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Abstract

IMPORTANCE Despite the rapidly changing policy environment regarding substance use during

pregnancy, information is lacking on the association of state policies with neonatal abstinence

syndrome (NAS).

OBJECTIVE To determine if punitive or reporting state policies related to substance use during

pregnancy are associated with NAS rates.

DESIGN, SETTING, ANDPARTICIPANTS This repeated cross-sectional study used retrospective,

difference-in-difference analysis of live births in the State Inpatient Databases from 8 US states in

varying years between January 1, 2003, and December 31, 2014. States without punitive or reporting

policies were compared with states with policies before and after policy enactment using logistic

regressionmodels adjusted for individual and county-level factors and state and year fixed effects.

Analyses were conducted from April 10, 2019, to July 30, 2019.

EXPOSURES Time since enactment of state policies related to substance use in pregnancy, county-

level rurality and unemployment, and presence of specialized treatment programs for pregnant and

postpartumwomen in a county.

MAINOUTCOMEANDMEASURES Rates of NAS.

RESULTS Among 4 567 963 live births, 23 377 neonates (0.5%) received a diagnosis of NAS. Among

neonates with NAS, 3394 (14.5%) lived in counties without any treatment programs specifically for

pregnant and postpartumwomen, 20 323 (86.9%) lived in metropolitan counties, and 8135 (34.8%)

lived in counties in the highest unemployment quartile. In adjusted analyses among neonates in

states with punitive policies, odds of NAS were significantly greater during the first full calendar year

after enactment (adjusted odds ratio, 1.25; 95% CI, 1.06-1.46; P = .007) andmore than 1 full year

after enactment (adjusted odds ratio, 1.33; 95% CI, 1.17-1.51; P < .001). After regression adjustment,

the annual NAS rate was 46 (95% CI, 43-48) neonates with NAS per 10000 live births in states

without punitive policies; 57 (95% CI, 48-65) neonates with NAS per 10000 live births in states with

punitive policies during the first full year after enactment; and 60 (95% CI, 56-65) neonates with

NAS per 10000 live births in states with punitive policies in effect for more than 1 full year. There was

no association between reporting policies and odds of NAS.

CONCLUSIONS ANDRELEVANCE In this repeated cross-sectional analysis of 8 states, states with

punitive policies were associated with greater odds of NAS immediately and in the longer term, but

there was no association between NAS and states with reporting policies.
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Introduction

The opioid crisis has affected a substantial number of pregnant women in the United States, with the

number of pregnant womenwith an opioid use disorder (OUD) diagnosis at delivery quadrupling

from 1999 to 20141 and prenatal opioid exposure resulting in a 7-fold increase in neonatal abstinence

syndrome (NAS) from 2000 to 2014.2,3Neonatal intensive care unit admissions for NAS increased

nearly 4-fold between 2004 and 2013,4 and in some hospitals, NAS accounts for approximately half

of all neonatal intensive care unit days.5 There is substantial state-to-state variation in NAS rates,6,7

as well as county-level variation associated with structural factors, such as higher rates of long-term

unemployment and less access to mental health care practitioners.8 Neonates with NAS often

require prolonged and costly hospitalizations,9with total hospital costs for births with NAS

exceeding $500million by 2014.3

Many states have long sought to address opioid misuse in pregnancy, the proximal cause of

most cases of NAS, by enacting a range of policies intended to reduce opioid use in pregnancy.10 A

number of states recently expanded policies designed to increase the availability of treatment for

womenwith substance use disorder (SUD),10 adding to the number of states that had enacted such

policies in the 1990s. Such policies have likely contributed to an increase in the number of SUD

treatment programs specifically for pregnant and postpartumwomen, although such programs

remain uncommon and are not easily accessible for many women.11,12Many states have also

responded by enacting policies that are potentially punitive toward pregnant women, such as

policies considering substance use during pregnancy to be child abuse or neglect. From 2000 to

2015, the number of states with these punitive policies increasedmore than 2-fold from 12 to 25, and

the number of states requiring health care professionals to report suspected prenatal drug abuse to

child protective services or health officials increased from 12 to 23.10

Despite the rapidly changing policy environment, there is a paucity of information on the

associations of punitive or reporting state policies being increasingly enacted since 2000with NAS.

To support more empirically informed policymaking, this study sought to address a critical gap in the

literature by examining the association of states with punitive or reporting policies related to

substance use during pregnancy (hereafter, punitive or reporting policies) with rates of NAS, a proxy

for maternal opioid use. We hypothesized that punitive policies, which have been shown to

discourage women from seeking prenatal care and SUD treatment,13-15would be associated with

higher NAS rates as womenwould be less likely to engage in the health care system and receive

interventions that could reduce prenatal opioid use.

Methods

The study was approved by the RAND institutional review board with a waiver of consent because

datawere deidentified and consent could not be feasibly obtained. This studywas reported following

the Strengthening theReporting ofObservational Studies in Epidemiology (STROBE) reporting guideline

for observational studies.

Data Sources

Data from the Healthcare Cost and Utilization Project’s State Inpatient Databases compiled by the

Agency for Healthcare Research and Quality16were used to identify rates of NAS. The State Inpatient

Databases contain the universe of inpatient discharge records from community hospitals in

participating states and include all patients, regardless of payer. We examined a convenience sample

of states that varied in their enactment of punitive or reporting policies with the following years of

data: Arkansas (2004-2009), Arizona (2003-2013), Colorado (2003-2014), Kentucky (2007-2014),

Massachusetts (2005-2014), Maryland (2003-2014), Nevada (2003-2014), andUtah (2009-2014)

(eTable 1 and eTable 2 in the Supplement). Data on licensed SUD treatment facilities with programs

for pregnant or postpartumwomenwere assembled from the National Directory of Drug and Alcohol
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Abuse Treatment Programs and geocoded using ArcGIS Desktop geographic software (Esri). This

data set included treatment facilities that were licensed, certified, or otherwise approved for

inclusion in the directory by their state SUD agencies and responded to the previous year’s National

Survey of Substance Abuse Treatment Services. The National Survey of Substance Abuse Treatment

Services include data on whether the facility has a specialized treatment program for pregnant or

postpartumwomen. The Area Health Resources File provided additional county-level characteristics.

