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Abstract

Objective—To evaluate the association between neonatal abstinence syndrome (NAS) and long-

term childhood morbidity and infant mortality.

Study design—We conducted a cohort study of infants born in Washington State during 1990–

2008 who were diagnosed with NAS (n=1,900) or were unexposed (n=12,283, frequency matched 

by birth year). Five-year hospital readmissions and infant mortality were ascertained.

Result—Children with history of NAS had increased risk of readmission during the first five 

years of life relative to unexposed children; this remained statistically significant after adjustment 

for maternal age, maternal education, gestational age, and intrapartum smoking status 

(readmission rates: NAS=21.3%, unexposed=12.7%, aRR 1.54, 95% CI 1.37–1.73). NAS was 

associated with increased unadjusted infant mortality risk, but this did not persist after adjustment 

(aRR 1.94, 95% CI 0.99–3.80).

Conclusion—The observed increased risk for childhood hospital readmission following NAS 

diagnosis argues for development of early childhood interventions to prevent morbidity.

Introduction

Neonatal abstinence syndrome (NAS) is a drug withdrawal syndrome observed in newborns 

after cessation of fetal exposure to substances taken by the mother during pregnancy or 

received by the newborn early in life1, 2. It may result in a variety of central nervous system, 

respiratory, metabolic, vasomotor and gastrointestinal disturbances, as classically described 
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by Finnegan et al3, 4. The prevalence of NAS is increasing in the US and globally2, 5, 6, 

rising in the US from 1.2 cases per thousand live births in 2000 to 3.4 cases per thousand 

live births in 2009, to 5.8 per thousand live births in 20127, 8. Additionally, the proportion of 

admissions to the neonatal intensive care unit (NICU) for NAS increased nearly fourfold 

from 2004 to 2013, from 7 to 27 cases per 1000 admissions2. NAS is most commonly 

related to opioid exposure, but may also result from exposure to psychotropic medications or 

nonopioid illicit substances1. The majority of published research on NAS and/or antenatal 

opioid exposure focuses on neonatal and perinatal periods6, 9–18. Whether these exposures 

have a long-term effect on childhood morbidity has not been elucidated; however, existing 

literature indicates that neonatal opioid exposure affects several neurobiologic processes in 

animal models19–21 and results in neurocognitive and behavioral issues in humans13, 22. 

Likewise, affected children may grow up in the setting of unstable living situations and other 

socioeconomic consequences of maternal substance use13, 23 which may be important 

mediators for adverse outcomes. Only one prior study, from Australia, assessed longer-term 

outcomes based on hospital readmissions during childhood; it found that infants born with 

NAS were more likely to be hospitalized compared to children without NAS, with 

particularly high risk for maltreatment, trauma, mental health disorders and behavioral 

disorders24. Given substantial differences between the US and Australian healthcare systems 

in access to care, prenatal and postnatal care pathways, infant outcomes and social 

resources24, 25 it is unknown if results from an Australian cohort can be extrapolated to the 

US population.

Given the rising prevalence of NAS, the current epidemic of prescription drug abuse, and 

public health concerns related to maternal substance use in the US, it is critical to understand 

the longer-term implications of NAS. The objectives of this study are to assess whether NAS 

is associated with (1) childhood morbidity, based on the incidence of hospitalization within 

the first five years of life, and (2) infant mortality.

Subjects and methods

Study population

This was a population-based retrospective cohort study of singleton infants born in 

Washington State between 1990 and 2008. Infants were identified using Washington State 

Vital Statistics birth certificate data. These data were linked to Washington State death 

certificate data and to hospitalization records from the Washington State Comprehensive 

Hospital Abstract Reporting System (CHARS), a statewide hospital discharge database 

which contains International Classification of Diseases, Ninth Revision, Clinical 
Modification (ICD-9) codes for diagnoses and procedures. Data from the birth 

hospitalization were obtained for both the infant and mother; subsequent hospitalizations 

from 1990 to 2013 were obtained for the infants. This research was determined to meet 

exempt status by the Washington State Department of Health Institutional Review Board as 

all data were de-identified prior to use. As such, informed consent requirements were 

waived.

