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Abstract

Objective—Neonatal abstinence syndrome (NAS), a postnatal opioid withdrawal syndrome,
increased 3-fold from 2000 to 2009. Since 2009, opioid pain reliever prescriptions and
complications increased markedly throughout the US. Understanding recent changes in NAS and
its geographic variability would inform state and local governments in targeting public health
responses.

Study Design—We utilized diagnostic and demographic data for hospital discharges from 2009
to 2012 from the Kids’ Inpatient Database and the Nationwide Inpatient Sample. NAS-associated
diagnoses were identified utilizing ICD-9-CM codes. All analyses were conducted with nationally
weighted data. Expenditure data were adjusted to 2012 US dollars. Between-year differences were
determined utilizing least squares regression.

Results—From 2009 to 2012, NAS incidence increased nationally from 3.4 (95%Cl: 3.2-3.6) to
5.8 (95%CIl 5.5-6.1) per 1,000 hospital births, reaching a total of 21,732 infants with the diagnosis.
Aggregate hospital charges for NAS increased from $732M to $1.5B (p<0.001), with 81%
attributed to state Medicaid programs in 2012. NAS incidence varied by geographic Census
division, with the highest incidence rate (per 1000 hospital births) of 16.2 (95%CI 12.4-18.9) in
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the East South Central Division (KY, TN, MS, AL) and the lowest in West South Central Division
2.6 (95%CI 2.3-2.9; [OK, TX, AR, LA)).

Conclusion—NAS incidence and hospital charges grew substantially during our study period.
This costly public health problem merits a public health approach to alleviate harm to women and
children. States, particularly in areas of the country most affected by the syndrome, must continue
to pursue primary prevention strategies to limit the effects of opioid pain reliever misuse.

Keywords

Neonatal abstinence syndrome; neonatal drug withdrawal syndrome; neonatal opioid withdrawal
syndrome; opioid pain reliever

Introduction

Methods

Neonatal abstinence syndrome (NAS) is a withdrawal syndrome that occurs in opioid-
exposed infants shortly after birth.(1-3) Infants with NAS have longer, more complicated
postnatal hospitalizations characterized by a myriad of clinical signs ranging from feeding
difficulty to seizures.(1, 4, 5) Recently, NAS emerged as a significant public health problem,
increasing in number and healthcare expenditures.(5) By 2009, one infant was born per hour
with the syndrome accounting for an estimated $720 million in hospital charges.(5) The
increase in NAS occurred temporally with an increase in opioid pain reliever (OPR) use(6)
among several populations, including pregnant women.(7, 8)

Data from the Centers for Disease Control and Prevention suggest that since 2009, when the
most recent national estimates of NAS were reported, OPR use continued to increase. In
2012, the total number of OPR prescriptions rose to 259 million, enough for every American
adult to have one bottle.(9, 10) Recent data also highlight substantial variation in OPR use
across different US geographic regions.(9) To date, however, there are no national studies
describing geographic variation in NAS. Understanding recent changes in NAS, including
its variability in geographic regions would inform state and local governments in targeting
public health responses.

We sought to determine if the incidence of NAS increased since 2009 in parallel with the
marked increase in OPR use nationally and if the incidence varied across the US. Further,
we aimed to determine if healthcare utilization patterns of infants with NAS changed over
time.

Study Design and Setting

For this retrospective serial cross-sectional analysis, we used data from the Kids’ Inpatient
Database (KID) for 2009 and 2012 and from the Nationwide Inpatient Sample (NIS) for
2010 and 2011. Both datasets are compiled by the Agency for Healthcare Research and
Quality as part of the Healthcare Utilization Project (HCUP). The KID is the largest publicly
available all-payer database for hospitalized children in the US. The KID contains 2 to 3
million pediatric inpatient records per year from 2,500 to 4,100 hospitals and is created
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through systematic random sampling to select 10% of uncomplicated term births and 80% of
other pediatric discharges. This sampling strategy gives the KID statistical power to evaluate
rare conditions and provide more precise point estimates for all pediatric conditions.(11) The
NIS is the largest publicly available all-payer inpatient database in the US, containing more
than 8 million hospital stays sampled from a 20% stratified sample of 1,000 community
hospitals.(12) Both the KID and NIS have been used broadly in national studies of
pediatric(5, 13, 14) and adult(5, 15, 16) conditions. As the study used de-identified data, it
was considered exempt from human subjects review by the Vanderbilt University School of
Medicine.

