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Abstract

Background: Most studies examining the relationship between neonatal abstinence syndrome
(NAS) and health insurance status in the United States (USA) have used administrative insurance
claims data, which is subject to myriad limitations. We examined the association between NAS
and health insurance status in a large geographically defined rural population in the United States,
using non—claims data.

Methods: We utilized data from a population-based cohort of all newborns born in 2017-2019 in
the rural state of West Virginia (WV) and restricted analyses to WV residents’ births (n = 46 213).
NAS was defined as neonatal withdrawal from many substances, including opiates and not limited
to those cases that require pharmacological treatment.

Results: Medicaid covered more than half (52.6%) of all infants’ births in the state of WV.

The incidence of NAS was 85.8 and 12.7 per 1000 livebirths in the Medicaid and privately
insured groups, respectively. Among all infants diagnosed with NAS, 86.1% were enrolled in
the state’s Medicaid programme. The risk of NAS in the Medicaid-insured newborns was higher
than privately insured newborns in the unadjusted analysis (risk ratio (RR) 6.76, 95% confidence
interval (CI) 5.95, 7.68) and the adjusted analysis (RR 3.00, 95% CI 2.01, 4.49); adjusted risk
difference 20.3 (95% CI 17.5, 23.1 cases per 1000 livebirths).

Conclusions: NAS is an important indicator of the immediate effect of the opioid crisis. This
study shows the disparity in NAS by health insurance status for a large rural population in the
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United States, and its burden on the state’s Medicaid programme. Providing timely and accurate
estimates of NAS is important for public health policies and decision making.
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Medicaid; neonatal abstinence syndrome; non—claims data; West Virginia

1| BACKGROUND

The current opioid crisis began in the United States in the early 1990s and, over the past
three decades, has had devastating personal, medical, economic, societal, and public health
impact. The economic burden encompasses the cost associated with health care, substance
use treatment, criminal justice, lost productivity, and premature mortality.2 In 2015, the
opioid epidemic cost to the US economy was more than $500 billion and the highest
estimated per-capita cost was $4378 for the state of West Virginia (WV),2 which has the
highest drug overdose death rate in the nation as well.3

The effects of the opioid crisis on pregnant women have serious health consequences for
both the mother and the infant.* Nationally, more than 20% and in WV more than 30%

of the Medicaid-enrolled women filled an opioid prescription during pregnancy.® Neonatal
abstinence syndrome (NAS) refers to the newborn's withdrawal from several substances
including opioids used or abused during pregnancy.’ The incidence of NAS parallels the
opioid crisis prevalence across states and is higher in rural vs urban counties and is higher in
the Appalachian region as well.8-10 In the rural Appalachian state of WV, the rate of NAS in
per 1000 livebirths increased by more than 50% from 33.4 in 20138 to 51.2 in 2017,11 which
is six times higher than the national rate of 8.0 per 1000 livebirths in 2014.12

Disparities in rates of NAS exist by the type of health insurance coverage financing the
delivery and birthing cost of the newborn. National Inpatient Sample data from 2004 to
2014 showed that NAS incidence in 2014 (14.4 per 1000 livebirths) rose over fivefold
among infants with Medicaid in the 10-year study period.12 In 2016, the Healthcare

Cost and Utilization Project (HCUP) Kids' Inpatient Database (KID) showed that of the
total hospitalization cost ($572.7 million) associated with NAS, Medicaid was responsible
for 83% of that expenditure ($477.0 million).13 These national-level2.14 and other state-
level516 studies examining this association have utilized administrative insurance claims
data (hospital billing and coding data). The use of claims data by public health researchers
and planners has shown to be cost-effective, feasible, and instrumental in documenting racial
and geographical variations in health care and health status (ie, morbidity and mortality).
However, claims data are subject to several inherent limitation as it is intended for billing
and reimbursement purposes,18 and not primarily collected for research.1® Some of the

main limitations include variations in providers coding patterns, missing, incomplete, or
inaccurate due to under-coding (provider omits a diagnosed condition on the billing form)
and/or miscoding (wrong code submitted in error).18:20 Moreover, it does not relay real-time
information due to lag in the data collection to analysis phase,2122 which prevents rapid
prioritizing and channelling of public health resources.23 Additionally, depending on the
source of claims data (eg, commercial health care database) it does not contain information
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on all segments of the population, that is those without health insurance.1824 Furthermore,
it lacks information on important confounders that would be important to adjust for in the
research study.2> Lastly, pertinent to our study, claims data have shown to underestimate
NAS rates.26:27