The primary exposure was diagnosis of NAS at birth hospitalization, defined by the presence 

of ICD-9 code 779.5 “drug withdrawal syndrome in newborn” in the infant’s linked birth 
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hospitalization discharge data. The comparison group included a sample of infants without 

NAS and without maternal diagnosis codes indicating opioid dependence in the mother 

(maternal ICD-9 diagnosis codes 304.01, “opioid type dependence, continuous” or 304.71, 

“combinations of opioid type drug with any other, continuous.”). A sample of 12,283 

unexposed infants, frequency matched to exposed infants by birth year, formed the 

unexposed cohort for analysis. This sample size provided greater than 99% power to detect a 

difference given a 0.25% risk of outcome in the unexposed and 1% risk of outcome in the 

exposed (estimates for infant mortality), as well as greater than 99% power given a 10% risk 

of outcome in the unexposed and 15% risk in the exposed (estimates for readmission).

Exclusion criteria were designed a priori. We excluded non-singleton infants, those with 

recorded gestational age < 32 weeks or > 45 weeks by obstetric best estimate, or babies of 

mothers already included in the study with another infant. Exclusions on the basis of 

gestational age were to exclude improbable data points as well as infants who might 

otherwise be at a substantially elevated risk of morbidity. Infants of mothers already in the 

study were uncommon, but were excluded because they introduced statistical challenges of 

non-independence of events.

Secondary analyses

Two secondary analyses were performed. First, we analyzed the portion of the exposed 

infants for whom NAS appeared to result from exposure to maternal opioids. This sub-

cohort included infants with NAS as defined above, who also had presence of at least one of 

the following additional diagnosis codes: infant diagnosis code 760.72, “narcotics affecting 

fetus/newborn via placenta or breast milk”; maternal diagnosis codes 304.01, “opioid type 

dependence, continuous”; or maternal diagnosis code 304.71, “combinations of opioid type 

drug with any other, continuous.” This group was included because opioid-related NAS is of 

particular public health and clinical interest. The same unexposed infants described above 

were used as the comparison group.

Second, we examined the portion of infants with NAS diagnosis who required admission to 

the neonatal ICU during the birth hospitalization, as a surrogate marker for severe NAS. We 

compared these infants to both those with NAS who did not require admission to the ICU, as 

well as to the group of infants without NAS or opioid exposure. Data on neonatal ICU 

admission was included in the dataset beginning in 2003; thus, these analyses included only 

births occurring in 2003–2008.

Outcomes

The primary outcome was the occurrence of at least one hospital readmission in the first five 

years of life (after discharge from the birth hospitalization). Secondary outcomes were infant 

mortality (death within the first year of life) and reason for readmission. Transfers to another 

hospital after birth were not included as readmissions. Reason for admission was 

operationalized by ICD-9 diagnosis codes obtained from CHARS for up to nine diagnoses 

for each readmission. We utilized ICD-9 code and infant age data for up to the first four 

readmissions in the first five years of life, which provided data on 94.8% of all readmissions. 
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The diagnostic categories and ICD-9 ranges used in this study were adapted from ICD-9 

categories, as listed in Supplementary Table 1.

Statistical analyses

Potential confounders were chosen a priori and included maternal age, maternal cigarette 

smoking during pregnancy, maternal education, year of birth, maternal race/ethnicity, 

gestational age, prolonged infant length of stay during the birth hospitalization (more than 3 

days), and whether the infant had a concomitant medical condition or congenital anomaly 

diagnosed during the birth hospitalization. Missing data were omitted from analyses; this 

was uncommon (0–5.2%) and similar across exposure groups. The exception was for 

maternal and infant intensive care unit (ICU) admission at birth hospitalization, which were 

available only for births from 2003–2008.

Demographic data and patient characteristics were compared using Chi square tests for 

categorical variables. Measures of association between exposure and outcome were assessed 

using relative risks (RR) and Wald-based 95% confidence intervals (CI) based on Mantel-

Haenszel calculations. Final analyses were adjusted for maternal race, maternal education 

status, maternal smoking status, and gestational age; all other variables thought a priori to be 

potential mediators or confounders (including presence of concomitant medical conditions / 

congenital anomalies) showed ≤ 2% difference between the crude and Mantel-Haenszel 

adjusted relative risk for readmission. An alpha level of 0.05 was used, with two-sided tests 

throughout. The data met test-based assumptions for normality and equal variance. Analyses 

were performed in Stata version 14 (StataCorp, College Station, TX).