Identification of Sample

Infants with NAS were identified if the International Classification of Diseases, Ninth
Revision, Clinical Modification (ICD-9-CM) code 779.5 (drug withdrawal syndrome in a
newborn) appeared in any 1 of 25 diagnostic fields.(17) Infants with presumed iatrogenic
NAS from medical treatment were excluded using strategies described previously.(5) KID
and NIS provide data for hospital births using ICD-9-CM codes (V3000 to V3901 with the
last two digits of “00” or “01”) if the patient is not transferred from another acute care
hospital or health care facility. Uncomplicated births are identified using the diagnosis
related group code for “Normal Newborn” (391, version 24).(11, 12)

Descriptive Variables

Infants with NAS are more likely to have neonatal respiratory complications, feeding
difficulty, seizures, and low birthweight.(1) Clinical characteristics of infants were obtained
using the following ICD-9-CM codes in any one of the diagnostic fields during the birth
hospitalization: transient tachypnea of the newborn (770.6), meconium aspiration syndrome
(770.11, 770.12), respiratory distress syndrome (769.x), other neonatal respiratory diagnoses
(770.x excluding above codes and 770.7), feeding difficulty (779.3x), concern for sepsis
(771.81), jaundice (774.x) and seizure (779.0, 780.3). Additional descriptive variables,
including primary payer (private, Medicaid, uninsured, and other) and sex were provided in
the KID and NIS.

Outcome Variables

National incidence rates of NAS were estimated by dividing the total number of infants with
NAS by the total number of hospital births and expressed as incidence per 1,000 births.
Beginning in 2012, the KID and NIS samples increased, providing sufficient reliability to
create estimates by US Census Bureau geographic division. Length of stay (LOS) data were
obtained from the KID and NIS; as infants not receiving pharmacotherapy for NAS are
unlikely to have LOS >6 days,(1) we evaluated LOS for all infants with NAS and then for
infants with NAS who had a LOS >6 days (presumed pharmacologically treated).
Throughout the manuscript we will refer to infants presumed to be pharmacologically
treated as “pharmacologically treated.” Hospital charges were obtained from the KID and
NIS and adjusted to 2012 US$.(18) Missing charges (<3%) were imputed using a regression
approach using the command “impute” with diagnosis related groups, LOS, age and NAS as
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predictors. Mean charges before and after imputation were compared and were not
significantly different; data with imputed values are presented.

Data Analysis

Results

Statistical analyses were conducted using Stata Version 13.1 (StataCorp, College Station,
TX). For all analyses, survey weights provided by HCUP were applied to facilitate
nationally representative estimates. For 2012, differences in clinical characteristics and
primary payer for infants with NAS versus all other hospital births were assessed. Trends for
LOS and hospital charges were evaluated using variance weighted least squared regression.
(5) NAS incidence rates were calculated by division (9 overall: New England, Mid-Atlantic,
East North Central, West North Central, South Atlantic, East South Central, West South
Central, Mountain, Pacific) for 2012. Maps were generated to evaluate geographic variation
of NAS using the spmap command(19) in Stata, with map data obtained from the National
Oceanic and Atmospheric Administration.(20) Throughout our analysis, all testing was 2-
sided, with data reported with standard errors or 95% confidence intervals.

In 2012, there were an estimated 21,732 (95% CI 20,052-23,413) infants diagnosed with
NAS and 3,716,916 (95%CI 3,607,375-3,826,456) other hospital births. Infants with NAS
were more likely than other hospital births to have complications, including low birthweight
(24.4% vs. 7.2%), transient tachypnea of the newborn (11.7% vs. 3.1%), meconium
aspiration syndrome (2.8% vs. 0.4%), respiratory distress syndrome (4.5% vs. 2.0%),
jaundice (32.8% vs. 19.1%), feeding difficulty (17.3% vs. 3.0%), seizures (1.4% vs. 0.1%)
and possible sepsis (14.8% vs. 2.2%; p<0.001). Infants with NAS were also more likely than
other hospital births to be insured by Medicaid (81.5% vs. 46.4%; p<0.001; Table 1).