The main objective of the study was to provide population-level non—claims-based NAS
rates by type of health insurance coverage for the rural Appalachian state of WV. This
contributes to prior literature that has examined this association using claims data, which
have shown to have myriad limitations.21:22:24.26.27 A secondary objective was to estimate
substate regional variations of NAS rates by health insurance categories. Providing timely
estimates of NAS is important for public health policies and decision-making targeting
certain subgroups and subregions of greatest need within the state.

Methods

Cohort selection

The study used de-identified data from a population-based cohort of all newborns born

in 2017-2019 (N = 55 500) in WV from a statewide-mandated (House Bill 2388)28
surveillance system called the Project WATCH (Working in Appalachia to identify at-risk
infants, Critical congenital heart disease, and Hearing loss). Project WATCH surveillance
data aim to identify newborns who are at a higher risk of infant mortality and developmental
delay to initiate close follow-ups. The mothers and infants are followed only during birth
hospitalization from date of birth to discharge date. More information about Project WATCH
can be found elsewhere. 29 The nurses at each birth facility complete the Project WATCH
surveillance tool before hospital discharge. Project WATCH provides continuous training

to nurses across the state on data abstraction and periodically conducts audits to compare
the data with the medical records and linking the data to the state's birth certificate data to
ensure higher reliability.

Outcomes

The main outcome for this study was a binary variable for NAS (yes/no) documented

in the medical charts of each newborn and recorded by the nurses in Project WATCH

tool. In September 2014, key state stakeholders including neonatologists, paediatricians,
epidemiologist, hospital coders, and members of the West Virginia Perinatal Partnership
(WVPP) met to develop a standardized definition for NAS as well as guidance for
documenting exposure and withdrawal in newborns.11 The definition that was agreed upon
was as follows: NAS includes neonatal withdrawal from many substances, including opiates.
It is exposure with clinical symptoms, and it is not limited to those cases that require
pharmacological treatment. In 2015-2016, training sessions were held at all birth facilities
in the state on the standardized definition for NAS. Following the statewide training efforts,
in October 2016, Project WATCH started collecting data on IUSE and NAS surveillance
items. IUSE data were collected as a binary response (yes/no) and assessed using several
possible sources (self-report, documented in medical record or/and positive drug screening
test). The nurses filling out Project WATCH tool were also provided training on the

types of neuroactive substances (mainly but not limited to opioids, stimulants, sedatives-

Paediatr Perinat Epidemiol. Author manuscript; available in PMC 2022 May 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Umer et al.

2.3

2.4

25|

2.6

Page 4

hypnotics, phencyclidine (PCP), cannabinoids, gabapentin and antidepressants) to consider
as IUSE, though data on specific substances used during pregnancy were not captured in
the Project WATCH tool. Infants who had IUSE were assessed for signs of NAS consistent
with the agreed upon statewide definition. NAS diagnosis included a baby with IUSE to

a neuroactive substance, exhibiting clinical signs/symptoms of withdrawal, regardless of
whether or not pharmacological treatment was required.30

Exposure

The main independent variable for this study included the payment method that financed
the delivery and birthing cost of the newborn. For this variable, the four categories included
Medicaid, private, uninsured, and other (health insurance status unclear or pending birth of
the newborn). A fifth category, labelled as unknown, was set to missing (n = 889).

Confounders

Possible confounders included sociodemographic and life style factors that were associated
with both the outcome and the exposure. The infant factor included sex (male/female) and
the maternal factors included age (<20 and =20), race (white and others), education (<10
grades and =11 grades), and smoking during pregnancy (yes/no).

Region

The 55 counties in WV are divided into six Substance Abuse and Mental Health Services
Administration (SAMHSA) regions. This national organization (SAMHSA) works with
the state's DHHR to define these regions to understand the geographical variability of
substance use within each state and to identify the state's needs.3! This information is vital
for planning, reporting, programme development, prevention and intervention efforts, and
allocation of funds to areas in need for services in the counties clustered together in one
region.31:32 This variable was created from mother's county of residence at the time of
delivery.

