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Abstract

Objectives: State Medicaid programs are the largest single provider of healthcare for pregnant 

persons with opioid use disorder (OUD). Our objective was to provide comparable, multi-state 

measures estimating the burden of OUD in pregnancy, medication for opioid use disorder 

(MOUD) in pregnancy, and related neonatal and child outcomes.
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Methods: Drawing on the Medicaid Outcomes Distributed Research Network (MODRN), we 

accessed administrative healthcare data for 1.6 million pregnancies and 1.3 million live births in 9 

state Medicaid populations from 2014–2017. We analyzed within- and between-state prevalences 

and time trends in the following outcomes: diagnosis of OUD in pregnancy, initiation and 

continuity of MOUD in pregnancy, Neonatal Opioid Withdrawal Syndrome (NOWS), and well­

child visit utilization among children with NOWS.

Results: OUD diagnosis increased from 49.6 per 1,000 to 54.1 per 1,000 pregnancies, and the 

percentage of those with any MOUD in pregnancy increased from 53.4% to 57.9%, during our 

study time period. State-specific percentages of 180-day continuity of MOUD ranged from 41.2% 

to 84.5%. The rate of neonates diagnosed with NOWS increased from 32.7 to 37.0 per 1,000 live 

births. State-specific percentages of children diagnosed with NOWS who had the recommended 

well-child visits in the first 15 months ranged from 39.3% to 62.5%.

Conclusions: Medicaid data, which allow for longitudinal surveillance of care across different 

settings, can be used to monitor OUD and related pregnancy and child health outcomes. Findings 

highlight the need for public health efforts to improve care for pregnant persons and children 

affected by OUD.
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INTRODUCTION

Opioid use disorder (OUD) in pregnancy contributes to adverse pregnancy and child 

health outcomes.1–3 OUD in pregnancy is a major area of policy focus for state Medicaid 

programs,4 which collectively cover 43% of all pregnancy care, but cover more than 80% 

of care for pregnant persons and children affected by OUD.5–7 Therefore, Medicaid has 

a major role in providing high-quality OUD treatment for pregnant persons, as well as 

monitoring ongoing care for children born to those with OUD in pregnancy.

Clinical guidelines recommend that persons with OUD in pregnancy initiate or maintain 

treatment with buprenorphine or methadone, and that children exposed to opioids in utero 

be monitored for withdrawal symptoms for 7 days and receive ongoing follow-up preventive 

care in early childhood.2,8 Clinical trials have demonstrated that medication for opioid use 

disorder (MOUD) in pregnancy reduces the risk of relapse and overdose and improves 

pregnancy outcomes.9–12 Despite this, observational studies have shown that a significant 

proportion of persons who are diagnosed with OUD in pregnancy do not receive any 

MOUD.13,14 Likewise, prior research has suggested low levels of preventive care among 

children exposed to opioids in utero, relative to children not exposed to opioids in utero.15

A barrier to a more comprehensive understanding of the treatment landscape for pregnant 

persons and children affected by OUD is a lack of comparable data and measurements 

across state Medicaid programs. Prior research has used single-state data sources,16 which, 

although valuable, preclude the ability to identify differences across states. Variability in 

the structure of Medicaid data across states similarly precludes cross-state comparisons of 
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studies using single-state data. Multi-state data analyses have typically been limited to the 

use of hospital discharge data,17,18 which are well-suited to studying hospital care but do not 

provide data on MOUD or any care received before or after the delivery episode.

The present study overcomes limitations of prior single-state Medicaid studies by 

drawing on the Medicaid Outcomes Distributed Research Network (MODRN) to provide 

comparable, multi-state measures of the burden of OUD in pregnancy, MOUD treatment, 

and neonatal and child outcomes. Specifically, we draw on a common data model 

implemented across 9 states to examine rates of pregnant persons diagnosed with OUD, 

medication for OUD (MOUD) received in pregnancy, neonatal opioid withdrawal syndrome 

(NOWS), and well-child visits among children diagnosed with NOWS.

METHODS

Data

The Medicaid Outcomes Distributed Research Network (MODRN) is a multi-state, multi­

faceted collaborative project to promote learning about health outcomes in Medicaid 

programs by drawing on partnerships between universities and state health agencies.19 

State Medicaid program data include a wealth of information including all enrollment, 

inpatient, professional, outpatient, pharmacy, and provider files for services provided in fee­

for-service and Medicaid managed care plans; however, each state’s internal data structure 

is unique. MODRN investigators developed a Medicaid Common Data Model to facilitate 

centralized development of analytic protocols with results that are comparable between 

states. The MODRN common data model defines comparable groups within participating 

state Medicaid populations: pregnant persons, children, disabled adults, non-disabled adults, 

and newly-eligible expansion adults. It also defines common measure specifications for 

identifying OUD and related outcomes.

