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Introduction

Neonatal abstinence syndrome (NAS) is a constellation of 
signs and symptoms experienced by newborns exposed to 
substances such as opioids, benzodiazepines, and barbitu-
rates in utero (CSTE 2019; Finnegan et al., 1975). Over the 
past two decades, national rates of NAS and maternal opi-
oid use disorder at delivery have been increasing (Haight 
et al., 2018; Patrick et al., 2012; Winkelman et al., 2018; 
Hirai et al., 2021). Rates of maternal opioid-related diagno-
ses per 1,000 delivery hospitalizations increased from 3.5 to 

	
 Caryn M. Decker
cadecker@pa.gov

1	 Bureau of Epidemiology, Pennsylvania Department of 
Health, Harrisburg, PA, USA

2	 Office of Drug Surveillance and Misuse Prevention, 
Pennsylvania Department of Health, Harrisburg, PA, USA

Abstract
Objectives  To characterize demographics, birth parameters, and social determinants of health among mother-infant dyads 
affected by neonatal abstinence syndrome (NAS) in Pennsylvania.
Methods  We linked 2018–2019 NAS surveillance data to birth record data using probabilistic methods and then geospatially 
linked to local social determinants of health data based on residential address. We generated descriptive statistics and used 
multivariable mixed-effects logistic regression to model the association between maternal characteristics, birth parameters, 
social determinants of health, and NAS.
Results  In adjusted models maternal age > 24, non-Hispanic white race/ethnicity, low educational attainment, Medicaid as 
payor at delivery, inadequate or no prenatal care, smoking during pregnancy, and low median household income were associ-
ated with NAS. We found no significant associations between NAS and county-level measures of clinician supply, number 
of substance use treatment facilities, or urban/rural designation.
Conclusions for Practice  This study characterizes mother-infant dyads affected by NAS using linked non-administrative, 
population data for Pennsylvania. Results demonstrate a social gradient in NAS and inequity in prenatal care receipt among 
mothers of infants with NAS. Findings may inform implementation of state-based public health interventions.

Significance
This article is the first to characterize Pennsylvania mother-infant dyads affected by NAS that is not reliant on administra-
tive data. Findings demonstrating a social gradient in NAS and inequity in receipt of care will inform state-based public 
health practice to better support pregnant people using opioids. Additionally, Pennsylvania was among the first states to 
initiate NAS surveillance. While data are from 2018 to 2019, they represent the first datasets available, and the methods 
and limitations described in the article may be instructive to other jurisdictions.
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2010 to 8.2 in 2017, and a concomitant increase in rates of 
NAS birth hospitalization was observed during that period 
nationally (4.0 in 2010 to 7.3 per 1,000 birth hospitaliza-
tions in 2017), and in Pennsylvania (7.5 in 2010 to 14.7 per 
1,000 birth hospitalization in 2017) (Hirai et al., 2021). In 
2017, the rate of NAS birth hospitalizations in Pennsylvania 
exceeded the national rate twofold.

As rates of NAS have increased, a growing body of 
literature has documented the characteristics of affected 
mother-infant dyads. Studies have found that infants with 
NAS are more likely to have low birthweight and respira-
tory complications, contributing to higher rates of NICU 
admission, prolonged hospital stays, and a higher average 
cost per stay compared to other birth hospitalizations (Pat-
rick et al., 2012; Winkelman et al., 2018; Hirai et al., 2021). 
Rates of NAS are also disproportionately higher among 
low-income mothers and mother-infant dyads covered by 
Medicaid at delivery (Patrick et al., 2012; Hirai et al., 2021). 
In recent years, an increasing number of studies have inte-
grated data on local factors such as rural/urban designation, 
provider availability, and unemployment rates, highlighting 
the importance of place-based analysis and increased con-
sideration of the influence of social determinants of health 
(SDOH) on substance use during pregnancy (Villapiano et 
al., 2017; Faherty et al., 2019; Patrick et al., 2019).

While findings from these existing studies are informa-
tive, most studies of NAS have been focused on hospital-
ization data or other administrative, claims-based databases 
with only select information available on maternal charac-
teristics and birth parameters. Additional limitations of such 
data sources include the time lag in the availability of hos-
pitalization data and underestimation of rates of NAS when 
using administrative datasets (Burns et al., 2007; Jilani et al., 
2019). The advent of state-led surveillance of NAS allows 
for more timely access to epidemiologic data. These data 
can be linked to other datasets using individual-level identi-
fiers to better characterize state and county-level variation 
in rates of NAS and inform state-based needs assessment 
and prevention initiatives (Jilani et al., 2022). Several states 
have used findings from their surveillance efforts for this 
purpose (Jilani et al., 2022; Umer et al., 2021).

Accordingly, using surveillance data to characterize the 
resident population most affected by NAS in Pennsylvania 
is essential for public health planning and addressing the 
ongoing impacts of the opioid epidemic. Data from Penn-
sylvania’s state-led surveillance of opioid-related NAS 
provides an advantageous alternative to hospitalization 
data that can provide unique insights into this population. 
The primary objective of this study was to examine differ-
ences in demographics, birth parameters, and SDOH among 
infants with and without NAS and their mothers to identify 

modifiable risk factors and inform state-specific public 
health strategies.

Methods

We conducted a retrospective, population-based study using 
two datasets housed by the Pennsylvania Department of 
Health: 2018–2019 NAS surveillance data and infant birth 
records. Additional data on zip code and county character-
istics were obtained from the Health Resources and Ser-
vices Administration (HRSA) Area Health Resources Files 
(AHRF), American Community Survey, and the amfAR 
Opioid and Health Indicators Database. Pennsylvania NAS 
surveillance and rapid case reporting began in February 
2018 in response to a statewide opioid disaster declaration. 
The NAS surveillance case definition required reporting of 
all infants born in-state to Pennsylvania residents between 
January 10, 2018, and December 31, 2019, who had in-
utero exposure to opioids, a NAS diagnosis, and at least one 
symptom compatible with NAS. Symptoms included in the 
case definition were body shakes/tremors, seizures/convul-
sions, overactive reflexes, hypertonia, fussiness, excessive 
or high-pitched cry, poor feeding/sucking, low weight gain, 
breathing fast or with difficulty, fever, sweating, blotchy 
skin, difficulty sleeping or excessive yawning, diarrhea/
vomiting, and excessive sneezing.