Statistical analysis

Analysis for this project included computing measures of occurrence (incidence
proportions), along with NAS incidence rates reported as the number per 1000 livebirths.
The measures of association were calculated on the relative scale (risk ratio [RR]) and on
the absolute scale (risk difference [RD]) along with their corresponding 95% confidence
interval (CI).33:34 These were calculated using log-binomial regression model for the crude
association (link = log for RR and link = identity for RD) between health insurance groups
(private insurance as referent category) and NAS.35 For the multivariable-adjusted RR and
RD, the log-binomial model failed to converge and the modified Poisson regression method
was used to estimate the RR and RD using a robust error variance that has shown to produce
95% Cls with the correct coverage.3® The multilevel-modified Poisson regression model
clustered on SAMHSA regions to take into account the intra-regional variations within
clusters®6 and adjusting for confounders that were associated with both the outcome and
the exposure guided by the literature. The substate SAMHSA regional-specific results were
reported for the 2017-2019 study period and stratified by health insurance status. Small cell
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counts of <10 were suppressed for the regional data. The incidence of NAS was ranked from
highest to lowest (rank 1-rank 6) for the six regions. All analyses were conducted in SAS
version 9.4,

Missing data

Of the 46 213 WYV residents’ births, there were missing data for health insurance status (n

= 824, 1.8%), maternal age (n = 159, 0.3%), maternal education (n = 157, 0.3%), race (n
=562, 1.2%), and sex (n = 824, 1.8%). For the 824 missing health insurance status cases,
23 had NAS (2.7%) and 801 (97.2%) did not have NAS. Default pairwise deletion was used
for missing data. The complete case analysis for the multiple regression models had missing
data on 1515 cases (3.3%). As missing data were less than 5%, no multiple imputation was
performed.

Ethics approval

This study was approved by the West Virginia University Institutional Review Board
(protocol, 2002912565).

RESULTS

This study used data from population-based cohort of all newborns born in 2017-2019 (N
=55 500) in the state and restricted analyses to WV residents’ births only (n = 46 213;
83.3%). For the WV residents only, the per cent of infant’s births according to the health
insurance categories of Medicaid, private, other, and uninsured was 52.6%, 45.3%, 1.5%,
and 0.7%, respectively (Table 1). Among all the WV resident women who gave birth during
this time frame 6.9% were <20 years old (Medicaid [5.6%], private [1.2%], other [0.1%)],
and uninsured [0.1%]); 6.7% had <10 grades of education (Medicaid [5.7%)], private [0.9%],
other [0.1%], and uninsured [<0.1%]); 23.7% smoked during pregnancy (Medicaid [19.6%)],
private [3.7%], other [0.3%], and uninsured [0.1%]); and 14.0% used substances during
pregnancy (Medicaid [11.7%], private [2.0%], other [0.2%], and uninsured [0.1%]).

The incidence of NAS for WV residents’ births was 52.4 per 1000 livebirths. Among the
Medicaid-insured, the incidence of NAS was 85.8 per 1000 livebirths (95% CI 8.22, 8.93)
and 12.7 per 1000 livebirths (95% CI 1.12, 1.42) in the privately insured group (Table 2).
The substate SAMHSA regional results are displayed in Figure 1. Region 1 had the highest
NAS rates by all four health insurance categories (Table S1).

The risk of NAS for Medicaid-insured newborns was 6.76 (95% ClI: 5.95, 7.68) times that
of private health insurance group. Uninsured and those who had "other" health insurance
were also more likely to develop NAS compared with the privately insured (Table 2).

After adjusting for maternal age, race, education, and smoking and taking into account the
regional clustering, this association attenuated for all health insurance categories compared
with privately insured group. For the adjusted model, the risk of NAS for infants covered by
Medicaid was 3.00 (95% CI 2.01, 4.49) times that of privately insured newborns (Table 3).
For the absolute measure of association, the adjusted excess risk (RD) associated with NAS
in the Medicaid vs privately insured newborns was 20.3 cases per 1000 livebirths (95% Cl
17.5, 23.1) (Table 3).
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COMMENT

Principal findings

The study provides the most recent NAS estimates by the type of health insurance coverage
using population-level non—claims data for the state of WV. The results showed that among
all infants diagnosed with NAS, 86% were enrolled in the state's Medicaid programme in
WV. This finding is consistent with other national/state-level studies that also suggest that
Medicaid consistently pays for nearly 80% of NAS cases.}* However, our study showed that
the incidence of NAS in WV was nearly six times the national average in the Medicaid (85.8
vs 14.4 per 1000 livebirths) and privately insured (12.7 vs 2.0 per 1000 livebirths) groups.1?
The northern panhandle region of the state (Region 1) had the highest NAS rates overall

and alarmingly high incidence in the Medicaid population of nearly 10 times the national
Medicaid average (146.2 vs 14.4 per 1000 livebirths).