Data for the present study included Medicaid healthcare administrative data for pregnant 

females (hereafter referred to as pregnant women) and children from 9 states (Kentucky, 

Maine, Maryland, Michigan, North Carolina, Ohio, Pennsylvania, Virginia, and West 

Virginia) that participate in MODRN. Data on pregnant and child populations were analyzed 

separately because not all states had the capability to link maternal-child dyads in Medicaid 

healthcare data. Study data included 1.6 million pregnancies, 88,927 in which women 

were diagnosed with OUD; and 1.3 million children, 44,883 of whom were diagnosed 

with NOWS (see Supplementary Appendix Table A1 for ICD-9 and ICD-10 codes used to 

identify pregnant women; See Table A2 for state-specific counts of the study population). 

This study was approved by the University of Pittsburgh Institutional Review Board.

Outcomes

Opioid Use Disorder in Pregnancy—Opioid use disorder (OUD) diagnosis was 

identified based on ICD-9-CM diagnosis codes prior to Oct 1, 2015 (304.0x, 205.5x) and 

ICD-10-CM diagnosis codes (F11.xxx) thereafter. Pregnant women in each year who had at 

least one encounter in an inpatient or outpatient setting with a diagnosis of OUD in any field 

were defined as having OUD.
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Medication for Opioid Use Disorder (MOUD) in Pregnancy and Continuity of 
MOUD—The utilization of MOUD (either methadone or buprenorphine) in pregnancy was 

measured using pharmacy records and procedure codes. Naltrexone is not indicated for use 

in pregnancy, and was not included. First, we considered women to have any MOUD use if 

they had at least one pharmacy record with a National Drug Code (NDC) for buprenorphine 

or buprenorphine/naloxone (full list of NDC codes not shown; available from the authors 

upon request). Second, we considered women to have any MOUD use if they had a record 

in any care setting that included a HCPCS code for any of the following OUD medications: 

oral buprenorphine or buprenorphine/naloxone administration (J0571, J0572, J0573, J0574, 

J0575) or methadone administration (H0020).

Among women with OUD in pregnancy who initiated MOUD in pregnancy, we calculated 

the continuity of pharmacotherapy for 90 days or 180 days, the latter being a National 

Quality Forum measure.20 The continuity of pharmacotherapy measure was calculated 

among those who had any MOUD in pregnancy and who were continuously enrolled 

in Medicaid for at least 6 months after the first encounter for MOUD. The continuity 

of pharmacotherapy measures were calculated based on the number of days’ supply of 

buprenorphine prescriptions or number of days methadone was dispensed, relative to the 

length of enrollment (90 days or 180 days). Pregnant women were considered to have 

continuity of pharmacotherapy if they had continuous treatment with buprenorphine or 

methadone for either 90 or 180 days, respectively, with gaps in treatment <=7 days. (See 

Supplementary Appendix Table A3 for more detailed information about outcome measure 

specifications.)

Neonatal Opioid Withdrawal Syndrome (NOWS)—We constructed 2 measure 

specifications to examine prevalence of NOWS, including diagnoses that occurred in both 

inpatient and outpatient settings (See Supplementary Appendix Tables A3 and A4 for 

detailed measurement specifications). Multiple measures were created to account for the 

mixed reliability and validity of diagnosis codes for NOWS.21,22 First, we constructed 

a standard definition of NOWS including diagnosis codes indicating neonatal withdrawal 

symptoms in the first 7 days of life based on prior studies using hospital discharge 

data.23 We examined diagnosis rates in the first 7 days of life because clinical guidelines 

recommend that neonates with known in-utero exposure to opioids be monitored for 

withdrawal symptoms for 7 days.2 Second, because we were able to follow children over 

time and observe outpatient care after the birth hospital stay, we also examined diagnosis 

rates in the first 12 months of life. This second measure allowed us to determine prevalence 

of NOWS among children who were not screened or diagnosed at birth. For both measures, 

we followed previous methods to exclude iatrogenic cases,23 i.e., withdrawal symptoms 

caused by in-hospital administration of opioids. Both measures were calculated as annual 

rates per 1,000 live births within each state.