Results

The study population included 1,900 infants diagnosed with NAS and 12,283 unexposed 

infants without NAS or known antenatal opioid exposure.

Maternal and infant characteristics

Demographic and health characteristics differed between exposure groups, as demonstrated 

in Table 1. Notably, for birth years 2003–2008 when neonatal ICU admission data was 

available, infants with NAS diagnosis were more likely to be premature, to require ICU care 

and to have prolonged hospital stays compared to unexposed infants. Mothers of infants with 

NAS were younger, less likely to have finished high school, more likely to be unemployed, 

more likely to smoke, and more likely to have Medicaid as the primary maternal payer.

Risk of infant mortality

Infant mortality was 1.00% in the any NAS cohort and 0.29% in the unexposed cohort, as 

shown in Table 2. These correspond to unadjusted risk ratios of 3.41 (95% CI 1.96, 5.94) for 

infants with NAS compared to unexposed infants; however, after adjusting for maternal age, 

maternal education, gestational age, and intrapartum smoking status; the rate of infant death 

was not significantly elevated.
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Risk of readmission

Children with history of NAS diagnosis were significantly more likely than unexposed 

infants to be readmitted to the hospital in the first five years of life, as shown in Table 2. 

Over the five year time period, 21.3% of patients with any NAS diagnosis had at least one 

readmission, compared to 12.7% of unexposed infants with at least one readmission. After 

adjusting for maternal age, maternal education, gestational age, and intrapartum smoking 

status, the increased risk of readmission associated with NAS exposure persisted: the 

adjusted RR for any NAS diagnosis relative to unexposed was 1.54 (95% CI 1.37, 1.73). 

Given that gestational age is a probable mediator between NAS exposure and 

rehospitalization, we also performed analyses without adjusting for gestational age and 

found that the magnitude and direction of the relative risk was similar to that reported above.

Of 2,650 readmissions assessed, 61.1% (n=1,620) occurred in the first year, 17.1% (n=454) 

occurred in the second year, 10.2% (n=269) occurred in the third year, 6.6% (n=176) 

occurred in the fourth year, and 4.9% (n=131) occurred in the fifth year.

Reason for readmission

For children with at least one hospital readmission in the first five years of life, reasons for 

readmission were evaluated for up to the first four readmissions. Table 3 presents data for all 

diagnostic categories for which there were at least 50 total readmissions, as well as for 

intentional injuries/child abuse/neglect. Children with history of NAS were more likely than 

unexposed children to be readmitted for several conditions, including infectious and 

parasitic diseases, diseases of the nervous system, diseases of the respiratory system, 

diseases of the digestive system, diseases of skin and subcutaneous tissue, infections and 

cellulitis, and perinatal conditions. Children with history of NAS had higher unadjusted rates 

of readmission for injury and poisoning overall, as well as for injuries purposely inflicted by 

other persons; however, these did not persist after adjustment for maternal race, maternal 

education, gestational age and intrapartum smoking status.

Secondary analyses

The sub-cohort of infants with NAS and documented exposure to maternal opioids contained 

506 infants; as before, the comparison group included 12,238 unexposed infants. As shown 

in Supplementary Table 2, maternal and infant characteristics differed in a similar pattern to 

that for the primary analysis. We next considered all-cause infant death; while this occurred 

in a greater proportion of exposed vs. unexposed infants, there was no statistically 

significant difference after adjustment for maternal race, maternal education, gestational age 

and intrapartum smoking status (0.79% in exposed vs. 0.29% in unexposed; aRR 1.60, 95% 

CI 0.48, 5.31). All-cause readmission was more common in exposed vs. unexposed infants, 

and the difference was significant after adjustment (21.9%) in exposed vs. 12.7% in 

unexposed; aRR 1.67, 95% CI 1.38, 2.02). We assessed reasons for readmission in this 

cohort as well; infants with NAS and documented exposure to maternal opioids were 

significantly more likely to have readmissions for infectious, neurologic, respiratory, 

digestive, skin, perinatal conditions or asphyxia after adjustment. Complete data are 

available in Supplementary Tables 3 and 4.
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The sub-cohort of infants with NAS admitted to the neonatal ICU during birth 

hospitalization from 2003–2008 included 382 infants. We compared these to both unexposed 

infants (n=6390 from 2003–2008) and to infants with NAS without neonatal ICU admission 

(n=679). While the proportion of exposed infants sustaining all-cause infant death and all-

cause readmission exceeded the proportion in either comparison group, a statistically 

significant increase persisting after adjustment was present only when comparing the risk of 

all-cause readmission among exposed infants relative to unexposed infants (26.2% in 

exposed vs. 12.9% in unexposed; aRR 1.51 (1.24, 1.84). Complete results are shown in 

Supplementary Table 5.