We examined 2 types of state policies: (1) punitive, defined as policies by which substance use

during pregnancy was criminalized, considered grounds for civil commitment, or considered child

abuse or neglect; and (2) reporting, defined as policies that mandated reporting of suspected

prenatal substance use to relevant authorities. Information on these 2 types of policies, including

effective dates, were obtained from the Guttmacher Institute,10which has tracked state policies

related to reproductive health and rights since the early 1970s. To obtain detailed information about

state policies, such as policy enactment dates, Guttmacher Institute staff annually review the

LexisNexis database, routinely monitor state legislature and state agency websites, and conduct

follow-up telephone calls with policymakers as needed. We supplemented the information received

from the Guttmacher Institute10with information from published studies retrieved through a

targeted literature review,17 ProPublica,18 and the National Conference of State Legislatures.19

Relevant statutes were reviewed, and we discussed discrepancies among sources and resolved them

by consensus.

Sample, Outcome, andNeonate-Level Covariates

Hospitalizations with deliveries resulting in live births (hereafter, neonates) were identified in the

State Inpatient Databases using International Statistical Classification of Diseases, Ninth Revision,

Clinical Modification (ICD-9-CM)20 diagnosis codes V30.00 to V30.01, V31.00 to V31.01, V32.00 to

V32.01, V33.00 to V33.01, V34.00 to V34.01, V35.00 to V35.01, V36.00 to V36.01, V37.00 to V37.01,

V38.00 to V38.01, or V39.00 to V39.01. Neonates were identified as having NAS if their health

record included the ICD-9-CM20 diagnosis code 779.5. Consistent with prior studies,2,3,6,7 to exclude

potentially iatrogenic cases of NAS (ie, neonates received opioids postnatally and had subsequent

withdrawal), we excluded neonates with a birthweight of less than 1500 g or ICD-9-CM diagnosis

codes 772.10 to 772.14 (intraventricular hemorrhage), 779.7 (periventricular leukomalacia), 777.50 to

777.53 (necrotizing enterocolitis), 777.6 (spontaneous intestinal perforation), 770.7

(bronchopulmonary dysplasia), or 854.0 to 854.1 (intracranial injury).20Neonates were excluded if

birthweight was missing or if they had ICD-9-CM diagnosis codes corresponding to preterm births or

extreme immaturity with subclassifications for birthweight less than 1500 g (ie, 765.11 to 765.15 or

765.01 to 765.05).20

To control for individual factors with known associations with NAS, we identified neonate sex

and created an indicator for preterm births (if ICD-9-CM code 765.0x or 765.1x was present).20We

also examined race/ethnicity as reported by the hospital (ie, non-Hispanic white, non-Hispanic black,

Hispanic, or other or unknown) and expected primary payer for the birth hospitalization (ie,

commercial, public coverage, or uninsured or self-pay). We excluded neonates who weremissing

data on sex or payer and those living in counties missing a 2003 Rural-Urban Classification Code

(RUCC).21

State-Level and County-Level Covariates

To examine the possibility that the association of NAS with a policy was not immediately observed,

the state policy variable was categorized as no policy, the first full calendar year (hereafter, first full

year) after the policy went into effect, and more than 1 full calendar year (hereafter,more than 1 full

year) after the policywent into effect. Using geocoded data from theNational Directory of Drug and

Alcohol Abuse Treatment Programs, the presence or absence of at least 1 specialized treatment

program for pregnant and postpartumwomen per county was identified for each year of the

study sample.
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Other county-level covariates from the Area Health Resources File, selected based on prior

literature,7,8,22 included 2003 RUCC and percentage of unemployment. Missing data, which were

infrequent, were imputed by taking themean of the years before and after themissing year, or

carrying forward a categorical variable unlikely to change from year to year, such as the RUCC.

Consistent with other studies of the associations of urbanicity with the opioid crisis,8,23 counties with

RUCCs of 1, 2, or 3 were classified as metropolitan; those with RUCCs of 4, 6, or 8 were considered

rural adjacent; and those with RUCCs of 5, 7, or 9 were classified as rural remote. Percentage

unemployment was divided into quartiles and dichotomized, with the top quartile (ie, highest

unemployment) compared with the bottom 3 quartiles (ie, lower unemployment) combined.

The Area Health Resources File and the data set of treatment facilities were linked to the

neonate’s county of residence using county Federal Information Processing Standards code and year.

The birth hospital county was used if the neonate’s county of residence was unavailable, which

occurred for births in Massachusetts (2005-2006) and Nevada (2003-2009) (8.8% of the sample).

Statistical Analysis

Descriptive statistics are presented as frequencies and percentages of the population. The

distribution of sociodemographic, clinical, and county-level characteristics were reported for

neonates with and without NAS. χ2 tests were used to compare the distribution of variables

between groups.

To examine the associations of the 2 policy types of interest with NAS, we conducted a

difference-in-difference analysis to compare NAS rates before and after policy enactment in states

that had a policy change using NAS rates in states without a policy change to control for secular

trends. Models were adjusted for time since policy effective date and included observations for each

state by year before and after policies went into effect, allowing us to compare the outcome variable

in states without a policy or before a policy went into effect to states with differing lengths of time

since policy enactment. Since we hypothesized that the associations of NAS with punitive policies

were likely to be different from those with reporting policies, we estimated separate logit models to

determine odds of NAS diagnosis for each of the policy types. Models were adjusted for neonate- and

county-level characteristics, included state and year fixed effects, and clustered SEs at the state level.

Using estimates from the regression models we determined the adjusted rate of NAS for neonates

conditional on residing in states (1) without policies, (2) with policies during the first full year after

enactment, and (3) with policies in effect for more than 1 full year, while keeping all other covariates

at their original values. Two-sided P values were calculated, and P values less than .05 were

considered statistically significant. Analyses were conducted using Stata statistical software version

14.2 (StataCorp) between April 10, 2019, and July 30, 2019 (eAppendix in the Supplement).