Well-child visit utilization—We calculated the count of well-child visit encounters in the 

first 15 months of life, and the percentage of children with NOWS or opioid exposure who 

had the recommended number (≥6) of well-child visits (see Appendix Table A3 for detailed 

measure specifications).24
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Data Analysis

We first calculated time trends of pregnancy, neonatal, and child healthcare outcomes 

pooling numerator and denominator data from all states. Next, we calculated state-specific 

time trends of the percentage of women who receive any MOUD in pregnancy, the 

percentage of women with 90- and 180-day continuity of pharmacotherapy in MOUD, 

the rate of NOWs and/or in-utero illicit substance exposure identified in neonates, and the 

distribution of well-child visit counts in the first 15 months among children identified with 

NOWS or opioid exposure. Because data include a census of all Medicaid enrollees in the 

participating 8 states, and not a sample of enrollees, we do not provide tests of statistical 

significance for differences between states or over time.

RESULTS

The rate of OUD diagnosis in pregnancy in all 9 state Medicaid programs increased from 

49.6 per 1,000 to 54.1 per 1,000 pregnancies from 2014 to 2017, and the percentage of 

pregnant women receiving any MOUD increased from 53.4% to 57.9% (Table 1). The rate 

of neonates diagnosed with NOWS increased from 32.7 per 1,000 to 37.0 per 1,000. The 

percentage of children identified with NOWS who received the recommended number of 

well-child visits in the first 15 months increased over time, from 47.2% to 51.5%.

Figure 1 shows state- and year-specific percentages of pregnant women with OUD who 

received MOUD. Percentages ranged from 37.7% to 66.0%. Among most states, the 

percentage of pregnant women with OUD who received MOUD increased from 2016 to 

2017. The change from 2016 to 2017 ranged from a 4 percentage-point increase (States D 

and E) to a 14 percentage-point increase (State G).

Figure 2 presents 90- and 180-day continuity of pharmacotherapy among women who 

initiated MOUD treatment in pregnancy, pooled across all study years (2014–2017). State­

specific percentages of 90-day continuity of pharmacotherapy ranged from 69.8% to 93.3%. 

State-specific percentages of 180-day continuity of pharmacotherapy among women who 

initiated MOUD treatment in pregnancy ranged from 40.9% to 84.5%. In all states, the 

percentage of pregnant women with 180-day continuity of MOUD was lower than the 

percentage of pregnant women with 90-day continuity of MOUD.

State- and year-specific time trends of NOWS among children by 7 days and 12 months of 

age are shown in Figure 3. For each state, 2 time trend lines are shown: the rate of NOWS 

per 1,000 live births by age 7 days and 12 months of age. In 2017, NOWS rates within 

the first 7 days ranged from 18 to 79 cases per 1,000 live births across states. Six states 

had consistent or slightly increasing prevalences over time, while 2 states (D and I) showed 

larger relative temporal increases of an average of 40% and 27%, respectively, in the rates of 

NOWS diagnosed in the first 7 days. Allowing a 12-month diagnostic time resulted in higher 

prevalence estimates in all states; ranging from a 9% to a 24% relative increase in prevalence 

estimates of NOWS.

Among children identified with NOWS within the first 12 months, state-specific percentages 

of those receiving the recommended ≥6 well-child visits in the first 15 months of life ranged 
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from 39.3% to 62.5% (Figure 4). The percentage of children with 2–5 well-child visits in the 

first 15 months ranged from 30.3% to 50.9%, and the percentage with 0–1 well-child visits 

in the first 15 months ranged from approximately 5% to 15%. Increases in the proportion 

of children receiving the recommended number of visits increased in most states over a 

relatively short period of time.

DISCUSSION

In this study of 9 state Medicaid populations, the rate of pregnant women diagnosed with 

OUD increased but MOUD rates among pregnant women with OUD generally remained 

stable; and rates of identification of NOWS varied across states but well-child visit 

utilization among these children generally increased over time. These results provide a broad 

overview of the prevalence of OUD in pregnancy, MOUD treatment, and outcomes among 

child born to women with OUD in pregnancy in the United States.

Our finding that >5% of pregnant women in Medicaid had an OUD diagnosis is a higher 

prevalence than has been previously estimated in a different group of states.14 This OUD 

prevalence is also far higher than reported in national and multi-state surveillance data, 

which have estimated prevalence of OUD diagnoses rates of 2.5 to 6.5 per 1,000 delivery 

hospitalizations.17,25–27 There are several explanations for this finding. First, our population 

includes only Medicaid-enrolled pregnant women. Because Medicaid is a means-tested 

program for low-income populations, and because of the cyclical relationship between 

substance use disorders and poverty, Medicaid is the primary insurer for pregnancy care 

among persons with OUD.28 Second, our data include diagnosis of OUD at any time in 

pregnancy, not just during the delivery hospital stay. Third, it is likely that the states included 

in the present study have high rates of OUD prevalence, relative to national estimates, 

as we include 6 (Maine, Maryland, Kentucky, Ohio, Pennsylvania, West Virginia) of the 