Discussion

Among infants born in Washington State from 1990 to 2008, children with history of NAS 

diagnosis were more likely to be readmitted in the first five years of life than unexposed 

children. We found that this difference was above and beyond the effects of prematurity and 

major proxies for socioeconomic status (maternal education and race). In contrast, although 

children with history of NAS had a higher level of infant mortality than unexposed children, 

this association was no longer statistically significant after adjustment for maternal 

characteristics and gestational age. Similar patterns were seen in our secondary analysis of 

infants with NAS and documented exposure to maternal opioids.

Infants in our study with NAS were more likely to be born to mothers who smoked and 

mothers of lower socioeconomic status as evidenced by proxies of insurance status, 

unemployment and education. NAS infants were also more often premature, despite that we 

excluded early preterm infants (<32 weeks) to reduce confounding. While this prematurity 

data is consistent with several Australian and Swedish studies24, 26, 27, there is also existing 

data to suggest that NAS may be less symptomatic in preterm infants28 or that preterm 

infants may be less likely to develop NAS29. Infants with NAS in our study also had longer 

lengths of stay at birth hospitalization than unexposed infants and greater likelihood of 

neonatal ICU admission, which may relate to their need supportive care, potentially 

including pharmacologic (primarily morphine during the timeframe of this study30, 31), or 

non-pharmacologic interventions32. As in other analyses, these patterns were similar in our 

secondary analysis of infants with NAS and documented exposure to maternal opioids.

Our data showed that NAS was associated with an increased risk of rehospitalization for a 

wide variety of diagnoses including infectious, neurologic, respiratory and digestive 

diseases. Previous reports have assessed childhood neurodevelopment in infants with 

NAS13, 16 but only a single prior study has evaluated medical conditions across organ 

systems. A study from Australia found a similarly increased risk of rehospitalization in 

children with history of NAS compared to unexposed children24. Both studies found an 

increased rate of asthma, respiratory infections and digestive diseases. The Australian study 

did identify an elevated rate of rehospitalization for mental and behavioral disorders which 

we did not observe; however, we hypothesize that this difference is because such disorders 

are not commonly diagnosed in first 5 years of life (their study included up to 13 years of 

follow up) and when present, are likely to be treated in the outpatient setting. Interestingly, 

we did not observe a significant increase in adjusted rates of rehospitalization for injury. 
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Given that the unadjusted relative risks showed a significant differenced but our adjusted 

relative risks did not, these outcomes may be more strongly associated with environmental 

and sociodemographic variables, some of which may be collinear with our adjustment 

variables. We did observe a significant increase in adjusted rates of intentional injury/child 

abuse/neglect; these findings may be more specific to the NAS population than injury more 

broadly. Ultimately, it appears that children with history of NAS may have higher risk for 

readmission for a broad range of diagnoses. Whether this observation results from exposure 

to unhealthy environments and less preventative care or from biological changes induced by 

NAS is unclear; regardless these children may benefit from targeted interventions.

The increase in NAS prevalence in the US has led to efforts in healthcare systems to improve 

care delivered to affected infants2, 33; however, interventions have focused on the initial 

hospitalization rather than the long-term consequences of exposure. Our findings suggest 

that interventions to address risks and outcomes of infants with NAS should not be limited to 

this early period; rather, they should extend to at least the first five years of life.