Cases were reported electronically by Pennsylvania 
birthing facilities and hospitals within 30 days of diagno-
sis or discharge and all case reports were assessed by the 
Department to confirm compliance with surveillance cri-
teria. Information collected on the NAS case report form 
included maternal and infant names and dates of birth, 
maternal address, demographics, substance use during 
the prenatal period, infant laboratory testing for substance 
exposure, infant symptoms, and infant NAS-related treat-
ment. The Pennsylvania birth record dataset used for 
linkage included all in-state resident births occurring in cal-
endar years 2018 and 2019. The NAS surveillance dataset 
and birth records were linked using maternal and infant first, 
middle, and last names, date of birth, and zip code through 
the probabilistic linkage software MatchPro. The remain-
ing unlinked resident live births comprised the comparison 
group. For all plural births, a single record was retained so 
that each mother was represented only once. The resulting 
file of cases and controls was linked to publicly available 
data from HRSA, ACS, and amfAR using maternal zip code 
or county of residence.

Demographic characteristics, birth parameters, and 
SDOH were selected for inclusion to analyze both proxi-
mal and distal determinants of health and aligned with pre-
viously documented associations with NAS (Erwin et al., 
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2017; Faherty et al., 2019; Lind et al., 2015; Okoroh et al., 
2017; Patrick et al., 2019; Villapiano et al., 2017). Infant 
and maternal characteristics from the birth record included 
maternal age (≤ 24, 25–29, 30–34, ≥ 35), maternal race and 
ethnicity (non-Hispanic white, non-Hispanic Black, non-
Hispanic Asian or Pacific Islander, Hispanic), maternal 
educational attainment (high school or below, some col-
lege, ≥college graduate), primary payor at delivery (private, 
public [Medicaid], self-pay), smoking during pregnancy 
(yes, no), initiation of prenatal care (yes, no), adequacy 
of prenatal care utilization (inadequate – care started after 
fourth month of pregnancy and received less than 50% of 
expected visits, intermediate – care started before fourth 
month of pregnancy and received 50-79% of expected vis-
its, adequate or adequate plus – care started before fourth 
month of pregnancy and received ≥ 80% of expected visits), 
gestational age in weeks (< 37 weeks [pre-term], ≥ 37 weeks 
[full-term]), birthweight in grams (< 2500 g [low], ≥ 2500 g 
[normal]), and NICU admission (yes, no). The Adequacy 
of Prenatal Care Utilization Index was derived from birth 
record data on timing of prenatal care initiation and number 
of visits using the established method (Kotelchuck, 1994). 
Median household income quartile by zip code and county 
were included from the ACS. The rural/urban designation by 
county (metropolitan, nonmetropolitan) was included from 
HRSA’s AHRF and was derived from the 2013 Rural-Urban 
Continuum classification developed by the United States 
Department of Agriculture (USDA, 2020) To evaluate the 
impact of county-level availability of health care providers 
and substance use treatment facilities, several parameters 
were used: HRSA’s Mental Health Professional Shortage 
Area (HPSA) and Primary HPSA designation variables; 
amFAR’s indicator for number of treatment facilities that 
provide all three types of medication for opioid use disor-
der or MOUD (buprenorphine, methadone, naltrexone); and 
amFAR’s indicator for the number of facilities that provide 
all three MOUD treatments and accept Medicaid.

Descriptive statistics were used to analyze maternal, 
infant, and local characteristics on SDOH. To compare 
characteristics among mother-infant dyads, we used the 
chi-squared test for categorical variables and the Cochran-
Mantel-Haenszel test for ordinal variables. For continuous 
variables we presented means with standard deviations and 
assessed differences using the t-test. P < 0.05 was considered 
statistically significant. For multivariable analysis we gen-
erated two multivariable mixed-effects logistic regression 
models with logistic link to assess associations between pre-
dictor variables and NAS as a binary outcome. Both mod-
els included random intercepts to control for clustering by 
location of residence. The first model included county as a 
random effect and assessed associations between NAS and 
maternal characteristics, county level measures of median 

household income by quartiles, healthcare availability, and 
urban-rural designation. The second model included zip 
code as a random effect and assessed associations between 
NAS and maternal characteristics and median household 
income by quartiles. Measures of association were reported 
as crude (OR) or adjusted odds ratios (aOR) when control-
ling for covariates. Analyses were conducted using SAS 
version 9.4 (SAS Institute). Institutional review board 
approval was not required as linkage associated with public 
health surveillance is exempt and subsequent data analysis 
only required de-identified data.

Results

Vital records data for 258,182 resident births from 2018 to 
2019 were linked to the NAS surveillance dataset. All needed 
identifiers were available for 3,596 NAS records from 2018 
to 2019 and approximately 91% of the NAS case reports 
(N = 3,271) could be linked to a corresponding record on the 
birth file. The remaining unlinked resident live births com-
prised the comparison group (N = 254,911). Table 1 displays 
demographics, birth parameters, and SDOH among mother-
infant dyads by infant NAS status (Table 1). In comparison 
to non-NAS resident births, a higher percentage of mothers 
of infants with NAS were non-Hispanic white (87.0% vs. 
66.7%, p < 0.001), between the ages of 25 and 29 (35.0% vs. 
28.0%, p < 0.001), insured by Medicaid (79.7% vs. 35.0%, 
p < 0.001), and self-reported smoking during pregnancy 
(41.2% vs. 9.4%, p < 0.001). A lower percentage of moth-
ers of infants with NAS received any prenatal care (92.4% 
vs. 98.1%, p < 0.001) or received adequate or adequate plus 
prenatal care (47.2% vs. 74.1%, p < 0.01) as compared to 
mothers of infants without NAS. Compared to infants 
without NAS, infants with NAS were more often preterm 
(15.9% vs. 8.8%, p < 0.001) or low birthweight (18.6% vs. 
7.5%, p < 0.001), and were more likely to be admitted to 
the NICU (30.6% vs. 8.3%, p < 0.001). Analyses of locality 
and SDOH revealed that a higher percentage of mothers of 
infants with NAS resided in nonmetropolitan counties than 
mothers of infants without NAS (3.5% vs. 2.5%, p < 0.001), 
in counties designated as mental health HPSAs (19.8% vs. 
10.8%, p < 0.001), and in zip codes or counties in the lowest 
quartile of median household income (36.0% vs. 25.5% for 
zip code and 29.7% vs. 22.2% for county, p < 0.001). Addi-
tionally, mothers of infants with NAS had a lower average 
number of substance use facilities per county offering all 
three forms of MOUD (1.9 vs. 2.4, p < 0.001) and a lower 
number of facilities per county offering all three forms of 
MOUD that also accepted Medicaid (1.6 vs. 2.0, p < 0.001). 
Nominal but insignificant differences in county-level 
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Characteristics Birth to infant 
with NAS 
(N = 3,271)

Other births 
(N = 254,911)