10 states with the highest age-adjusted drug overdose mortality rates in the US.29 The 

increasing diagnosis rate over time could be due to a true increase in OUD prevalence in 

pregnancy, more comprehensive screening for substance use disorders in pregnancy care, or 

a combination of both factors.1

Although there is scant evidence on the effects of long-term MOUD on pregnancy outcomes, 

growing evidence suggests that long-term continuity of MOUD is associated with improved 

OUD treatment outcomes.30–32 Even with an increase in the proportion of pregnant women 

diagnosed with OUD, the percent receiving MOUD remained stable from 2014-2-15 or 

increased in some states from 2016–2017. Among those initiating MOUD in pregnancy, 

the continuity of pharmacotherapy for 180 days ranged from 41% to 85%. Prior research 

on the continuity of pharmacotherapy has ranged widely depending on the population 

under study.33 Recent observational studies among non-pregnant patient populations in the 

US have found rates of 180-day continuity of MOUD ranging from 42% to 62%.34–36 

Although it is encouraging that treatment rates did not decline even as OUD diagnosis rates 

increased, given that MOUD improves pregnancy and birth outcomes for women with OUD, 

future work should focus on increasing the proportion of women receiving evidence-based 

treatment including MOUD.11,37
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On average, the prevalence of NOWS diagnoses (at any time in the first 12 months) 

increased over time, although in 2 states, the prevalence of NOWS slightly declined. These 

trends, taken together with the increasing prevalence of OUD diagnosis in pregnancy and 

MOUD utilization in pregnancy, are at odds with a recent study reporting that NOWS 

cases stopped increasing from 2014–2016.38 Since that study did not stratify by Medicaid 

insurance status, it is possible that trends in NOWS diagnosis have decreased over time for 

privately insured neonates and increased for those covered in Medicaid. It is also possible 

that the states included in this study have different temporal trends in NOWS diagnosis 

compared to the national hospital discharge sample used for the prior study.

There were differences in the prevalence of NOWS according to the timeframe for 

diagnosis. A substantial number of NOWS diagnoses occurred after the first 7 days of 

life, a pattern that occurred uniformly across 9 states with different prevelances of NOWS 

diagnoses. Typically, withdrawal symptoms in neonates occur 2–6 days after birth, and 

neonates with known in-utero opioid exposure should be monitored for symptoms for 

7 days.39 This study is the first to investigate the timing of NOWS diagnosis in large 

administrative data. Although Medicaid healthcare data do not permit us to study the reasons 

for identification of NOWS after the first 7 days of life, the results indicate that 10% to 20% 

of cases are missed during the birth hospitalization and are identified in follow-up care. This 

result should be interpreted in the context of the difficulty of accurately identifying NOWS 

cases in administrative data, due to the nature of NOWS. NOWS is a collection of symptoms 

caused primarily, but not exclusively, by in-utero opioid exposure, and healthcare systems 

employ a variety of screening tools and care management models related to NOWS.40 

Ultimately, findings point to the importance of considering multiple measure specifications 

for public health surveillance and intervention activities related to NOWS and in-utero 

opioid exposure. This is also an important consideration for follow-up care for children, as 

parental OUD is a chronic condition that can persist in children’s lives well beyond birth.9,41

In 2017, slightly more than half of all children with NOWS or opioid exposure had the 

recommended number of well-child visits in the first 15 months of life, which is somewhat 

lower than the percentage among all-Medicaid enrolled children. Among Medicaid-enrolled 

children in the US, a median of 62% achieve the recommended number of well-child visits 

in the first 15 months.24 In a 3-year time period, this percentage increased substantially, 

whereas the percentage of children with 0 or 1 well-child visit declined. Well-child visits are 

an important component of follow-up care for children affected by OUD, as they provide 

opportunities for preventive care and developmental screenings.2

Limitations

This study has limitations. First, we relied on administrative healthcare data from state 

Medicaid programs, meaning that we cannot observe OUD diagnoses or treatment that 

individuals may receive that is not paid for by Medicaid. If pregnant women with OUD 

are receiving buprenorphine or methadone treatment separately from Medicaid benefits, 

for example, our results would underestimate treatment rates. Second, rates of NOWS 

are based on diagnoses and are not biochemically validated, meaning that rates may be 

an underestimate. However, there is not a gold standard test for substance exposure in 
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neonates,42 and given that neonates are not universally tested for substances, administrative 

data are commonly used. Third, we were not able to link data on maternal-child dyads, so 

we are unable to assess the extent to which maternal MOUD is associated with outcomes 

among children. Linking maternal-child dyad records is a priority for future studies, 

however.