We acknowledge that this study has several limitations. First, we relied on administrative 

data that may have led to misclassification of children with NAS or opioid abuse. NAS is 

thought to be under-ascertained in hospital discharge databases, which require ICD-9 code 

assignment to identify patients34. If our unexposed group contained undocumented NAS or 

opioid exposed cases our measures of association may be attenuated; however, it is also 

possible that we are capturing only the most severe cases, which may increase our observed 

measures of association. Likewise, we expect that infant and maternal codes documenting 

infant exposure to maternal opioids are likely to be underreported. Thus, while our 

subcohort focusing on these infants is likely to be quite specific, it is likely that many more 

of those in the any NAS cohort also developed NAS from exposure to maternal opioids. As 

such, it is not particularly surprising that the results for the two groups are similar. Second, 

the populations we studied may have differential loss to follow-up, which is important due to 

the longitudinal nature of our study. Due to different social support or community ties, 

mothers of children with NAS because of opioid or other substance abuse may be at greater 

risk to relocate out of Washington State and therefore be lost to follow-up. However, we 

would expect this differential loss to attenuate our results, since our primary outcome was 

hospital readmission and migration out of the state would selectively decrease the observed 

rate of the primary outcome in children born with NAS. Third, we did not have data on the 

dose of opioids or other substances used by mothers, nor did we have data on treatment 

during the birth hospitalization for opioid-exposed and NAS infants. Future research would 

need to explore whether treatment of infants and social work intervention with parents 

during the birth hospitalization may modify the risk of and reasons for hospital readmission 

in children with NAS. Fourth, we lacked data on the proportion of patients removed from the 

home and/or placed into foster care following birth or during early childhood. If more 

infants with NAS were moved into lower-risk environments, this would be expected to 

attenuate the observed outcomes. Finally, our ability to examine the potential influence of 

NAS on infant mortality was limited by the relatively small number of deaths that occurred 

in the study population.
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In conclusion, in this population-based cohort of children born in Washington State from 

1990 to 2008, we found substantial increases in the risk of hospital readmission in the first 

five years of life among children with NAS and among a subcohort of children with NAS 

and documented exposure to maternal opioids, compared to unexposed infants. Future 

research should evaluate the biologic pathways affected by these diagnoses, focusing on the 

diseases for which this study found a greater risk of hospital readmission. As healthcare 

systems, clinicians and policymakers develop strategies to improve care for patients with 

antenatal substance exposure, our data suggest that it could be advantageous to extend 

interventions into at least the early years of childhood.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Table 1

Maternal and infant characteristics among infants with NAS and unexposed infants, Washington State, 1990–

2008.

Characteristics
Infants with NAS

(n=1,900), %
Unexposed infants

(n=12,283), % P valuea

Maternal age (years) <0.001

 < 20 4.7% 14.0%

 ≥ 20 and < 35 79.5% 74.2%

 ≥ 35 15.8% 11.9%

Male infant sex 54.6% 51.3% 0.01

Smoking during pregnancy 60.2% 12.2% <0.001

Maternal education less than high school 37.7% 27.7% <0.001

Maternal race <0.001

 White 78.4% 71.3%

 Black 6.7% 4.0%

 Hispanic 3.4% 12.7%

 Other or unknown 11.5% 12.0%

Maternal admission to ICU during birth hospitalization 0.01

 Yes 0.6% 0.2%

 No 99.4% 99.8%

 Missing (data not available prior to 2003) 47.3% 49.3%

Infant admitted to neonatal ICU during birth hospitalization <0.001

 Yes 39.7% 5.0%

 No 60.3% 95.0%

 Missing (data not available prior to 2003) 49.4% 49.2%

Gestational age (weeks) b <0.001

 < 34 3.3% 0.8%

 ≥ 34 and < 37 20.1% 5.6%

 ≥ 37 76.7% 93.7%

Concomitant illness diagnosed at birth hospitalizationc 4.1% 1.8% <0.001

Infant birth hospitalization length of stay > 3 days 80.7% 11.8% <0.001

Medicaid as primary maternal payer 61.0% 37.3% <0.001

Mother unemployed 13.7% 4.8% <0.001

Footnotes: Abbreviations: NAS = neonatal abstinence syndrome, ICU = Intensive care unit

Percentages for ICU admission (yes/no) are based on non-missing data.

a
P values derived from Chi square tests

b
Infants with gestational age <32 weeks, or >45 weeks were excluded

c
Based on birth certificate data and ICD-9 codes from infant’s birth hospitalization discharge data.
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Table 2

Association between infant NAS exposure, risk of infant death, and risk of hospital readmission during the 

first five years of life, Washington State, 1990–2013.