Results

Descriptive Results

After excluding neonates with missing data or living in counties missing data, the total sample

included 4 567 963 neonates. There were 23 377 neonates (0.5%)with NAS and 4 544 586 neonates

(99.5%) without NAS (Table 1). Overall, there were 51 neonates with NAS per 10000 live births.

Neonates with NAS, compared with neonates without NAS, were significantly more likely to be

non-Hispanic white (16 767 neonates [71.7%] vs 2 328 723 neonates [51.2]; P < .001), have public

coverage (19026 neonates [81.4%] vs 1 860850 neonates [40.9%]; P < .001), and be born preterm

(4332 neonates [18.5%] vs 383 917 neonates [8.4%]; P < .001) (Table 1). Among neonateswith NAS,

3394 (14.5%) lived in counties without any specialized treatment programs for pregnant and

postpartumwomen, 20 323 (86.9%) lived in metropolitan counties, and 8135 (34.8%) lived in

counties in the highest unemployment quartile, corresponding to unemployment rates of 8.1% to

29.9% (Table 1).
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Among neonates with NAS, 12 650 (54.1%)were born in states during years when therewere no

punitive policies in place; 598 (2.6%)were born in states during the first full year after punitive policy

enactment; and 10 129 (43.3%) were born in states with punitive policies in effect for more than 1

full year. In addition, 12 520 neonates with NAS (53.6%) were born in states during years when there

were no reporting policies in place; 2646 neonates with NAS (11.3%) were born in states during the

first full year after reporting policy enactment, and 8211 neonates with NAS (35.1%) were born in

states with reporting policies in effect for more than 1 full year.

Table 1. Individual-, County-, and State-Level Characteristics of the Sample

Characteristic

Neonates, No. (%)

P ValueWith NAS (n = 23 377) Without NAS (n = 4 544 586)

Individual Level

Girls 10 757 (46.0) 2 216 340 (48.8) <.001

Race/ethnicity

Non-Hispanic white 16 767 (71.7) 2 328 723 (51.2)

<.001
Non-Hispanic black 2017 (8.6) 464 336 (10.2)

Hispanic 1665 (7.1) 800 758 (17.6)

Other or unknown 2928 (12.5) 950 769 (20.9)

Primary payer

Public 19 026 (81.4) 1 860 850 (40.9)

<.001Private 3159 (13.5) 2 375 452 (52.3)

Uninsured or self-pay 1192 (5.1) 308 284 (6.8)

Preterm delivery 4332 (18.5) 383 917 (8.4) <.001

County of Residence Levela

Rurality

Metropolitan 20 323 (86.9) 4 036 258 (88.8)

<.001Rural adjacent 1128 (4.8) 282 784 (6.2)

Rural remote 1926 (8.2) 225 544 (5.0)

Unemployment rateb

Top quartile 8135 (34.8) 1 118 260 (24.6)
<.001

Other quartiles combined 15 242 (65.2) 3 426 326 (75.4)

Substance use treatment programs
for pregnant and postpartum women

Present 19 983 (85.5) 3 773 161 (83.0)
<.001

Absent 3394 (14.5) 771 425 (17.0)

State Level

Punitive policy statusc

No policy 12 650 (54.1) 2 356 001 (51.8)

<.001≤1 y 598 (2.6) 275 606 (6.1)

>1 y 10 129 (43.3) 1 912 979 (42.1)

Reporting policy statusc

No policy 12 520 (53.6) 2 487 109 (54.7)

<.001≤1 y 2646 (11.3) 225 790 (5.0)

>1 y 8211 (35.1) 1 831 687 (40.3)

State

Arkansas 174 (0.7) 230 133 (5.1)

<.001

Arizona 1610 (6.9) 896 506 (19.7)

Colorado 1271 (5.4) 751 843 (16.5)

Utah 4065 (17.4) 401 651 (8.8)

Nevada 6702 (28.7) 730 146 (16.1)

Kentucky 7181 (30.7) 814 370 (17.9)

Maryland 1085 (4.6) 416 256 (9.2)

Massachusetts 1289 (5.5) 303 681 (6.7)

Abbreviation: NAS, neonatal abstinence syndrome.

a Birth hospital county was used if neonate county of

residence was unavailable (20062

neonates [8.8%]).

b Quartiles of county percentage of unemployment

were divided as fourth quartile (highest), 8.1% to

29.9% unemployment; all other quartiles, 0.8% to

8.0% unemployment.

c No policy represents a state-year that did not have

the policy in effect or the year in which a policy went

into effect;�1 y, the first full calendar year after the

policy went into effect; and >1 y, more than 1 full

calendar year after the policy went into effect.

JAMANetworkOpen | Pediatrics Association of State Policies Related to Substance Use in PregnancyWith Rates of Neonatal Abstinence Syndrome

JAMA Network Open. 2019;2(11):e1914078. doi:10.1001/jamanetworkopen.2019.14078 (Reprinted) November 13, 2019 5/12

Downloaded From: https://jamanetwork.com/ on 08/27/2022



Regression Results

Adjusted odds ratios (aORs) for control variables were similar in significance, direction, and

magnitude in bothmodels, thus results are presented here for themodel adjusting for state-level

punitive policies. Compared with male neonates, female neonates had significantly lower odds of

NAS (aOR, 0.90; 95% CI, 0.87-0.94]; P < .001) (Table 2). We found significantly greater odds of NAS

among neonates who were publicly insured (aOR, 11.83; 95% CI, 7.67-18.24; P < .001), uninsured

(aOR, 5.21; 95% CI, 3.92-6.9; P < .001), or born preterm (aOR, 2.44; 95% CI, 2.13-2.80; P < .001).

Neonates living in counties with the highest unemployment rates had greater odds of NAS than

neonates born in counties with lower unemployment rates (aOR, 1.44; 95% CI, 1.08-1.91; P < .001).