From 2009 to 2012, incidence (95%Cl) of NAS increased from 3.4 (3.2-3.6) to 5.8 (5.5-6.1)
per 1,000 hospital births overall (Figure 1). There was significant geographic variation in
NAS diagnoses. In the most recent study year, the East South Central division (Kentucky,
Tennessee, Mississippi, Alabama) had the highest incidence of NAS at 16.2 (12.4-18.9) per
1,000 hospital births, compared with the West South Central division (Oklahoma, Texas,
Arkansas, Louisiana) with the lowest national incidence rate of 2.6 (2.3-2.9) per 1,000
hospital births (Figure 2).

From 2009 to 2012, there was no significant change in overall mean LOS for all NAS
infants, pharmacologically treated NAS infants, or for uncomplicated term infants with
mean LOS in 2012 of 16.9 (16.0-17.7), 23.0 (22.2-23.8), and 2.1 (2.1-2.1) days,
respectively. Inflation-adjusted mean hospital charges increased for all groups and in 2012
reached $66,700 ($61,800-$71,600) for infants with NAS, $93,400 ($86,900-$100,000) for
pharmacologically treated NAS infants, and $3,500 ($3,400-$3,600) for uncomplicated term
infants (Table 2).

During the study period aggregate hospital charges for NAS nearly doubled, from an
estimated total of $731,841,300 in 2009 to $1,449,389,600 in 2012. Through all study years
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the majority of hospital charges were attributed to state Medicaid programs, growing from
$563,809,300 to $1,170,206,600 (Table 3, p<0.001).

Discussion

The incidence of NAS in the United States nearly doubled during our study period and has
grown nearly 5-fold since 2000.(5) NAS results in longer, more costly, and complicated
hospital stays when compared to other hospital births. The rapid rise in NAS parallels the
increase in OPR use in the US, suggesting that preventing opioid overuse and misuse,
especially before pregnancy, may prevent NAS. NAS is a rapidly increasing public health
problem that merits a focused public health approach to mitigate its now far-reaching
impact.

We found significant geographic variation in NAS that parallels variations in OPR
prescribing.(9) We found high rates of NAS in New England (Maine, New Hampshire,
Vermont, Massachusetts, Rhode Island, Connecticut; 13.7, 95%CI 12.5-14.5) and the East
South Central (Kentucky, Tennessee, Mississippi, Alabama; 16.2, 95%Cl 12.4-18.9)
divisions. The New England division contains 2 of the top 5 prescribing states of long-acting
OPR (Maine, New Hampshire) and the East South Central division contains 3 of the top 5
prescribing states of short-acting OPR (Alabama, Tennessee, Kentucky),(9) further
supporting the association between increased OPR prescribing and NAS.

As expected, we found that infants with NAS were more likely to have low birthweight,
significant respiratory complications including meconium aspiration and respiratory distress
syndrome, feeding difficulties, possible sepsis and seizures - all of which may have
contributed to longer LOS compared to other hospital births. More difficult to measure are
the associated costs to families affected by the syndrome. Hospitalization for NAS most
commonly involves an admission to a neonatal intensive care unit that disrupts maternal and
infant bonding. Preventing NAS will prevent the clinical complications of the syndrome and
potentially improve outcomes more difficult to measure, including maternal attachment.(21)

Infants with NAS had an overall mean LOS of 16 days and those requiring pharmacologic
treatment had a mean LOS of 23 days. We hypothesize that overall mean LOS is positively
skewed by some infants who are non-pharmacologically treated or show minimal signs of
withdrawal. Interestingly, LOS did not change significantly for either group during the study
period. Care for NAS is variable,(4, 22) and research suggests that LOS may be able to be
decreased with protocol adherence,(23) use of clonidine as an adjunct,(24) breastfeeding
when appropriate (e.g., when the mother is enrolled in treatment),(25-27) rooming in,(28,
29) and a site of care outside of the neonatal intensive care unit environment.(30)

Notably, some cases of NAS in our cohort likely occurred in the setting of medication-
assisted treatment (MAT) with methadone or buprenorphine. For pregnant women with
opioid dependency, current evidence suggests that enrollment in MAT improves pregnancy
outcomes including preterm birth.(31, 32) However, the literature supporting MAT in
pregnancy was developed in the context of heroin use; data supporting optimal management
of pregnant women with OPR dependency are limited.(31) With increasing use of OPR in
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pregnancy,(7) there is an urgent need for research to guide appropriate management of OPR
dependency in pregnancy.