P

N (%) N (%)
Maternal age
≤ 24 393 (12.0) 49,632 (19.5) < 0.001
25–29 1,145 (35.0) 71,270 (28.0)
30–34 1,165 (35.6) 81,972 (32.2)
≥ 35 568 (17.4) 51,763 (20.3)
Missing 0 274
Maternal race/ethnicity
Non-Hispanic Asian or Pacific Islander 46 (1.4) 15,485 (6.1) < 0.001
Non-Hispanic Black 244 (7.6) 36,835 (14.6)
Hispanic 127 (4.0) 31,510 (12.5)
Non-Hispanic White 2,791 (87.0) 168,106 (66.7)
Missing 63 2,975
Maternal education < 0.001
High school or below 2,112 (66.1) 94,227 (37.4)
Some college 976 (30.5) 64,349 (25.5)
Bachelors or above 108 (3.4) 93,564 (37.1)
Missing 75 2,771
Primary payor at delivery < 0.001
Private Insurance 493 (15.8) 142,740 (58.0)
Medicaid 2,481 (79.7) 86,177 (35.0)
Self-pay 19 (0.6) 11,648 (4.7)
Other 121 (3.9) 5,529 (2.2)
Missing 157 8817
Initiated prenatal care < 0.001
Yes 2,846 (92.4) 241,526 (98.1)
No 234 (7.6) 4,566 (1.9)
Missing 191 8,819
Adequacy of Prenatal Care Utilization Index < 0.01
Adequate or Adequate Plus 1,259 (47.2) 167,424 (74.1)
Intermediate 362 (13.5) 22,696 (10.0)
Inadequate 1,049 (39.3) 35,856 (15.9)
Missing 601 28,935
Smoking during pregnancy < 0.001
Yes 1,348 (41.2) 24,055 (9.4)
No 1,922 (58.8) 230,800 (90.6)
Missing 1 56
Infant gestational age
Preterm (< 37 weeks) 514 (15.9) 22,290 (8.8) < 0.001
Term (≥ 37 weeks) 2,709 (84.1) 231,780 (91.2)
Missing 48 841
Infant birthweight < 0.001
Low (< 2500 g) 605 (18.6) 18,937 (7.5)
Normal (≥ 2500 g) 2,649 (81.4) 235,037 (92.5)
Missing 17 937
Infant NICU admission < 0.001
Yes 1,002 (30.6) 21,156 (8.3)
No 2,269 (69.4) 233,755 (91.7)
Zip code median household income quartilea < 0.001
1 1,163 (36.0) 64,911 (25.5)

Table 1  Select demographics, birth parameters, and social determinants of health among mother-infant dyads by NAS status of the infant, Penn-
sylvania 2018–2019
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insurance), and smoking during pregnancy (aOR = 3.3; 
95% CI = 3.1, 3.6) were significant predictors of NAS as an 
outcome. Educational attainment (aOR = 0.7; 95% CI = 0.7, 
0.8 for some college and aOR = 0.1; 95% CI = 0.1, 0.1 for 
≥ BS, respectively, as compared to ≤ HS) and receipt of 
prenatal care (aOR = 1.8; 95% CI = 1.6, 2.2 for no prena-
tal care vs. any prenatal care; aOR = 2.9; 95% CI = 2.6, 
3.2 for inadequate utilization of prenatal care, aOR = 2.2; 
95% CI = 2.0, 2.5 for intermediate prenatal care utilization; 
as compared to adequate or adequate plus prenatal care 
utilization) appeared to be protective. These associations 
were similar in direction and magnitude in the model that 

primary care HPSA designation were observed between the 
two populations (p = 0.52).

Tables  2 and 3 show results from the unadjusted and 
adjusted multivariable mixed-effects logistic regression 
models (Tables 2 and 3). After controlling for county and 
fixed effects, maternal age (aOR = 3.0; 95% CI = 2.7, 3.4 for 
25–29; aOR = 4.4; 95% CI = 3.9, 5.0 for 30–34, aOR = 3.7; 
95% CI = 3.3, 4.3 for ≥ 35, as compared to ≤ 24), maternal 
race/ethnicity (non-Hispanic white vs. non-Hispanic Black 
aOR = 6.0; 95% CI = 5.2, 7.0), primary payor at delivery 
(aOR = 4.9, 95% CI = 4.4, 5.5 for Medicaid and aOR = 0.1, 
95%  CI = 0.1, 0.2 for self-pay, as compared to private 

Characteristics Birth to infant 
with NAS 
(N = 3,271)

Other births 
(N = 254,911)

P

N (%) N (%)
2 809 (25.0) 48,874 (19.2)
3 684 (21.2) 57,870 (22.8)
4 577 (17.8) 82,433 (32.4)
Missing 38 823
County median household income quartileb < 0.001
1 970 (29.7) 56,644 (22.2)
2 557 (17.0) 30,858 (12.1)
3 815 (24.9) 56,344 (22.1)
4 926 (28.3) 111,060 (43.6)
Missing 3 5
Urban/rural county of residence < 0.001
Metropolitan 3,136 (96.5) 248,254 (97.5)
Non-metropolitan 114 (3.5) 6,330 (2.5)
Missing 21 327
Mental health HPSA designation < 0.001
The whole county designated 646 (19.8) 27,471 (10.8)
One or more parts of the county designated 2,203 (67.4) 194,499 (76.3)
None of the county designated 419 (12.8) 32,936 (12.9)
Missing 3 5
Primary care HPSA designation 0.52
The whole county designated 11 (0.3) 539 (0.2)
One or more parts of the county designated 2,941 (90.0) 228,385 (89.6)
None of the county designated 316 (9.7) 25,982 (10.2)
Missing 3 5

Mean (SD) Mean (SD)
Number of substance treatment facilities with all three forms of MOUD in county of 
residencec

1.9 (3.5) 2.4 (3.7) < 0.001

Number of substance treatment facilities with all three forms of MOUD that accept Medicaid 
in county of residencec

1.6 (2.9) 2.0 (3.1) < 0.001

Note. NAS = Neonatal Abstinence Syndrome; NICU = Neonatal Intensive Care Unit; HPSA = Health Professional Shortage Area; MOUD = Med-
ication for opioid use disorder
a Median household income by zip code in quartile 1 is ≤$46,250; quartile 2, $46,251-$54,872; quartile 3, $54,873-$66,250; and quartile 4 
≥$66,251
b Median household income by county in quartile 1 is ≤$48,224; quartile 2, $48,225-$51,646; quartile 3, $51,647-$59,713; and quartile 4 
≥$59,714
c Three forms of MOUD provided are buprenorphine, methadone, and naltrexone

Table 1  (continued) 
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Table 2  Maternal demographics, birth parameters, and county social determinants of health in association with NAS in Pennsylvania, 2018–2019
NAS

Characteristic OR (95% CI) AORa(95% 
CI)