Neonates in counties with at least 1 treatment program for pregnant and postpartum women had

significantly greater odds of NAS than neonates in counties without a treatment program for this

population (aOR, 1.38; 95% CI, 1.16-1.64; P < .001).

Among neonates in states with punitive policies, odds of NAS were significantly greater during

the first full year after enactment (aOR, 1.25; 95% CI, 1.06-1.46; P = .007) and more than 1 full year

after enactment (aOR, 1.33; 95% CI, 1.17-1.51; P < .001) (Table 2). The rate of NAS per 10000 births

was significantly higher in states with punitive policies compared with states without these policies

(Figure). Specifically, the annual rate of NAS was 46 (95% CI, 43-48) neonates with NAS per 10000

live births in states without punitive policies; 57 (95%CI, 48-65) neonates with NAS per 10000 live

births during the first full year after policy enactment in states with punitive policies, an excess of 11

Table 2. AdjustedModels Estimating Odds of Neonatal Abstinence Syndrome AmongNeonates in 8 Statesa

Covariate

Punitive Policies Reporting Policies

aOR (95% CI) P Value aOR (95% CI) P Value

Time since policy went into effect

No policyb 1 [Reference] 1 [Reference]

≤1 y 1.25 (1.06-1.46) .007 1.14 (0.82-1.60) .43

>1 y 1.33 (1.17-1.51) <.001 1.13 (0.96-1.34) .14

Individual Covariates

Sex

Boys 1 [Reference]
<.001

1 [Reference]
<.001

Girls 0.90 (0.87-0.94) 0.90 (0.87-0.94)

Race/ethnicity

Non-Hispanic white 1 [Reference] 1 [Reference]

Non-Hispanic black 0.20 (0.16-0.26) <.001 0.20 (0.16-0.26) <.001

Hispanic 0.19 (0.14-0.26) <.001 0.19 (0.14-0.26) <.001

Other or unknown 0.37 (0.26-0.51) <.001 0.37 (0.26-0.52) <.001

Primary payer

Commercially insured 1 [Reference] 1 [Reference]

Public coverage 11.83 (7.67-18.24) <.001 11.81 (7.65-18.22) <.001

Uninsured or self-pay 5.21 (3.92-6.93) <.001 5.20 (3.92-6.89) <.001

Preterm birth 2.44 (2.13-2.80) <.001 2.44 (2.13-2.80) <.001

County-Level Covariatesc

Rurality

Metropolitan 1 [Reference] 1 [Reference]

Rural adjacent 0.68 (0.47-0.99) .04 0.68 (0.47-0.99) .04

Rural remote 1.22 (0.90-1.67) .20 1.22 (0.90-1.66) .21

Unemployment rated

Bottom 3 quartiles 1 [Reference]
.01

1 [Reference]
.01

Top quartile 1.44 (1.08-1.91) 1.46 (1.09-1.95)

Substance use treatment programs
for pregnant and postpartum women

Absent 1 [Reference]
<.001

1 [Reference]
<.001

Present 1.38 (1.16-1.64) 1.38 (1.15-1.65)

Abbreviation: aOR: adjusted odds ratio.

a All logistic regressionmodels are adjusted for the

variables listed in the table and include state and year

fixed effects with SEs clustered at the state level.

b No policy either represents a state-year that did not

have the policy in effect, or the year in which a policy

went into effect;�1 y, the first full calendar year after

the policy went into effect; >1 y, more than 1 full

calendar year after the policy went into effect.

c Birth hospital county was used if neonate county of

residence was unavailable.

d Quartiles of county percentage of unemployment

were divided as 4th quartile (highest), 8.1% to 29.9%

unemployment; all other quartiles, 0.8% to 8.0%

unemployment.
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neonates with NAS per 10000 live births; and 60 (95% CI, 56-65) neonates with NAS per 10000

live births in states with punitive policies in effect formore than 1 full year, or an excess of 14 neonates

with NAS per 10000 live births (Figure). In contrast, we did not find a significant association of

reporting policies with the odds of NAS at either postenactment period (Table 2).

Discussion

In our study of NAS rates in states that enacted punitive or reporting policies related to substance use

during pregnancy, we found that the odds of NAS among neonates living in states with punitive

policies were significantly greater than among neonates in states without such policies but found no

association of reporting policies with odds of NAS. As policy makers react to the opioid crisis and

strive to enact policies to decrease the effect of the substance use on neonates, the association of

punitive policies with greater odds of NAS is noteworthy.

Punitive policies, such as considering substance use in pregnancy to be child abuse or neglect,

are presumably intended to deter women from using substances during this critical period,

encourage womenwith SUDs to seek treatment, and ensure the safety of the neonate. However, we

observed greater odds of NAS in the first full year after punitive policies went into effect and beyond,

suggesting that these policies were not associated with their desired outcome in either the short-

term or the longer term. Our findings are consistent with prior studies showing that policies that

penalized pregnant women for substance use deterred those women from seeking prenatal care and

were associated with a lower prevalence of OUD diagnoses.13,24-27 Taken together, these studies

suggest that women of reproductive age, including pregnant and postpartumwomen, are

disengaging from the health care system in states where punitive policies regarding substance use

during pregnancy have been enacted. This disengagement is hypothesized to increase NAS rates, as

women in states that have enacted punitive policies may be missing key opportunities for

interventions that could reduce the likelihood of having a neonate with prenatal opioid exposure (eg,

avoiding or ceasing the nonmedical use of opioids, accessing family planning services, receiving

mental health care to address untreatedmental health comorbidity and decrease the risk of opioid

misuse).8,28-30 Furthermore, among pregnant women with OUD, consistent prenatal care and SUD

treatment could address 2 other risk factors for more severe and clinically apparent NAS among

