women with no substance use (3.0%), 700 women with substance use (2.1%), and 117 women with opioid use (2.6%).

gaps in newborn demographic information observed in this study.

Despite these limitations, this study describes the growing bur-
den of NAS and maternal substance use, particularly of opioids,
in Wisconsin. The findings, supplemented by a growing body
of literature showing the potential negative impacts of NAS and
maternal opioid use during and beyond the perinatal period, pro-
vide evidence for targeted investments in clinical, public health,
and policy initiatives aimed at all levels of prevention and care
for mothers and newborns, paying particular attention to those
populations with the highest burdens and risks. Early interven-
tions, ideally preventing an opioid-affected pregnancy in the first
place, should be top priority.

The ever-growing public health conversation and heightened
clinical awareness of NAS and maternal opioid use may help
overcome some of the aforementioned challenges of this study
through increased diligence in screening, diagnosis, and documen-
tation. Some states have developed universal substance screening
procedures for delivering mothers and infants, mandated report-
ing policies, and statewide real-time surveillance mechanisms to
better capture maternal substance use and subsequent newborn
impacts.®18 Wisconsin has not implemented such strategies,
making up-to-date and accurate monitoring more challenging.
Conversations between clinical providers, policy decision-makers,
public health professionals, and community organizations can

lead to improved surveillance approaches, better interventions

for substance-using mothers and their children, and prevention
strategies that will be essential to ensure the best birth outcomes
possible in light of increasing opioid use in Wisconsin and across
the nation.

Funding/Support: This study was supported in part by an appointment to
the Applied Epidemiology Fellowship Program administered by the Council
of State and Territorial Epidemiologists (CSTE) and funded by the Centers
for Disease Control and Prevention (CDC) Cooperative Agreement Number
1U380T000143-02. The Wisconsin Partnership Program, in support of the
University of Wisconsin Preventive Medicine Residency Program, provided
additional funding.

Financial Disclosures: None declared.

Planners/Reviewers: The planners and reviewers for this journal CME activ-
ity have no relevant financial relationships to disclose.

REFERENCES

1. Patrick SW, Schumacher RE, Benneyworth BD, Krans EE, McAllister JM, Davis MM.
Neonatal abstinence syndrome and associated health care expenditures: United States,
2000-2009. JAMA. 2012; 307(18):1934-1940.

2. Association of State and Territorial Health Officials. Neonatal Abstinence Syndrome:
How States Can Help Advance the Knowledge Base for Primary Prevention and Best
Practices of Care. http://www.astho.org/prevention/nas-neonatal-abstinence-report/.
Published 2014. Accessed November 18, 2016.

3. Creanga AA, Sabel JC, Ko JY, et al. Maternal drug use and its effect on neonates: a
population-based study in Washington State. Obstet Gynecol. 2012;119(5):924-933.

292 WMJ e DECEMBER 2016



4. Tolia VN, Patrick SW, Bennett MM, et al. Increasing incidence of the neonatal
abstinence syndrome in U.S. neonatal ICUs. N Engl J Med. 2015;372:2118-2126.

5. Kocherlakota P. Neonatal abstinence syndrome. Pediatrics. 2014;134(2):e547-e561.
6. Hamden A. Neonatal Abstinence Syndrome. Medscape. http://emedicine.medscape.
com/article/978763-overview. Last updated Nov. 27, 2016. Accessed December 15,
2016.

7. Broussard CS, Rasmussen SA, Reefhuis J, et al; and the National Birth Defects
Prevention Study. Maternal treatment with opioid analgesics and risk for birth defects.
Am J Obstet Gynecol. 2011; 204(4):314,e1-11.

8. Wahlsten VS, Sarman I. Neurobehavioural development of preschool-age children
born to addicted mothers given opiate maintenance treatment with buprenorphine
during pregnancy. Acta Paediatr. 2013; 102(5):544-549.

9. Bauer A, Li Y. Neonatal Abstinence Syndrome and Maternal Substance Abuse in
Tennessee, 1999-2011. Tennessee Department of Health, Nashville, TN. https://www.
tn.gov/assets/entities/health/attachments/Neonatal_Abstinence_Syndrome_and_
Maternal_Substance_Abuse_in_Tennessee_1999-2011.pdf. Published 2013. Accessed
December 10, 2016.

10. Substance Abuse and Mental Health Services Administration, Results from the

2013 National Survey on Drug Use and Health: Summary of National Findings, NSDUH
Series H-48, HHS Publication No. (SMA) 14-4863. Rockville, MD: Substance Abuse and
Mental Health Services Administration. https://www.samhsa.gov/data/sites/default/files/
NSDUHresultsPDFWHTML2013/Web/NSDUHresults2013.pdf. Published September 2014.
Accessed December 10, 2016.

11. Silahu HM, Mogos MF, Salinas-Miranda AA, Salemi JL, Whiteman VE. National trends
in maternal use of opioid drugs among pregnancy-related hospitalizations in the United
States, 1998 to 2009. Am J Perinatol. 2015 Feb; 32(3):289-298.

12. Ailes EC, Dawson AL, Lind JN, et al; Centers for Disease Control and Prevention.
Opioid prescription claims among women of reproductive age — United States, 2008—
2012. MMWR Morb Mortal Wkly Rep. 2015;64(2):37-41.

13. Finer LB, Zolna MR. Shifts in intended and unintended pregnancies in the United
States, 2001-2008. Am J Public Health. 2014;104(Suppl 1):543-48.

14. Wisconsin State Council on Alcohol and Other Drug Abuse Prevention
Committee, Controlled Substances Workgroup. Reducing Wisconsin’s Prescription
Drug Abuse: A Call to Action. https://scaoda.wisconsin.gov/scfiles/prevspf/
FINALO1032012CSWReport.pdf. Published January, 2012. Accessed December 10,
2016.

15. Kuklina EV, Whiteman MK, Hillis SD. An enhanced method for identifying obstetric
deliveries: implications for estimating maternal morbidity. Matern Child Health J.
2008;12:469-477.

16. Patrick SW, Dudley J, Martin PR, et al. Prescription opioid epidemic and infant
outcomes. Pediatrics. 2015;135(5):842-850.

17. Massatti R, Falb M, Yors A, Potts L, Beeghly C, Starr S. Neonatal abstinence
syndrome and drug use among pregnant women in Ohio, 2004-2011. Columbus, OH:
Ohio Department of Mental Health and Addiction Services. http://www.healthy.ohio.
gov/"/media/HealthyOhio/ASSETS/Files/injury prevention/NAS Report FINAL.ashx.
Published November, 2013. Accessed December 10, 2016.

18. Lind JN, Petersen EE, Lederer PA, et al; Centers for Disease Control and Prevention.
Infant and maternal characteristics in neonatal abstinence syndrome—selected
hospitals in Florida, 2010-2011. MMWR Morb Mortal Wkly Rep. 2015;64(8):213-216.
19. Pletcher MJ, Kertesz SG, Kohn MA, Gonzales R. Trends in opioid prescribing

by race/ethnicity for patients seeking care in US emergency departments. JAMA.
2008;299(1):70-78

VOLUME 115 e NO. 6 293



advancing the art & science of medicine in the midwest

WMJ (ISSN 1098-1861) is published through a collaboration between The Medical
College of Wisconsin and The University of Wisconsin School of Medicine and Public
Health. The mission of WM. is to provide an opportunity to publish original research,
case reports, review articles, and essays about current medical and public health
issues.

© 2016 Board of Regents of the University of Wisconsin System and The Medical
College of Wisconsin, Inc.

Visit www.wmjonline.org to learn more.