Maternal age
≤ 24 REF REF
25–29 2.2 (1.9, 2.4) 3.0 (2.7, 3.4)
30–34 2.1 (1.9, 2.3) 4.4 (3.9, 5.0)
≥ 35 1.7 (1.5, 1.9) 3.7 (3.3, 4.3)
Maternal race/ethnicity
Non-Hispanic Asian or Pacific Islander 0.5 (0.4, 0.7) 1.0 (0.7, 1.2)
Non-Hispanic Black REF REF
Hispanic 0.7 (0.6, 0.9) 0.9 (0.7, 1.1)
Non-Hispanic White 2.5 (2.2, 2.9) 6.0 (5.2, 7.0)
Maternal education
High school or below REF REF
Some college 0.7 (0.6, 0.7) 0.7 (0.7, 0.8)
Bachelors or above 0.1 (0.1, 0.1) 0.1 (0.1, 0.1)
Primary payor at delivery
Private insurance REF REF
Medicaid 8.5 (7.7, 9.4) 4.9 (4.4, 5.5)
Self-pay 0.4 (0.3, 0.7) 0.1 (0.1, 0.2)
Initiated prenatal care
No 5.1 (4.4, 5.9) 1.8 (1.6, 2.2)
Yes REF REF
Adequacy of Prenatal Care Utilization Index
Inadequate 4.1 (3.7, 4.4) 2.9 (2.6, 3.2)
Intermediate 2.3 (2.1, 2.6) 2.2 (2.0, 2.5)
Adequate or Adequate Plus REF REF
Any smoking during pregnancy
No REF REF
Yes 6.0 (5.6, 6.5) 3.3 (3.1, 3.6)
County median household income quartileb

1 2.8 (1.7, 4.5) 1.8 (1.0, 3.0)
2 2.0 (1.3, 3.3) 1.2 (0.7, 1.9)
3 1.9 (1.2, 3.1) 1.3 (0.9, 2.1)
4 REF REF
Urban/rural designation for county of residence
Metropolitan 1.1 (0.9, 1.4) 1.2 (1.0, 1.5)
Non-metropolitan REF REF
Mental health HPSA designation in county of residence
None of the county designated REF REF
One or more parts of the county designated 1.1 (0.6, 1.8) 0.9 (0.5, 1.5)
The whole county designated 1.7 (1.0, 2.9) 0.8 (0.5, 1.5)
Primary care provider HPSA designation in county of residence
None of the county designated REF REF
One or more parts of the county designated 1.3 (0.8, 2.3) 1.2 (0.7, 2.2)
The whole county designated 1.7 (0.3, 9.3) 1.9 (0.5, 7.5)
Number of substance treatment facilities providing all three forms of MOUDc 0.9 (0.8, 1.0) 0.9 (0.4, 2.1)
Number of substance treatment facilities providing all three forms of MOUD that accept Medicaidc 0.9 (0.8, 1.0) 1.1 (0.4, 2.7)
Note. NAS = Neonatal Abstinence Syndrome; AOR = adjusted odds ratio; CI = confidence interval; REF = referent group; HPSA = Health Profes-
sional Shortage Area, MOUD = Medication for opioid use disorder
a Adjusted for all covariates listed and with random intercept included to control for clustering by maternal county of residence
b Median household income by county in quartile 1 is ≤$48,224; quartile 2, $48,225-$51,646; quartile 3, $51,647-$59,713; and quartile 4 
≥$59,714
c Three forms of MOUD provided are buprenorphine, methadone, and naltrexone
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observed between NAS and residence in a metropolitan vs. 
non-metropolitan county, residence in a county with a men-
tal health or primary health HPSA designation, the number 
of treatment facilities, or the number of treatment facilities 
accepting Medicaid.

Discussion

This study provides comparative insight on SDOH and 
maternal and infant characteristics among mother-infant 
dyads affected by NAS in 2018-2019 using population-
level surveillance data. Overall, mothers of opioid-exposed 
infants with NAS were more often between the ages of 25 
and 34 and identified as non-Hispanic white than mothers of 
infants without NAS, which is consistent with prevailing lit-
erature (Okoroh et al., 2017; Lind et al., 2015; Erwin et al., 
2017). Observed differences in opioid use disorder by race 
and ethnicity have been attributed to differential prescrib-
ing (Peeler et al., 2020). Historically, people identifying as 
non-Hispanic white were more likely to receive an opioid 
prescription to treat pain than people identifying as Black 
or other races in the United States due to racial bias (Har-
rison et al., 2018; Hoffman et al., 2016; Santoro et al. 2018). 
Differential prescribing has contributed to higher rates of 
opioid use disorder among white women and may also con-
tribute to racial/ethnic differences in NAS diagnoses (Peeler 
et al., 2020; Harrison et al., 2018). While the Black-white 
gap in opioid prescribing for pain and prescription misuse 
appears to have narrowed nationally in recent years, dif-
ferential access to MOUD persists (Harrison et al., 2018; 
Schuler et al., 2021). Recent studies of Medicaid-enrolled 
pregnant people in Pennsylvania have demonstrated that 
MOUD was more likely to be received by non-Hispanic 
white pregnant women than non-Hispanic Black or His-
panic women (Krans et al., 2019; Gao et al., 2022).

Findings in the present study also demonstrate that moth-
ers of infants with NAS were less likely to have initiated 
prenatal care or received adequate prenatal care than moth-
ers of infants without NAS. This is notable because nearly 
80% of women who gave birth to an infant with NAS had 
Medicaid at delivery and prenatal care is a covered bene-
fit. Screening for substance use and co-morbidities should 
occur universally upon initiation of prenatal care, making 
it a key opportunity for birthing people to connect to the 
healthcare system and receive both education and referrals 
to treatment (ACOG, 2017). Prior research suggests that 
barriers to entry into prenatal care among women using 
substances may include lack of transportation, mistrust of 
the medical system, and fear of stigma or legal implications 
(Frazer et al., 2019). These barriers highlight the impor-
tance of trauma-informed, supportive care from unbiased 

adjusted for zip code of residence (Table 3). Additionally, 
residents in zip codes with a household median income in 
the lowest quartile had 40% higher odds of having an infant 
with NAS as compared to those residing in a zip code in 
the highest quartile (aOR = 1.4; 95% CI = 1.2,1.6), although 
the same association was not observed in the first model 
that assessed this by county. No significant association was 

Table 3  Maternal demographics, birth parameters, and zip code social 
determinants of health in association with NAS in Pennsylvania, 
2018–2019

NAS
Characteristic OR (95% CI) AORa (95% 

CI)
Maternal Age
≤ 24 REF REF
25–29 2.2 (2.0, 2.5) 3.0 (2.7, 3.4)
30–34 2.2 (2.0, 2.5) 4.4 (3.9, 5.0)
≥ 35 1.8 (1.6, 2.1) 3.7 (3.2, 4.3)
Maternal race/ethnicity
Non-Hispanic Asian or Pacific 
Islander