Figure. Annual Rates of Neonatal Abstinence Syndrome (NAS)

per 10000 Live Births Stratified by State Punitive Policies
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The adjusted rate of NAS per 10000 live births for neonates was estimated

from the regressionmodel conditional on residing in states without punitive
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neonates with prenatal opioid exposure: tobacco use and use of other substances, such as

benzodiazepines.31

In contrast, mandated reporting of substance use in pregnancy to authorities was not

significantly associated with an increase or decrease in rates of NAS. We are uncertain as to why

reporting policies did not have the same association as punitive policies. It may be that reporting

policies were not associated with as great a disengagement from health care services as punitive

policies. It is also possible that compared with punitive policies, reporting policies are more likely to

result in conversations between clinicians and pregnant women that result in decreased opioid use or

greater engagement in treatment for opioid related complications, actions that may decrease rates

of NAS. However, qualitative studies have found that screening for suspected substance use in

pregnancy, which is closely tied to reporting, can be perceived as stigmatizing andmay act as a

barrier to prenatal care and thus could increase NAS rates.26,32,33We did not find empirical support

for the belief that reporting policies are associated with lower NAS rates, presumably one of the

intended results, highlighting the importance of policy makers considering strategies that enhance

access to evidence-based SUD treatment for pregnant women and strengthen treatment

engagement as they seek to improve outcomes for mother-neonate dyads affected by substance use

in pregnancy. Several states have begun to implement state-mandated reporting of NAS for public

health surveillance purposes, which can inform program planning and services, but few states take

this approach.34More research is needed on the association of public health reporting with NAS, as

well as on howmore traditional reporting policies are implemented and how they are perceived by

the womenmost likely to be affected.

Our results on the sociodemographic factors associated with NAS are consistent with prior

literature suggesting that neonates with NAS are more likely to bemale, non-Hispanic white, publicly

insured, and born preterm.2,3,7,8,35 As in prior work,8we found a significant association of odds of

NAS with local unemployment rates, but we did not detect an association with rurality,7whichmay

have been due to inadequate statistical power. It is notable that nearly 15% of neonates resided in

counties without a treatment program specifically designed for pregnant and postpartum women

and that neonates residing in counties with specialized treatment programs for pregnant and

postpartumwomen had higher odds of NAS. We found the latter result counterintuitive and suspect

it may be related to obstacles pregnant women faced accessing such programs,11,12modest rates of

medication treatment for pregnant women with OUD,36,37 and lack of coordination between such

programs and prenatal care settings. Therefore, the number of pregnant women being effectively

treated for OUD through such programs, despite state policies designed to expand access to SUD

treatment for pregnant women,10may be too small to influence NAS rates, and the significant

associations we observedmay have been due to these programs responding to local demand for

treatment.

Limitations

Our findings must be considered in the context of this study’s limitations. This study did not consider

policy components or effectiveness of implementation, such as the frequency with which pregnant

women with SUD were identified or the consequences faced, factors that may have influenced the

associations of these policies with NAS. We did not consider other policies that may have been

associated with maternal opioid use and engagement in treatment for SUD–such research would

likely have requiredmore state-years than were available for our analysis. Findings from a

convenience sample of 8 states, selected in part to maximize our ability to examine NAS rates before

and after policy enactment, while geographically diverse and with varying sociodemographic

characteristics, may not be fully generalizable to the entire country or to states that have not yet

enacted policy changes. Misclassificationmay have affected the identification of NAS, although prior

research has demonstrated high positive predictive value of the ICD-9-CM diagnosis codes for NAS.38

Furthermore, NAS is a heterogeneous condition that may result from the use of medications other

than opioids during pregnancy, as well as medication treatment for OUD and other substance use
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during pregnancy. Thus, NAS could have resulted from pregnant women receiving medication

treatment, but as noted above, access to treatment, particularly pharmacotherapy, was limited for

pregnant women; thus, it is unlikely to explain our results. Also, it may be that policy makers’

attention to SUD in pregnant women results in greater attention to and detection of NAS, resulting

in more diagnoses. However, if that were the case, we would expect to see a comparable association

of NAS rates with both punitive and reporting policies.

Conclusions

In this cross-sectional study, our finding that punitive policies related to substance use in pregnancy

were not associated with a reduction in NAS rates, and in fact, these policies may have been

associated with an increase in rates of NAS, has important public health implications. Given that such

policies did not appear to be associated with a decrease in rates of NAS or with enhancing the

treatment of opioid-related complications in pregnant women andmay in some instances have been

associated with an increase in NAS rates, policy makers seeking to reduce rates of NASmay wish to

consider approaches favored by public health experts that focus on primary prevention. These

include responsible opioid prescribing towomen of reproductive age,25 providing preconception and

interconception physical and behavioral health care,39 and, given that nearly 9 in 10 pregnancies

among women with OUD are unplanned,40 ensuring access to family planning services for women

that aligns with their reproductive goals.25,41 Such efforts, when combined with more evidence-

informed approaches to treating neonates with NAS and providing effective treatment to their

mothers during the perinatal period, are likely to have the greatest effect on the prevalence and

severity of NAS and on alleviating the impact of opioids on these children and their families.

ARTICLE INFORMATION

Accepted for Publication: September 6, 2019.

Published:November 13, 2019. doi:10.1001/jamanetworkopen.2019.14078

Open Access: This is an open access article distributed under the terms of the CC-BY License. © 2019 Faherty LJ

et al. JAMA Network Open.

Corresponding Author: Laura J. Faherty, MD, MPH, MS, RAND Corporation, 20 Park Plaza, Ste 920, Boston, MA

02116 (lfaherty@rand.org).

Author Affiliations: RAND Corporation, Boston, Massachusetts (Faherty); School of Medicine, Boston University,

Boston, Massachusetts (Faherty); RAND Corporation, Arlington, Virginia (Kranz); RAND Corporation, Santa

Monica, California (Russell-Fritch, Cantor); Department of Pediatrics, Vanderbilt University, Nashville, Tennessee

(Patrick); Mildred Stahlman Division of Neonatology, Vanderbilt University, Nashville, Tennessee (Patrick);

Vanderbilt Center for Child Health Policy, Nashville, Tennessee (Patrick); Department of Health Policy, Vanderbilt

University, Nashville, Tennessee (Patrick); RAND Corporation, Pittsburgh, Pennsylvania (Patrick, Stein); School of

Medicine, University of Pittsburgh, Pittsburgh, Pennsylvania (Stein).