Infants with outcome event, n(%) Risk of diagnosis among infants with NAS, relative to 
unexposed infants, RR (95% CI)

Five-year outcome Infants with 
NAS (n=1900) Unexposed infants (n=12,283) Unadjusted relative risk Adjusted relative riska

All-cause infant death 19 (1.00%) 36 (0.29%) 3.41 (1.96, 5.94) 1.94 (0.99, 3.80)

All-cause readmission 405 (21.3%) 1,558 (12.7%) 1.68 (1.52, 1.85) 1.54 (1.37, 1.73)

Footnotes: Abbreviations: NAS = neonatal abstinence syndrome, RR = relative risk, aRR = adjusted relative risk, CI = confidence interval. Infant 
death is defined as within the first year of life.

a
Adjusted relative risks account for maternal race, maternal education, gestational age and intrapartum smoking status.
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Table 3

Categories of hospital readmission in the first five years of life among infants with NAS compared to 

unexposed infants, Washington State, 1990–2013.

Diagnostic categoriesa

Infants with at least one readmission in a given 
diagnostic category in the first five years of life, n 

(%)

Risk of diagnosis among infants with NAS, relative 
to unexposed infants; RR (95% CI)

Infants with 
NAS (n=1,900) Unexposed infants (n=12,283) Unadjusted relative risk Adjusted relative riskb

Infectious and parasitic 
diseases

114 (6.00%) 394 (3.21%) 1.87 (1.53, 2.29) 1.72 (1.35, 2.21)

Diseases of the nervous 
system

24 (1.26%) 59 (0.48%) 2.63 (1.64, 4.22) 2.07 (1.12, 3.82)

Epilepsy, convulsions 20 (1.05%) 62 (0.50%) 2.09 (1.26, 3.44) 1.80 (0.94, 3.42)

Diseases of the respiratory 
system

200 (10.53%) 620 (5.05%) 2.09 (1.79, 2.43) 1.59 (1.33, 1.91)

 Acute respiratory 
infections, pneumonia, 
influenza

58 (3.05%) 208 (1.69%) 1.80 (1.35, 2.40) 1.28 (0.92, 1.77)

 Asthma 70 (3.68%) 165 (1.34%) 2.74 (2.08, 3.61) 1.82 (1.29, 2.57)

Diseases of the digestive 
system

72 (3.79%) 214 (1.74%) 2.18 (1.67, 2.83) 2.07 (1.49, 2.86)

Diseases of the 
genitourinary system

35 (1.84%) 99 (0.81%) 2.29 (1.56, 3.35) 2.28 (1.49, 3.50)

Diseases of the skin and 
subcutaneous tissue

53 (2.79%) 106 (0.86%) 3.23 (2.33, 4.48) 3.04 (2.12, 4.36)

 Infections and cellulitis 22 (1.16%) 34 (0.28%) 4.18 (2.45, 7.14) 3.57 (2.06, 6.19)

Conditions originating in 
the perinatal period

86 (4.53%) 386 (3.14%) 1.44 (1.15, 1.81) 1.53 (1.17, 2.00)

 Perinatal infections 13 (0.68%) 47 (0.38%) 1.79 (0.97, 3.30) 1.96 (0.99, 3.87)

Asphyxia 13 (0.68%) 46 (0.37%) 1.83 (0.99, 3.38) 1.60 (0.79, 3.25)

Injury and poisoning 17 (0.89%) 56 (0.51%) 1.96 (1.14, 3.37) 1.58 (0.75, 3.31)

Injury purposely inflicted 
by other persons, neglect, 
child abuse

6 (0.32%) 6 (0.05%) 6.46 (2.09, 20.02) 4.46 (1.16, 17.15)

Footnotes: Abbreviations: NAS = neonatal abstinence syndrome, aRR = adjusted relative risk, CI = confidence interval.

a
Diagnostic categories, based on ICD-9 code ranges, were assessed for up to the first four readmissions in the first five years of life, accounting for 

94.8% of the total count of readmissions during this timeframe. Diagnoses for which there were at least 50 total occurrences are presented in the 
table.

b
Adjusted relative risks accounted for maternal education, gestational age, race and intrapartum smoking.
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