0.7 (0.5, 0.9) 1.0 (0.7, 1.4)

Non-Hispanic Black REF REF
Hispanic 0.7 (0.6, 0.9) 0.9 (0.7, 1.1)
Non-Hispanic White 3.6 (3.1, 4.2) 6.7 (5.8, 7.8)
Maternal education
High school or below REF REF
Some college 0.7 (0.6, 0.7) 0.7 (0.7, 0.8)
Bachelors or above 0.1 (0.1, 0.1) 0.1 (0.1, 0.1)
Primary payor at delivery
Private insurance REF REF
Medicaid 8.9 (8.0, 9.8) 4.8 (4.3, 5.4)
Self-pay 0.4 (0.3, 0.7) 0.1 (0.1, 0.2)
Initiated prenatal care
No 4.8 (4.1, 5.6) 1.8 (1.6, 2.2)
Yes REF REF
Adequacy of Prenatal Care Utili-
zation Index
Inadequate 4.1 (3.8, 4.5) 2.9 (2.6, 3.2)
Intermediate 2.3 (2.1, 2.6) 2.2 (1.9, 2.5)
Adequate or Adequate Plus REF REF
Any Smoking During Pregnancy
No REF
Yes 5.9 (5.5, 6.4) 3.3 (3.0, 3.5)
Zip code median household 
income quartileb

1 3.1 (2.6, 3.8) 1.4 (1.2, 1.6)
2 2.6 (2.1, 3.1) 1.2 (1.0, 1.4)
3 1.8 (1.5, 2.2) 1.0 (0.8, 1.2)
4 REF REF
Note. NAS = Neonatal Abstinence Syndrome; AOR = adjusted odds 
ratio; CI = confidence interval; REF = referent group
a Adjusted for all covariates listed and with random intercept included 
to control for clustering by maternal zip code of residence
b Median household income by zip code in quartile 1 is ≤$46,250; 
quartile 2, $46,251-$54,872; quartile 3, $54,873-$66,250; and quar-
tile 4 ≥$66,251
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across Pennsylvania may not have been not captured using 
the county-level variable (Pennsylvania Department of 
Health 2021).

There are several important limitations of this study. 
First, an assessment of Pennsylvania’s NAS surveillance 
during 2018 and 2019 suggests that not all cases of NAS 
were reported to the Department (Krause et al., 2021). The 
inclusion of “NAS diagnosis” in the case definition may 
have contributed to underreporting as diagnosis is subjec-
tive based on facility criteria. While incorporating clinician 
diagnosis of NAS into the NAS case definition is common 
among other states with active surveillance (Jilani et al., 
2022), it is possible that this criterion may have resulted in 
misclassification in the present study. Further, during 2018–
2019 the Department only collected data on cases of NAS 
resulting from opioid exposure. Accordingly, this study did 
not consider infants who experienced withdrawal due to 
other substances, such as benzodiazepines or barbiturates. 
We also relied upon facilities to report accurate and timely 
case information. Data quality issues, including duplicate 
case reports and missing data on identifiers needed for link-
age, required us to exclude nearly 4% of reported NAS cases 
during 2018-2019 from the analysis. Another limitation is 
that during the nascent stage of surveillance, data collection 
was limited to the most important parameters to facilitate 
participation in the new, rapid reporting process. We there-
fore did not collect information on whether mothers were 
using illicit or prescribed opioids or receiving MOUD dur-
ing pregnancy. To address this limitation, future studies by 
this team will incorporate Prescription Drug Monitoring 
Program (PDMP) data to further characterize prescribing 
patterns before, during, and after pregnancy. Incorporation 
of data from the PDMP will also make it possible to iden-
tify and assess mother-infant dyads exposed to opioids dur-
ing pregnancy that did not meet the NAS surveillance case 
definition. Finally, throughout this paper we use the words 
mother and maternal when describing birthing people. We 
acknowledge the limitations of this approach as not all preg-
nant or birthing people identify as women.

Despite these limitations, the study had several strengths 
including a large sample size of over 3,000 NAS births, 
linkage to the birth record for comparison, and availability 
of individual-level maternal and infant characteristics. The 
results from this study demonstrate that characteristics of 
the mother-infant dyads affected by NAS during 2018-2019 
in Pennsylvania are similar to those observed elsewhere. 
System-level and social determinants of health, including 
access to prenatal care and economic stability, are important 
predictors of opioid use during pregnancy and are associ-
ated with NAS as an outcome in Pennsylvania. These find-
ings suggest that multi-level strategies which address both 
economic and social policies that perpetuate bias and stigma 

providers throughout the perinatal period (Renbarger et al., 
2022). Strategies that promote comprehensive prenatal care, 
address barriers and concerns, and allow for honest commu-
nication about substance use with a trusted provider should 
be prioritized.

The results from the present study also reinforce prior 
studies at the national level and in other jurisdictions which 
suggest a social gradient in NAS as mothers of infants 
with NAS were more likely to reside in a zip code with a 
low household annual income, be Medicaid enrolled, or 
have lower educational attainment than their counterparts 
in Pennsylvania who gave birth to an infant without NAS 
(Hirai et al., 2021; Umer et al., 2021; Lake et al., 2021). 
Economic instability and the “cumulative disadvantage” of 
poverty and lack of opportunity have been posited as risk 
factors for substance use and misuse (Patrick et al., 2019; 
Zoorob et al., 2017). While the associations between eco-
nomic insecurity, substance use, and adverse opioid-related 
outcomes are multifactorial, social and structural inequities 
are important root causes of the opioid epidemic and related 
health outcomes (Patrick et al., 2019; Zoorob et al., 2017; 
Dasgupta et al., 2018). Findings from this study suggest 
continued focus on strategies that advance health equity 
and reduce income and opportunity inequalities is merited. 
Smoking during pregnancy was also more common among 
mothers of infants with NAS than mothers who gave birth 
to an infant without NAS, which has also been observed 
elsewhere (Erwin et al., 2017; Metz et al., 2018).