Author Contributions:Dr Faherty had full access to all of the data in the study and takes responsibility for the

integrity of the data and the accuracy of the data analysis.

Concept and design: Faherty, Patrick, Stein.

Acquisition, analysis, or interpretation of data: All authors.

Drafting of the manuscript: Faherty, Kranz, Stein.

Critical revision of the manuscript for important intellectual content: All authors.

Statistical analysis: Faherty, Kranz, Russell-Fritch, Patrick, Cantor.

Obtained funding: Faherty, Kranz, Stein.

Supervision: Faherty, Patrick, Stein.

Conflict of Interest Disclosures:None reported.

JAMANetworkOpen | Pediatrics Association of State Policies Related to Substance Use in PregnancyWith Rates of Neonatal Abstinence Syndrome

JAMA Network Open. 2019;2(11):e1914078. doi:10.1001/jamanetworkopen.2019.14078 (Reprinted) November 13, 2019 9/12

Downloaded From: https://jamanetwork.com/ on 08/27/2022

https://jama.jamanetwork.com/article.aspx?doi=10.1001/jamanetworkopen.2019.14078&utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamanetworkopen.2019.14078
https://jamanetwork.com/journals/jamanetworkopen/pages/instructions-for-authors#SecOpenAccess/?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamanetworkopen.2019.14078
mailto:lfaherty@rand.org


Funding/Support: Funding for this work was provided by grants from the National Institute on Drug Abuse of the

National Institutes of Health (R21DA045212 [Dr Faherty], R01DA045729 [Dr Patrick], and P50DA046351

[Dr Stein]).

Role of the Funder/Sponsor: The funder had no role in the design and conduct of the study; collection,

management, analysis, and interpretation of the data; preparation, review, or approval of themanuscript; and

decision to submit themanuscript for publication.

Disclaimer: The content is solely the responsibility of the authors and does not necessarily represent the official

views of the National Institutes of Health.

Additional Contributions:Hilary Peterson, BA (RAND Corporation), prepared this work for submission. Aaron

Kofner, MA, MS, Russell Hanson, BA, BS, and Sujeong Park, MS (RAND Corporation), prepared the county-level

data for analyses. They were not compensated for these contributions.

REFERENCES

1. Haight SCKJ, Ko JY, Tong VT, BohmMK, CallaghanWM. Opioid use disorder documented at delivery

hospitalization: United States, 1999-2014.MMWRMorb Mortal Wkly Rep. 2018;67(31):845-849. doi:10.15585/

mmwr.mm6731a1

2. 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.

doi:10.1001/jama.2012.3951

3. Winkelman TNA, Villapiano N, Kozhimannil KB, Davis MM, Patrick SW. Incidence and costs of neonatal

abstinence syndrome among infants with Medicaid: 2004-2014. Pediatrics. 2018;141(4):e20173520. doi:10.1542/

peds.2017-3520

4. Tolia VN, Patrick SW, Bennett MM, et al. Increasing incidence of the neonatal abstinence syndrome in US

neonatal ICUs. N Engl J Med. 2015;372(22):2118-2126. doi:10.1056/NEJMsa1500439

5. Patrick SW, Kaplan HC, Passarella M, Davis MM, Lorch SA. Variation in treatment of neonatal abstinence

syndrome in US children’s hospitals, 2004-2011. J Perinatol. 2014;34(11):867-872. doi:10.1038/jp.2014.114

6. Ko JY, Patrick SW, Tong VT, Patel R, Lind JN, BarfieldWD. Incidence of neonatal abstinence syndrome: 28 states,

1999-2013.MMWRMorb Mortal Wkly Rep. 2016;65(31):799-802. doi:10.15585/mmwr.mm6531a2

7. Villapiano NL, Winkelman TN, Kozhimannil KB, Davis MM, Patrick SW. Rural and urban differences in neonatal

abstinence syndrome and maternal opioid use, 2004 to 2013. JAMA Pediatr. 2017;171(2):194-196. doi:10.1001/

jamapediatrics.2016.3750

8. Patrick SW, Faherty LJ, Dick AW, Scott TA, Dudley J, Stein BD. Association among county-level economic

factors, clinician supply, metropolitan or rural location, and neonatal abstinence syndrome. JAMA. 2019;321(4):

385-393. doi:10.1001/jama.2018.20851

9. Asti L, Magers JS, Keels E, Wispe J, McClead RE Jr. A quality improvement project to reduce length of stay for

neonatal abstinence syndrome. Pediatrics. 2015;135(6):e1494-e1500. doi:10.1542/peds.2014-1269

10. Guttmacher Institute. Substance abuse during pregnancy. https://www.guttmacher.org/statecenter/spibs/

spib_SADP. Published 2015. Accessed January 10, 2017.

11. Patrick SW, Buntin MB, Martin PR, et al. Barriers to accessing treatment for pregnant women with opioid use

disorder in Appalachian states [published online October 9,2018]. Subst Abus. 2018;1-7. doi:10.1080/08897077.

2018.1488336

12. Terplan M, Longinaker N, Appel L. Women-centered drug treatment services and need in the United States,

2002-2009. Am J Public Health. 2015;105(11):e50-e54. doi:10.2105/AJPH.2015.302821

13. Angelotta C, Weiss CJ, Angelotta JW, Friedman RA. Amoral or medical problem: the relationship between legal

penalties and treatment practices for opioid use disorders in pregnant women.Womens Health Issues. 2016;26

(6):595-601. doi:10.1016/j.whi.2016.09.002

14. Saunders JB, Jarlenski MP, Levy R, Kozhimannil KB. Federal and state policy efforts to address maternal opioid

misuse: gaps and challenges.Womens Health Issues. 2018;28(2):130-136. doi:10.1016/j.whi.2017.10.011

15. Kozhimannil KB, DowdWN, Ali MM, Novak P, Chen J. Substance use disorder treatment admissions and state-

level prenatal substance use policies: evidence from a national treatment database. Addict Behav. 2019;90:

272-277. doi:10.1016/j.addbeh.2018.11.019

16. State Inpatient Databases, Healthcare Cost and Utilization Project. Overview of the State Inpatient Databses.

http://www.hcup-us.ahrq.gov/sidoverview.jsp. Accessed September 13, 2019.