Nationally, over 80% of infants with NAS are enrolled in state Medicaid programs,
accounting for the majority of the estimated $1.5 billion in total hospital charges for the
syndrome. Given the length of NAS-related hospital care, some states incur substantial
expenditures in their Medicaid programs for NAS. For example, the Tennessee Medicaid
program estimates that infants with NAS accounted for 1.7% of live births but 13.0% of
expenditures on births in 2012.(33) In addition to administering and partially funding
Medicaid, states also regulate prescribers and pharmacists. Therefore, states are well
positioned to employ public health interventions aimed at preventing OPR misuse.
Prescription drug monitoring programs (PDMPs) are an intervention employed in every state
except Missouri.(34) PDMPs vary in scope and structure and are a tool to prevent behaviors
that increase risk of OPR-related complications (e.g. targeting doctor shopping to mitigate
risk of overdose death(35)).

Our study contains limitations that merit discussion. First, our reliance on administrative
data may lead to misclassification bias. There are few studies comparing administrative to
clinical data; however, one study noted that administrative data systematically underreported
actual NAS.(36) Next, it is possible that the increase in NAS we observed is secondary to
observer bias, as the syndrome has received significant attention recently. However, the
temporal increases in NAS we observed mirror national increases in OPR use and adverse
effects (e.g. overdose deaths) attributed to their use. Further, our finding of significant
geographic variability in the diagnosis of NAS correlated with geographic variations in use
and adverse effects in the US.(9) In addition, it is important to note that hospital charges do
not equal hospital costs and do not include professional fees. In our analysis, we assumed
that infants with NAS who had a LOS less than 7 days were not pharmacologically treated;
however, this may not always be true.

Conclusion

NAS has grown nearly 5-fold since 2000, accounting for an estimated $1.5 billion in annual
hospital expenditures across the US. This costly public health problem merits a public health
approach to alleviate harm to women and children. Federal and state policymakers should be
mindful of the impact the OPR epidemic continues to have on pregnant women and their
infants and consider these vulnerable populations in efforts aimed at primary prevention.
Lastly, efforts aimed at primary prevention and treatment improvements should be targeted
at the most affected areas of the country.
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Figure 1. Incidence of neonatal abstinence syndrome per 1,000 hospital birthsin the United

States, 2009-2012

* Data obtained from the Kids’ Inpatient Database for 2009 and 2012 and from the

Nationwide Inpatient Sample in 2010 at 2011.

** 2009: 3.4 (95%CI 3.2-3.6); 2010: 4.8 (95%CI 4.3-5.2); 2011: 5.0 (95%CI 4.4-5.4); 2012:

5.8 (95%CI 5.5-6.1)
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Neonatal Abstinence Syndrome per 1000 Hospital Births by US Census Division, 2012
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Division 1 (New England): Maine, New Hampshire, Vermont, Massachusetts, Rhode Island, Connecticut

Division 2 (Mid-Atlantic): New York, Pennsylvania, New Jersey

Division 3 (East North Central): Wisconsin, Michigan, lllinois, Indiana, Chio

Division 4 (West North Central): Missouri, North Dakota, South Dakota, Nebraska, Kansas, Minnesota, lowa

Division 5 (South Atlantic): Delaware, Maryland, District of Columbia, Virginia, West Virginia, North Carolina, South Carolina, Georgia, Florida
Division 6 (East South Central): Kentucky, Tennessee, Mississippi, Alabama

Division 7 (West South Central): Oklahoma, Texas, Arkansas, Louisiana

Division 8 (Mountain): Idaho, Montana, Wyoming, Nevada, Utah, Colorado, Arizona, New Mexico

Division 9 (Pacific): Alaska, Washington, Oregon, California, Hawaii

Figure 2. Incidence of neonatal abstinence syndrome per 1,000 hospital birthsby US Census
Bureau geographic division, 2012
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