Notably, associations between NAS and HPSA designa-
tions for mental or primary health care at the county-level 
and NAS were not significant in multivariable analysis 
despite prior findings suggesting an association between 
mental HPSA designation and rates of NAS in select coun-
ties at the national level (Patrick et al., 2019). Patrick et al. 
(2019) theorized that their observed association may have 
been due to increased risk of opioid use among those with 
untreated mental health issues. However, the Patrick et al. 
(2019) study was also ecological and did not include or 
adjust for patient-level characteristics, which may explain 
the differing results. Given that multiple factors influence 
whether a person seeks or receives adequate preventive, 
mental, or preconception care, county-level HPSA des-
ignations may be too rudimentary to adequately measure 
healthcare access. Finally, despite literature suggesting that 
national rates of opioid-related deliveries and NAS have 
been increasing disproportionately in rural counties and 
areas, the present study did not find a significant associa-
tion between NAS and residence in a rural or urban county 
in Pennsylvania in multivariable analysis (Villapiano et al., 
2017). However, incidence rates of NAS in the state remain 
highest in less populous regions of the state, suggesting that 
the differential impact of opioids and NAS on communities 

1 3

S41



Maternal and Child Health Journal (2023) 27:S34–S43

Consent for publication  All authors have approved the manuscript and 
this submission for publication.

Open Access   This article is licensed under a Creative Commons 
Attribution 4.0 International License, which permits use, sharing, 
adaptation, distribution and reproduction in any medium or format, 
as long as you give appropriate credit to the original author(s) and the 
source, provide a link to the Creative Commons licence, and indicate 
if changes were made. The images or other third party material in this 
article are included in the article’s Creative Commons licence, unless 
indicated otherwise in a credit line to the material. If material is not 
included in the article’s Creative Commons licence and your intended 
use is not permitted by statutory regulation or exceeds the permitted 
use, you will need to obtain permission directly from the copyright 
holder. To view a copy of this licence, visit http://creativecommons.
org/licenses/by/4.0/.

References

Burns, L., & Mattick, R. P. (2007). Using population data to exam-
ine the prevalence and correlates of neonatal abstinence syn-
drome. Drug and Alcohol Review, 26(5), 487–492. https://doi.
org/10.1080/09595230701494416

Committee opinion no (2017). 711 summary: Opioid use and opioid 
use disorder in pregnancy. Obstetrics & Gynecology, 130(2), 
488–489. https://doi.org/10.1097/AOG.0000000000002229

Council for State and Territorial Epidemiologists (CSTE). (2019). Neo-
natal abstinence syndrome standardized case definition. Council 
for State and Territorial Epidemiologists. https://cdn.ymaws.com/
www.cste.org/resource/resmgr/ps/2019ps/19-MCH-01_NAS_
updated_5.7.19.pdf

Dasgupta, N., Beletsky, L., & Ciccarone, D. (2018). Opioid crisis: No 
easy fix to its social and economic determinants. American Jour-
nal of Public Health, 108(2), 182–186. https://doi.org/10.2105/
AJPH.2017.304187

Erwin, P. C., Meschke, L. L., Ehrlich, S. F., & Lindley, L. C. (2017). 
Neonatal abstinence syndrome in east Tennessee: Characteristics 
and risk factors among mothers and infants in one area of Appa-
lachia. Journal of Health Care for the Poor and Underserved, 
28(4), 1393–1408. https://doi.org/10.1353/hpu.2017.0122

Faherty, L. J., Kranz, A. M., Russell-Fritch, J., Patrick, S. W., Cantor, 
J., & Stein, B. D. (2019). Association of punitive and reporting 
state policies related to substance use in pregnancy with rates 
of neonatal abstinence syndrome. JAMA Network Open, 2(11), 
e1914078. https://doi.org/10.1001/jamanetworkopen.2019.14078

Finnegan, L. P., Kron, R. E., Connaughton, J. F., & Emich, J. P. (1975). 
Assessment and treatment of abstinence in the infant of the drug-
dependent mother. International Journal of Clinical Pharmacol-
ogy and Biopharmacy, 12(1–2), 19–32.

Frazer, Z., McConnell, K., & Jansson, L. M. (2019). Treatment for 
substance use disorders in pregnant women: Motivators and bar-
riers. Drug and Alcohol Dependence, 205, 107652. https://doi.
org/10.1016/j.drugalcdep.2019.107652

Gao, Y. A., Drake, C., Krans, E. E., Chen, Q., & Jarlenski, M. P. (2022). 
Explaining racial-ethnic disparities in the receipt of medication 
for opioid use disorder during pregnancy. Journal of Addic-
tion Medicine Publish Ahead of Print. https://doi.org/10.1097/
ADM.0000000000000979

Haight, S. C., Ko, J. Y., Tong, V. T., Bohm, M. K., & Callaghan, W. 
M. (2018). Opioid use disorder documented at delivery hospital-
ization—United states, 1999–2014. MMWR Morbidity and Mor-
tality Weekly Report, 67(31), 845–849. https://doi.org/10.15585/
mmwr.mm6731a1

and individual-level factors, such as smoking and entry into 
prenatal care, are warranted in Pennsylvania.

Conclusions for Practice

The use of linked, population-level, non-administrative 
NAS data with birth data provided an opportunity to further 
describe the demographics, birth parameters, and SDOH 
of mother-infant dyads affected by NAS in Pennsylva-
nia. Findings from this paper highlight the important role 
of social factors in determining opioid-related health out-
comes, including NAS, and provide a basis for future analy-
sis incorporating Prescription Drug Monitoring Program 
data on prescribing patterns for people of child-bearing age. 
Given the lack of a standardized national surveillance sys-
tem for NAS, results of state-led surveillance fill a critical 
data gap. Pennsylvania will continue to leverage surveil-
lance data to characterize the incidence of NAS, understand 
trends in substance use across the state, and inform public 
health programming for birthing and pregnant people using 
substances and their infants. Accordingly, results from this 
paper may inform state-based needs assessments and imple-
mentation of prevention efforts and programming that fur-
ther center health equity and address the social determinants 
of health.

Authors’ Contributions  C.M. Decker, C.L. Howells, M. Mahar, C. 
Thomas Goetz, Z. Ma, and S.M. Watkins conceived the idea and de-
sign, C.M. Decker and M. Mahar performed data analysis and all au-
thors contributed to data analysis interpretation and writing. Supervi-
sion and mentorship were provided by C. Thomas Goetz, Z. Ma, and 
S.M. Watkins.

Funding  The analysis was supported, in part, by staff (C. Thomas 
Goetz and M. Mahar) who are funded by a financial assistance award 
(NU17CE924973) granted by the Centers for Disease Control and Pre-
vention of the US Department of Health and Human Services (HHS). 
The views expressed are those of the author(s) and do not necessarily 
represent the official views of, nor an endorsement, by CDC/HHS, or 
the US Government.

Data Availability  The datasets are not publicly available.

Code Availability  Not applicable.

Declarations

Conflicts of interest  The authors have no conflicts of interest to dis-
close.

Ethics approval  IRB approval was not required. Linkage associated 
with public health surveillance is exempt and subsequent data analysis 
only required de-identified data.

Consent to participate  Not applicable.