JAMANetworkOpen | Pediatrics Association of State Policies Related to Substance Use in PregnancyWith Rates of Neonatal Abstinence Syndrome

JAMA Network Open. 2019;2(11):e1914078. doi:10.1001/jamanetworkopen.2019.14078 (Reprinted) November 13, 2019 10/12

Downloaded From: https://jamanetwork.com/ on 08/27/2022

https://dx.doi.org/10.15585/mmwr.mm6731a1
https://dx.doi.org/10.15585/mmwr.mm6731a1
https://jama.jamanetwork.com/article.aspx?doi=10.1001/jama.2012.3951&utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamanetworkopen.2019.14078
https://dx.doi.org/10.1542/peds.2017-3520
https://dx.doi.org/10.1542/peds.2017-3520
https://dx.doi.org/10.1056/NEJMsa1500439
https://dx.doi.org/10.1038/jp.2014.114
https://dx.doi.org/10.15585/mmwr.mm6531a2
https://jama.jamanetwork.com/article.aspx?doi=10.1001/jamapediatrics.2016.3750&utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamanetworkopen.2019.14078
https://jama.jamanetwork.com/article.aspx?doi=10.1001/jamapediatrics.2016.3750&utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamanetworkopen.2019.14078
https://jama.jamanetwork.com/article.aspx?doi=10.1001/jama.2018.20851&utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamanetworkopen.2019.14078
https://dx.doi.org/10.1542/peds.2014-1269
https://www.guttmacher.org/statecenter/spibs/spib_SADP
https://www.guttmacher.org/statecenter/spibs/spib_SADP
https://dx.doi.org/10.1080/08897077.2018.1488336
https://dx.doi.org/10.1080/08897077.2018.1488336
https://dx.doi.org/10.2105/AJPH.2015.302821
https://dx.doi.org/10.1016/j.whi.2016.09.002
https://dx.doi.org/10.1016/j.whi.2017.10.011
https://dx.doi.org/10.1016/j.addbeh.2018.11.019
http://www.hcup-us.ahrq.gov/sidoverview.jsp


17. Jarlenski M, Hogan C, Bogen DL, Chang JC, Bodnar LM, Van Nostrand E. Characterization of US state laws

requiring health care provider reporting of perinatal substance use.Womens Health Issues. 2017;27(3):264-270.

doi:10.1016/j.whi.2016.12.008

18. Miranda L, Dixon V, Reyes C. How states handle drug use during pregnancy. https://projects.propublica.org/

graphics/maternity-drug-policies-by-state. Accessed June 7, 2018.

19. Christian S; National Council of State Legislatures. Substance-exposed newborns: new federal law raises some

old issues. https://www.ncsl.org/print/cyf/newborns.pdf. Published 2004. Accessed June 7, 2018.

20. Centers for Disease Control and Prevention; National Center for Health Statistics. International Statistical

Classification of Diseases, Ninth Revision, Clinical Modification (ICD-9-CM). https://www.cdc.gov/nchs/icd/

icd9cm.htm. Accessed September 13, 2019.

21. United States Department of Agriculture Economic Research Service. Rural-urban continuum codes. https://

www.ers.usda.gov/data-products/rural-urban-continuum-codes/. Accessed January 10, 2019.

22. Cummings JR, Wen H, KoM. Decline in public substance use disorder treatment centers most serious in

counties with high shares of black residents.Health Aff (Millwood). 2016;35(6):1036-1044. doi:10.1377/hlthaff.

2015.1630

23. Luu H, Slavova S, Freeman PR, Lofwall M, Browning S, Bush H. Trends and patterns of opioid analgesic

prescribing: regional and rural-urban variations in Kentucky from 2012 to 2015. J Rural Health. 2019;35(1):97-107.

doi:10.1111/jrh.12300

24. Krans EE, Patrick SW. Opioid use disorder in pregnancy: health policy and practice in themidst of an epidemic.

Obstet Gynecol. 2016;128(1):4-10. doi:10.1097/AOG.0000000000001446

25. Patrick SW, Schiff DM; Committee on Substance Use and Prevention. A public health response to opioid use in

pregnancy. Pediatrics. 2017;139(3):e20164070. doi:10.1542/peds.2016-4070

26. Roberts SC, Pies C. Complex calculations: how drug use during pregnancy becomes a barrier to prenatal care.

Matern Child Health J. 2011;15(3):333-341. doi:10.1007/s10995-010-0594-7

27. Gressler LE, Shah S, Shaya FT. Association of criminal statutes for opioid use disorder with prevalence and

treatment among pregnant womenwith commercial insurance in the United States. JAMA Netw Open. 2019;2(3):

e190338. doi:10.1001/jamanetworkopen.2019.0338

28. Boscarino JA, Rukstalis M, Hoffman SN, et al. Risk factors for drug dependence among out-patients on opioid

therapy in a large US health-care system. Addiction. 2010;105(10):1776-1782. doi:10.1111/j.1360-0443.2010.