Strengths of the study

Project WATCH’s data capture NAS cases using population-level data for all newborns

born in the state, recorded by the nurses using medical charts at the time of discharge.11.26
Moreover, data are captured in real time with only a lag time of 1 week, providing the

most current NAS rates compared with publicly available all-payer paediatric inpatient care
database for children (KID) or the State Inpatient Databases (SID) for community hospitals
in WV, currently available for the years 2016 and 2018, respectively.3” This tool also uses

a standard statewide definition for NAS diagnosis that helps in ascertaining NAS cases

more systematically compared with studies that have not adopted a standard definition.23

In addition, Project WATCH has information on important covariates including maternal
substance use, smoking during pregnancy, and other sociodemographic factors. Furthermore,
we present both relative and absolute epidemiological measures of this association compared
with other studies presenting relative measures only. For example, similar to our study,
Atwell and colleagues’ observed high RRs (RR 8.4, 95% CI 7.4, 9.5) for this association in
the state of Wisconsin (W1).15 However, on the absolute scale (RD) we observed more than
sixfolds increase in NAS cases in the Medicaid vs private health insurance group compared
with WI (73.1 vs 10.5 cases per 1000 livebirths in WI).

Limitations of the data

Some of the limitations of our data include lack of information on severity of NAS,

the type(s) of specific maternal substances used, prescribed or illicit drug use, medication-
assisted treatment (MAT) enrolment, duration and timing of exposure in utero, and the
specific detail of the types of health insurance plan within the private and public insurance
groups. Moreover, information on some of the sociodemographic covariates (maternal age
and education) was gathered limited to binary data. Additionally, WV does not have a
universal drug screening programme and hospitals without a universal test may miss infants
potentially at risk of NAS that are discharged prior to the infants exhibiting symptoms.
Furthermore, even though a standardized tool is used to assess for signs and symptoms of
withdrawal, there is a degree of subjectivity in how symptoms may be interpreted, which
is difficult to assess. Lastly, it is difficult to compare results with prior studies without a
standardized national definition of NAS as well as comparison of NAS rates in WV using
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non—claims data with other state and national studies that use claims—based method. Our
future research aims to conduct a validation study comparing claims data to Project WATCH
data in the same time period (2017-2019) for an ideal comparison.

Interpretation

Our results showed the incidence of NAS in WV in 2017-2019 was nearly six times the
national (2014) average in the Medicaid and privately insured groups. Moreover, compared
to other state-level studies as well [Florida,38 Louisiana,3° Tennessee,* and WI5] our study
observed much higher NAS rates in the Medicaid-insured group in WV (85.8 vs 8.0-25.2
cases per 1000 livebirths in other states).415:38.39 Additionally, a prior study by Stabler and
colleagues for the state of WV using 2007-2013 claims data based on NAS diagnostic code
(ICD9-CM 779.5) showed that NAS incidence in the Medicaid population was 25.6 per
1000 livebirths.40 They point out “the HCA-UB (claims) data was created for payment use;
therefore, it is restrictive in its use to research a statewide health condition."*® Moreover, our
earlier work in 2017 showed that ICD-10-CM code for NAS was recorded by less than half
(47.3%) of the infants diagnosed with NAS compared with NAS cases captured in Project
WATCH database.1! Though previous studies have examined disparities in NAS rates by
health insurance, the novel contribution of our study is presenting the most up-to-date NAS
rates by health insurance using statewide non—claims data. However, it should be noted

that the prior state and national studies were conducted prior to 2015 and as NAS rates
have increased across the country the rates from earlier studies would also have increased.
Nonetheless, having ~700 cases of NAS/year in the Medicaid population is an alarmingly
high rate showing the current magnitude of the problem in the state.