1 3

S42

http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://dx.doi.org/10.1080/09595230701494416
http://dx.doi.org/10.1080/09595230701494416
http://dx.doi.org/10.1097/AOG.0000000000002229
https://cdn.ymaws.com/www.cste.org/resource/resmgr/ps/2019ps/19-MCH-01_NAS_updated_5.7.19.pdf
https://cdn.ymaws.com/www.cste.org/resource/resmgr/ps/2019ps/19-MCH-01_NAS_updated_5.7.19.pdf
https://cdn.ymaws.com/www.cste.org/resource/resmgr/ps/2019ps/19-MCH-01_NAS_updated_5.7.19.pdf
http://dx.doi.org/10.2105/AJPH.2017.304187
http://dx.doi.org/10.2105/AJPH.2017.304187
http://dx.doi.org/10.1353/hpu.2017.0122
http://dx.doi.org/10.1001/jamanetworkopen.2019.14078
http://dx.doi.org/10.1016/j.drugalcdep.2019.107652
http://dx.doi.org/10.1016/j.drugalcdep.2019.107652
http://dx.doi.org/10.1097/ADM.0000000000000979
http://dx.doi.org/10.1097/ADM.0000000000000979
http://dx.doi.org/10.15585/mmwr.mm6731a1
http://dx.doi.org/10.15585/mmwr.mm6731a1


Maternal and Child Health Journal (2023) 27:S34–S43

syndrome and associated health care expenditures: United States, 
2000–2009. Journal Of The American Medical Association, 
307(18), https://doi.org/10.1001/jama.2012.3951

Patrick, S. W., Faherty, L. J., Dick, A. W., Scott, T. A., Dudley, J., 
& Stein, B. D. (2019). Association among county-level eco-
nomic factors, clinician supply, metropolitan or rural location, 
and neonatal abstinence syndrome. Journal Of The American 
Medical Association, 321(4), 385. https://doi.org/10.1001/
jama.2018.20851

Peeler, M., Gupta, M., Melvin, P., Bryant, A. S., Diop, H., Iverson, R., 
Callaghan, K., Wachman, E. M., Singh, R., Houghton, M., Green-
field, S. F., & Schiff, D. M. (2020). Racial and ethnic disparities 
in maternal and infant outcomes among opioid-exposed mother–
infant dyads in Massachusetts (2017–2019). American Journal 
of Public Health, 110(12), 1828–1836. https://doi.org/10.2105/
AJPH.2020.305888

Pennsylvania Department of Health (2021). Neonatal Abstinence 
Syndrome: 2019 Report. https://www.health.pa.gov/topics/Docu-
ments/Opioids/2019%20NAS%20REPORT.pdf

Renbarger, K. M., Trainor, K. E., Place, J. M., & Broadstreet, A. 
(2022). Provider characteristics associated with trust when caring 
for women experiencing substance use disorders in the perinatal 
period. Journal of Midwifery & Women’s Health, 67(1), 75–94. 
https://doi.org/10.1111/jmwh.13320

Santoro, T. N., & Santoro, J. D. (2018). Racial bias in the US opioid 
epidemic: A review of the history of systemic bias and implica-
tions for care. Cureus. https://doi.org/10.7759/cureus.3733

Schuler, M. S., Schell, T. L., & Wong, E. C. (2021). Racial/ethnic dif-
ferences in prescription opioid misuse and heroin use among a 
national sample, 1999–2018. Drug and Alcohol Dependence, 
221, 108588. https://doi.org/10.1016/j.drugalcdep.2021.108588

Umer, A., Lilly, C., Hamilton, C., Breyel, J., Allen, L., Rompala, A., 
Moore, C., O’Dierno, P., & John, C. (2021). Disparities in neona-
tal abstinence syndrome and health insurance status: A statewide 
study using non–claims real-time surveillance data. Paediat-
ric and Perinatal Epidemiology, 35(3), 330–338. https://doi.
org/10.1111/ppe.12728

United States Department of Agriculture. Economic Research Ser-
vice. Rural-urban continuum codes (2020). Retrieved Janu-
ary 23, 2023, from https://www.ers.usda.gov/data-products/
rural-urban-continuum-codes/

Villapiano, N. L. G., Winkelman, T. N. A., Kozhimannil, K. B., Davis, 
M. M., & Patrick, S. W. (2017). Rural and urban differences in 
neonatal abstinence syndrome and maternal opioid use, 2004 
to 2013. JAMA Pediatrics, 171(2), 194. https://doi.org/10.1001/
jamapediatrics.2016.3750

Winkelman, T. N. A., Villapiano, N., Kozhimannil, K. B., Davis, 
M. M., & Patrick, S. W. (2018). Incidence and costs of neona-
tal abstinence syndrome among infants with Medicaid: 2004–
2014. Pediatrics, 141(4), e20173520. https://doi.org/10.1542/
peds.2017-3520

Zoorob, M. J., & Salemi, J. L. (2017). Bowling alone, dying together: 
The role of social capital in mitigating the drug overdose epi-
demic in the United States. Drug and Alcohol Dependence, 173, 
1–9. https://doi.org/10.1016/j.drugalcdep.2016.12.011

Publisher’s Note  Springer Nature remains neutral with regard to juris-
dictional claims in published maps and institutional affiliations.

Springer Nature or its licensor (e.g. a society or other partner) holds 
exclusive rights to this article under a publishing agreement with the 
author(s) or other rightsholder(s); author self-archiving of the accepted 
manuscript version of this article is solely governed by the terms of 
such publishing agreement and applicable law. 

Harrison, J. M., Lagisetty, P., Sites, B. D., Guo, C., & Davis, M. A. 
(2018). Trends in prescription pain medication use by race/
ethnicity among US adults with noncancer pain, 2000–2015. 
American Journal of Public Health, 108(6), 788–790. https://doi.
org/10.2105/AJPH.2018.304349

Hirai, A. H., Ko, J. Y., Owens, P. L., Stocks, C., & Patrick, S. W. 
(2021). Neonatal abstinence syndrome and maternal opioid-
related diagnoses in the US, 2010–2017. Obstetrical & Gyne-
cological Survey, 76(6), 325–327. https://doi.org/10.1097/01.
ogx.0000754372.26284.fb

Hoffman, K. M., Trawalter, S., Axt, J. R., & Oliver, M. N. (2016). 
Racial bias in pain assessment and treatment recommendations, 
and false beliefs about biological differences between Blacks 
and whites. Proceedings of the National Academy of Sciences, 
113(16), 4296–4301. https://doi.org/10.1073/pnas.1516047113