03052.x

29. Davis MA, Lin LA, Liu H, Sites BD. Prescription opioid use among adults with mental health disorders in the

United States. J Am Board FamMed. 2017;30(4):407-417. doi:10.3122/jabfm.2017.04.170112

30. Martins SS, Keyes KM, Storr CL, Zhu H, Chilcoat HD. Pathways between nonmedical opioid use/dependence

and psychiatric disorders: results from the National Epidemiologic Survey on Alcohol and Related Conditions. Drug

Alcohol Depend. 2009;103(1-2):16-24. doi:10.1016/j.drugalcdep.2009.01.019

31. Kocherlakota P. Neonatal abstinence syndrome. Pediatrics. 2014;134(2):e547-e561. doi:10.1542/peds.

2013-3524

32. Roberts SC, Nuru-Jeter A. Women’s perspectives on screening for alcohol and drug use in prenatal care.

Womens Health Issues. 2010;20(3):193-200. doi:10.1016/j.whi.2010.02.003

33. Stone R. Pregnant women and substance use: fear, stigma, and barriers to care.Health Justice. 2015;3(2). doi:10.

1186/s40352-015-0015-5

34. Jilani SM, Frey MT, Pepin D, et al. Evaluation of state-mandated reporting of neonatal abstinence syndrome:

six states, 2013-2017.MMWRMorb Mortal Wkly Rep. 2019;68(1):6-10. doi:10.15585/mmwr.mm6801a2

35. Charles MK, CooperWO, Jansson LM, Dudley J, Slaughter JC, Patrick SW. Male sex associated with increased

risk of neonatal abstinence syndrome.Hosp Pediatr. 2017;7(6):328-334. doi:10.1542/hpeds.2016-0218

36. Krans EE, Kim JY, James AE III, Kelley D, Jarlenski MP. Medication-assisted treatment use among pregnant

womenwith opioid use disorder.Obstet Gynecol. 2019;133(5):943-951. doi:10.1097/AOG.0000000000003231

37. Bachhuber MA, Mehta PK, Faherty LJ, Saloner B. Medicaid coverage of methadone maintenance and the use

of opioid agonist therapy among pregnant women in specialty treatment.Med Care. 2017;55(12):985-990. doi:10.

1097/MLR.0000000000000803

38. Maalouf FI, CooperWO, Stratton SM, et al. Positive predictive value of administrative data for neonatal

abstinence syndrome. Pediatrics. 2019;143(1):e20174183. doi:10.1542/peds.2017-4183

39. Committee on Obstetric Practice. Committee Opinion No. 711: opioid use and opioid use disorder in

pregnancy.Obstet Gynecol. 2017;130(2):e81-e94. doi:10.1097/AOG.0000000000002235

JAMANetworkOpen | Pediatrics Association of State Policies Related to Substance Use in PregnancyWith Rates of Neonatal Abstinence Syndrome

JAMA Network Open. 2019;2(11):e1914078. doi:10.1001/jamanetworkopen.2019.14078 (Reprinted) November 13, 2019 11/12

Downloaded From: https://jamanetwork.com/ on 08/27/2022

https://dx.doi.org/10.1016/j.whi.2016.12.008
https://projects.propublica.org/graphics/maternity-drug-policies-by-state
https://projects.propublica.org/graphics/maternity-drug-policies-by-state
https://www.ncsl.org/print/cyf/newborns.pdf
https://www.cdc.gov/nchs/icd/icd9cm.htm
https://www.cdc.gov/nchs/icd/icd9cm.htm
https://www.ers.usda.gov/data-products/rural-urban-continuum-codes/
https://www.ers.usda.gov/data-products/rural-urban-continuum-codes/
https://dx.doi.org/10.1377/hlthaff.2015.1630
https://dx.doi.org/10.1377/hlthaff.2015.1630
https://dx.doi.org/10.1111/jrh.12300
https://dx.doi.org/10.1097/AOG.0000000000001446
https://dx.doi.org/10.1542/peds.2016-4070
https://dx.doi.org/10.1007/s10995-010-0594-7
https://jama.jamanetwork.com/article.aspx?doi=10.1001/jamanetworkopen.2019.0338&utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamanetworkopen.2019.14078
https://dx.doi.org/10.1111/j.1360-0443.2010.03052.x
https://dx.doi.org/10.1111/j.1360-0443.2010.03052.x
https://dx.doi.org/10.3122/jabfm.2017.04.170112
https://dx.doi.org/10.1016/j.drugalcdep.2009.01.019
https://dx.doi.org/10.1542/peds.2013-3524
https://dx.doi.org/10.1542/peds.2013-3524
https://dx.doi.org/10.1016/j.whi.2010.02.003
https://dx.doi.org/10.1186/s40352-015-0015-5
https://dx.doi.org/10.1186/s40352-015-0015-5
https://dx.doi.org/10.15585/mmwr.mm6801a2
https://dx.doi.org/10.1542/hpeds.2016-0218
https://dx.doi.org/10.1097/AOG.0000000000003231
https://dx.doi.org/10.1097/MLR.0000000000000803
https://dx.doi.org/10.1097/MLR.0000000000000803
https://dx.doi.org/10.1542/peds.2017-4183
https://dx.doi.org/10.1097/AOG.0000000000002235


40. Heil SH, Jones HE, Arria A, et al. Unintended pregnancy in opioid-abusing women. J Subst Abuse Treat. 2011;

40(2):199-202. doi:10.1016/j.jsat.2010.08.011

41. Krans EE, Kim JY, James AE III, Kelley DK, Jarlenski M. Postpartum contraceptive use and interpregnancy

interval among womenwith opioid use disorder. Drug Alcohol Depend. 2018;185:207-213. doi:10.1016/j.

drugalcdep.2017.12.023

SUPPLEMENT.

eTable 1. State-Years of Data in the SampleWith Year of Enactment for Punitive Policies

eTable 2. State-Years of Data in the SampleWith Year of Enactment for Reporting Policies

eAppendix. Stata Commands Used in Difference-in-Difference Analysis of the Association of Punitive or Reporting

State Policies Related to Substance Use During PregnancyWith Rates of Neonatal Abstinence Syndrome

JAMANetworkOpen | Pediatrics Association of State Policies Related to Substance Use in PregnancyWith Rates of Neonatal Abstinence Syndrome

JAMA Network Open. 2019;2(11):e1914078. doi:10.1001/jamanetworkopen.2019.14078 (Reprinted) November 13, 2019 12/12

Downloaded From: https://jamanetwork.com/ on 08/27/2022

https://dx.doi.org/10.1016/j.jsat.2010.08.011
https://dx.doi.org/10.1016/j.drugalcdep.2017.12.023
https://dx.doi.org/10.1016/j.drugalcdep.2017.12.023