West Virginia is a rural Appalachian state in the United States that has high Medicaid
participation rate (53% vs 45% nationally) due to a depressed economy, low income, and
high unemployment rates.*! Medicaid is also the primary payer among pregnant women
with substance use,*2 and WV has high prevalence of substance use during pregnancy as
well (14% vs 8.5% nationally).11:43 Additionally, more than half of the state's population
lives in rural areas,*0:44:45 and disparities in access to MAT programmes for pregnant
women with opioid use disorders,*? are significantly higher in the rurall? and Medicaid
populations.*6 Though WV Medicaid expansion provides coverage to MAT services that
has shown to improve MAT utilization,*’ this population faces several additional barriers
that include distance to the nearest facility, lack of transportation, childcare, and financial
constraints.*> We identified the geographical disparities of NAS by health insurance status
by SAMHSA regions and accounted for the intra-regional variability in our statistical model.
However, future research needs to explore the reasons for the regional variations observed.

It is important to point out that the measures of association should be interpreted with
caution. Although disparities exist based on insurance status and NAS will be higher in the
Medicaid population given the diverse socio-economic risk factors associated with Medicaid
enrolment, the reverse is not true, and it is not the insurance status per se that causes NAS.
However, given that Medicaid pays for more than 85% of newborn hospital stays related

to substance use, state Medicaid agencies are uniquely positioned to develop policies to
target this public health crisis.12 " Eigible pregnant women should be enrolled in Medicaid
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as quickly as possible to facilitate expedited access to routine prenatal care that may allow
access to MAT services earlier in pregnancy."*® These policies could include access to
comprehensive and a fear-free, integrated health care model that includes a high-quality
prenatal care, screenings for substance use disorder and mental health co-morbidities,
early identification of substance use in pregnancy, mental health services, and psychosocial
counselling and treatment of substance using women.” Additional strategies could include
educating women of childbearing age about the risks of prenatal substance exposure and
offer contraception services at addiction treatment programmes,*°® mental health facilities,
and at needle exchange programmes. Multidisciplinary team consisting of clinicians, public
health workers, social workers, and policymakers need to be trained on evidence-based
strategies for prevention and treatment especially focusing on low-income families. Some
of the long-term health outcomes of NAS include behavioural/cognitive problems and
developmental delays.59 Medicaid can play a critical role in providing and facilitating
continued access to services for the newborn and the mother in the postpartum period to
prevent maternal relapse and mitigate the potential negative long-term health outcomes for
these newborns. Additionally, states such as WV need to focus on some of the upstream
factors and develop or expand infrastructure (eg, schools, hospitals, libraries) to improve
economic condition especially in rural areas.>!

CONCLUSION

We studied a critically important topic in a state considered the epicentre of the opioid
crisis.>2 NAS is an important indicator of the immediate effect of this crisis,3 and

this study provides the most up-to-date NAS rates by health insurance coverage for the
state. Computing timely and accurate population parameter is undoubtedly the essence

of epidemiological research studies, and our approach was able to demonstrate the true
magnitude of this serious public health crisis in the state of WV. The result from this study
also demonstrates the relative disparity in NAS rates in WV compared with other states
and national estimates. As state Medicaid is the predominant payer for infants diagnosed
with NAS, these programmes must expand coverage for low-income women and facilitate
linkages of care for mother-infant dyad affected by substance use, to decrease the incidence,
morbidity, and cost-associated with NAS.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Synopsis
Studyquestion
To examine the incidence of NAS by health insurance status in the rural Appalachian

state of West Virginia in the United States using population-level statewide non—claims
data.

What's already known?

Neonatal abstinence syndrome disproportionately impacts Medicaid population. The
national average of NAS is 14.4 per 1000 livebirths in Medicaid-insured newborns. Most
prior studies use claims data to examine this association.

What this study adds?

Our study utilized a population-level non—claims data to provide timely (2017-2019)
and accurate estimates of NAS by health insurance status for the rural state of West
Virginia (WV). The incidence of NAS was 85.8 per 1000 livebirths in the WV Medicaid
population.
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Panel A: West Virginia SAMHSA substate regional classification system for West Virginia.
Colour coding the incidence of NAS across regions from high to low. Panel B: Incidence of
NAS stratified by Medicaid (n = 23 861) and private (n = 20 558) health insurance groups

for WV residents by SAMHSA regions (2017-2019)
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