Jilani, S. M., Frey, M. T., Pepin, D., Jewell, T., Jordan, M., Miller, 
A. M., Robinson, M., Mars, S., Bryan, T., Ko, M., Ailes, J. Y., 
McCord, E. C., Gilchrist, R. F., Foster, J., Lind, S., Culp, J. N., 
Penn, L., M. S., & Reefhuis, J. (2019). Evaluation of state-man-
dated reporting of neonatal abstinence syndrome—six states, 
2013–2017. MMWR Morbidity and Mortality Weekly Report, 
68(1), 6–10. https://doi.org/10.15585/mmwr.mm6801a2

Jilani, S. M., West, K., Jacobus-Kantor, L., Ali, M. M., Nyakeriga, 
A., Lake-Burger, H., Robinson, M., Barnes, A. E., Jewell, T., & 
Gallaway, S. (2022). Evaluation of state-led surveillance of neo-
natal abstinence syndrome—six U.S. States, 2018–2021. MMWR 
Morbidity and Mortality Weekly Report, 71(2), 37–42. https://doi.
org/10.15585/mmwr.mm7102a1

Kotelchuck, M. (1994). An evaluation of the Kessner adequacy of 
prenatal care index and a proposed adequacy of prenatal care 
utilization index. American Journal of Public Health, 84(9), 
1414–1420. https://doi.org/10.2105/AJPH.84.9.1414

Krans, E. E., Kim, J. Y., James, A. E., Kelley, D., & Jarlen-
ski, M. P. (2019). Medication-assisted treatment utilization 
among pregnant women with opioid use disorder. Obstetrics 
and Gynecology, 133(5), 943–951. https://doi.org/10.1097/
AOG.0000000000003231

Krause, K. H., Gruber, J. F., Ailes, E. C., Anderson, K. N., Fields, V. L., 
Hauser, K., Howells, C. L., Longenberger, A., McClung, N., Oak-
ley, L. P., Reefhuis, J., Honein, M. A., & Watkins, S. M. (2021). 
Assessment of neonatal abstinence syndrome surveillance—
Pennsylvania, 2019. MMWR Morbidity and Mortality Weekly 
Report, 70(2), 40–45. https://doi.org/10.15585/mmwr.mm7002a3

Lake, E. T., French, R., Clark, R. R. S., O’Rourke, K., & Lorch, S. 
(2021). Newborns with neonatal abstinence syndrome are con-
centrated in poorer-quality hospitals. Hospital Pediatrics, 11(4), 
342–349. https://doi.org/10.1542/hpeds.2020-003145

Lind, J. N., Petersen, E. E., Lederer, P. A., Phillips-Bell, G. S., Perrine, 
C. G., Li, R., Hudak, M., Correia, J. A., Creanga, A. A., Sappen-
field, W. M., Curran, J., Blackmore, C., Watkins, S. M., & Anjo-
hrin, S. (2015). Infant and maternal characteristics in neonatal 
abstinence syndrome—selected hospitals in Florida, 2010–2011. 
Morbidity and Mortality Weekly Report, 64(8), 213–216. https://
www.ncbi.nlm.nih.gov/pmc/articles/PMC4584717/

Metz, V. E., Brown, Q. L., Martins, S. S., & Palamar, J. J. (2018). 
Characteristics of drug use among pregnant women in the 
United States: Opioid and non-opioid illegal drug use. Drug and 
Alcohol Dependence, 183, 261–266. https://doi.org/10.1016/j.
drugalcdep.2017.11.010

Okoroh, E. M., Gee, R. E., Jiang, B., McNeil, M. B., Hardy-Decuir, 
B. A., & Zapata, A. L. (2017). Neonatal abstinence syndrome: 
Trend and expenditure in Louisiana Medicaid, 2003–2013. 
Maternal and Child Health Journal, 21(7), 1479–1487. https://
doi.org/10.1007/s10995-017-2268-1

Patrick, S. W., Schumacher, R. E., Benneyworth, B. D., Krans, E. E., 
McAllister, J. M., & Davis, M. M. (2012). Neonatal abstinence 

1 3

S43

http://dx.doi.org/10.1001/jama.2012.3951
http://dx.doi.org/10.1001/jama.2018.20851
http://dx.doi.org/10.1001/jama.2018.20851
http://dx.doi.org/10.2105/AJPH.2020.305888
http://dx.doi.org/10.2105/AJPH.2020.305888
https://www.health.pa.gov/topics/Documents/Opioids/2019%20NAS%20REPORT.pdf
https://www.health.pa.gov/topics/Documents/Opioids/2019%20NAS%20REPORT.pdf
http://dx.doi.org/10.1111/jmwh.13320
http://dx.doi.org/10.7759/cureus.3733
http://dx.doi.org/10.1016/j.drugalcdep.2021.108588
http://dx.doi.org/10.1111/ppe.12728
http://dx.doi.org/10.1111/ppe.12728
https://www.ers.usda.gov/data-products/rural-urban-continuum-codes/
https://www.ers.usda.gov/data-products/rural-urban-continuum-codes/
http://dx.doi.org/10.1001/jamapediatrics.2016.3750
http://dx.doi.org/10.1001/jamapediatrics.2016.3750
http://dx.doi.org/10.1542/peds.2017-3520
http://dx.doi.org/10.1542/peds.2017-3520
http://dx.doi.org/10.1016/j.drugalcdep.2016.12.011
http://dx.doi.org/10.2105/AJPH.2018.304349
http://dx.doi.org/10.2105/AJPH.2018.304349
http://dx.doi.org/10.1097/01.ogx.0000754372.26284.fb
http://dx.doi.org/10.1097/01.ogx.0000754372.26284.fb
http://dx.doi.org/10.1073/pnas.1516047113
http://dx.doi.org/10.15585/mmwr.mm6801a2
http://dx.doi.org/10.15585/mmwr.mm7102a1
http://dx.doi.org/10.15585/mmwr.mm7102a1
http://dx.doi.org/10.2105/AJPH.84.9.1414
http://dx.doi.org/10.1097/AOG.0000000000003231
http://dx.doi.org/10.1097/AOG.0000000000003231
http://dx.doi.org/10.15585/mmwr.mm7002a3
http://dx.doi.org/10.1542/hpeds.2020-003145
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4584717/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4584717/
http://dx.doi.org/10.1016/j.drugalcdep.2017.11.010
http://dx.doi.org/10.1016/j.drugalcdep.2017.11.010
http://dx.doi.org/10.1007/s10995-017-2268-1
http://dx.doi.org/10.1007/s10995-017-2268-1

	﻿Demographics, Birth Parameters, and Social Determinants of Health Among Opioid-Exposed Mother-Infant Dyads Affected by Neonatal Abstinence Syndrome in Pennsylvania, 2018–2019
	﻿Abstract
	﻿Significance
	﻿Introduction
	﻿Methods
	﻿Results
	﻿Discussion
	﻿Conclusions for Practice
	﻿References