Conclusion

Drug overdose deaths continue to increase exponentially and persist as the leading cause 

of death among persons of reproductive age in the US.43 In the present study of 9 

state Medicaid populations, about 5% of pregnant women were diagnosed with OUD in 

pregnancy, and of those, slightly more than half received any MOUD in pregnancy. Nearly 

4% of neonates were diagnosed with NOWS, and of those, approximately half received 

recommended well-child visits in the first 15 months. Findings demonstrate the value of 

multi-state Medicaid data, which allow for longitudinal surveillance of care across different 

settings, to monitor substance use disorders, and related treatment and health outcomes, for 

pregnant persons and children affected by OUD.
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Figure 1. Percentage of pregnant women who received any medication for opioid use disorder, 9 
state Medicaid programs, 2014–2017.
Includes pregnancies in which a diagnosis of OUD was recorded (N=88,927). For all 

states except A, medication treatment was defined as having any use of buprenorphine or 

methadone during the pregnancy. For state A, medication treatment was defined as having 

any use of buprenorphine during the pregnancy.
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Figure 2. Continuity of pharmacotherapy for pregnant women with OUD who initiate 
medication treatment in 9 state Medicaid program.
Includes pregnancies in which pharmacotherapy with methadone or buprenorphine for OUD 

treatment was initiated (N=48,892). For all states except A, M OUD was defined as having 

any use of buprenorphine or methadone during the pregnancy. For state A, MOUD was 

defined as having any use of buprenorphine during the pregnancy. Data shown are an 

average across years 2014–2017.
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Figure 3. Rates of Neonatal Opioid Withdrawal Syndrome (NOWS) diagnosis among children by 
7 days and 12 months of age, 9 state Medicaid programs, 2014–2017.
Includes live births (N=1,267,961). NOWS defined as having a diagnosis indicating 

withdrawal symptoms related to in-utero opioid exposure, exclusive of iatrogenic withdrawal 

cases.
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Figure 4. Distribution of well-child visits in the first 15 months of live among children who had 
NOWS diagnosis, 9 state Medicaid programs, 2015–2017.
Includes children diagnosed with NOWS by age 12 months and who remained continuously 

enrolled in Medicaid from birth through age 15 months (N=22,346). Six or more well-child 

visits in the first 15 months are recommended according to the Medicaid Core Quality 

Metrics.

Jarlenski et al. Page 14

J Addict Med. Author manuscript; available in PMC 2022 January 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Jarlenski et al. Page 15

Table 1.

Time trends in pregnancy, neonatal, and child outcomes among women and children affected by OUD, 9 state 

Medicaid programs, 2014–2017

2014 2015 2016 2017

OUD Prevalence and Treatment in Pregnancy 
a 

 Pregnancies with OUD diagnosis, N 17,355 20,318 26,318 24,936

 OUD diagnosis per 1,000 pregnancies 49.6 55.8 61.4 54.1

 MOUD in pregnancy among women with OUD, N 9,264 11,054 14,142 14,432

 Any MOUD in pregnancy among women with OUD,
d
 %

53.4 54.4 53.7 57.9

Neonatal Opioid Withdrawal Syndrome (NOWS) 
b 

 NOWS cases, N 10.296 11,283 11,901 11,403

 NOWS per 1000 live births 32.7 35.1 36.8 37.0

Well-Child Visits 
c 

 0–1 well child visits in first 15 months, % -- 6.7 6.2 5.8

 2–3 well-child visits in first 15 months, % -- 15.1 14.6 14.4

 4–5 well-child visits in first 15 months, % -- 31.0 30.3 28.4

 ≥6 well child visits in first 15 months,
e
 %

-- 47.2 48.9 51.5

a
N=1,602,978 pregnancies; n=88,927 pregnancies with OUD diagnosis; n=48,892 pregnancies where any treatment with methadone or 

buprenorphine was observed

b
N=1,267,961 live births; n=44,883 neonates with NOWS diagnosis in the first 12 months

c
N=22,913 children with NOWS diagnosis who were continuously enrolled in Medicaid from birth through age 15 months

d
Medication for opioid use disorder (MOUD) includes any methadone or buprenorphine utilization in pregnancy

e
Recommended number of well-child visits according to Medicaid Core Quality Metrics
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