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Abstract

Background: Neonatal abstinence syndrome (NAS) is a withdrawal syndrome in newborns and 

is frequently caused by maternal opioid use during pregnancy. Our study examines whether NAS 

is associated with birth defects in Delaware.

Methods: We conducted a retrospective analysis of linked Delaware birth certificate data (BCD), 

hospital discharge data (HDD), and birth defects registry (BDR) data to examine the association 

between NAS and birth defects for all hospital births to Delaware residents from 2010 to 

2017. Birth defects data were abstracted from medical records from Delaware’s BDR. We used 

International Classification of Diseases Ninth and Tenth Revision Clinical Modification (ICD-9-

CM/ICD-10-CM) 779.5 and P96.1 codes to determine NAS using HDD and excluded iatrogenic 

cases of NAS. We estimated crude and adjusted odds ratio with 95% confidence intervals (CIs).

Results: During 2010–2017, there were 2,784 cases of birth defects and 1,651 cases of NAS 

in Delaware. Among infants with a diagnosis of NAS, 56 also had a birth defect (3.4%), similar 

to 2,728 birth defects among 79,636 infants without a diagnosis of NAS (3.4%). We found no 
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statistically significant association between an NAS diagnosis and birth defects (adjusted odds 

ratios = 1.0; 95% CI: 0.8–1.3).

Conclusions: Our multiyear state-wide study using linked BCD, HDD, and BDR data for 

Delaware did not show a statistically significant association between infants diagnosed with NAS 

and birth defects, overall.
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1 | BACKGROUND

Nationwide, opioid use disorder during pregnancy quadrupled, from 1.5 cases per 1,000 

delivery hospitalizations to 6.5 per 1,000 delivery admissions between 1998 and 2014 

(Haight, Ko, Tong, Bohm, & Callaghan, 2018; Maeda, Bateman, Clancy, Creanga, & 

Leffert, 2014). The most recent estimates suggest that during 2008–2012, there was an 

increase in the percentage of Medicaid-enrolled women who filled at least one opioid 

prescription during pregnancy (Ailes et al., 2015). Neonatal abstinence syndrome (NAS) 

is a withdrawal syndrome in newborns frequently caused by maternal opioid use through 

in utero exposure during pregnancy (Patrick et al., 2012; Patrick, Davis, Lehmann, & 

Cooper, 2015). Jansson and Velez noted that “exposures such as cocaine, nicotine, SSRIs 

(selective serotonin reuptake inhibitors), and polydrugs can potentiate the infant’s expression 

of opioid-induced NAS” (Jansson & Velez, 2012, p. 253). A newborn’s presentation of NAS 

varies and may be influenced by factors that include licit and illicit exposures as well as 

maternal physiology, epigenetic modifications, and genetic predisposition (Jansson & Velez, 

2012).

Negative effects of opioid use during pregnancy on pregnancies, fetuses, and newborns 

are well-documented. NAS affected infants are more likely to experience adverse neonatal 

outcomes such as preterm birth (<37 weeks of gestation) and low birthweight (<2,500 g or 

5 pounds, 8 oz)—a major risk factor for infant mortality—than infants without NAS (Anand 

& Campbell-Yeo, 2015; Lind et al., 2015; McQueen & Murphy-Oikonen, 2016; Nørgaard, 

Nielsson, & Heide-Jørgensen, 2015; Reddy et al., 2017; Stover & Davis, 2015). However, 

the relationship between NAS and birth defects is not clear. In 2016, a national expert panel 

identified the need to better understand the factors that increase the risk for NAS and birth 

defects such as, the type of substance used, polydrug use, dosage, and the gestational age of 

exposure to maternal opioids (Reddy et al., 2017).

A recent systematic review of 30 studies of maternal opioid use during pregnancy and 

teratogenicity of opioids found that 17 out of 30 studies had reported statistically significant 

associations between maternal opioid use and birth defects (Lind et al., 2017), with 

inconsistent results by type of birth defect. The National Birth Defects Prevention Study 

found that therapeutic opioid use was reported by 2.6% of 17,449 case mothers and 2.0% 

of 6,701 control mothers (Broussard et al., 2011). Treatment was associated with congenital 

heart defects (conoventricular septal defects, atrioventricular septal defects, hypoplastic left 

Hussaini et al. Page 2

Birth Defects Res. Author manuscript; available in PMC 2024 March 18.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



heart syndrome), spina bifida, or gastroschisis in infants (Broussard et al., 2011; Short 

et al., 2019). Data on the prevalence of NAS among Delaware births are limited. The 

earliest publication with estimates of NAS in Delaware reported a 94% increase in the 

incidence between 2010 and 2015, from 11.9 to 23.0 cases per 1,000 births (Hussaini, 

2017). In addition, Delaware’s 2012 and 2013 NAS rates (17.8 and 18.5 cases per 1,000 

births, respectively) (Hussaini, 2017) were three times that of the 2012 U.S. rate (5.8 cases 

per 1,000 births) (Patrick, Dudley, et al., 2015; Patrick, Davis, et al., 2015). The primary 

objective of this study is to evaluate the association between infants diagnosed with NAS 

and birth defects in Delaware from 2010 to 2017.

2 | METHODS

2.1 | Data and sample

Three data sources were used for this analysis: (a) birth certificate data (BCD); (b) hospital 

discharge data (HDD); and (c) birth defects registry (BDR) data. We used Delaware BCD 

collected by the Office of Vital Statistics, HDD for all Delaware licensed hospitals that 

include all non-federal facilities collected quarterly based on the uniform claims and billing 

dataset (UB-82 or successor form) for all hospital inpatient discharges, and the BDR data for 

2010–2017.

The BDR was established in 1997, by the Delaware Division of Public Health (DPH); 

data are collected through medical record review of each potential case by trained BDR 

abstractors with ascertainment of prevalence for approximately 100 specified birth defects 

(Acheson et al., 2016). The Delaware BDR abstractors review medical records on every 

child who is born in Delaware to a Delaware resident, and who has a suspected birth 

defect. Cases are identified from hospital discharge records, birth hospitals’ records, reports 

from maternal fetal medicine specialists, and discharge records up to 1 year of age. Case 

ascertainment of birth defects is consistent with recommendations from the Centers for 

Disease Control and Prevention (CDC), and from the National Birth Defects Prevention 

Network (Acheson et al., 2016). The Institutional Review Boards at Delaware’s birth 

hospitals and within DPH reviewed and approved the data collection process.

We used the Delaware BCD that contains unique identifiers (such as hospital identifiers, 

medical record numbers, first name, last name, date of birth, etc.) to linkHDD data that 

contains information on all newborns (e.g., discharges, length of stay, procedures, etc.) and 

identified all hospital births to Delaware residents (2010–2017). Records from the BDR 

were then linked to the linked BCD-HDD data to form the database for this study. Figure 1 

outlines the study selection procedure for identification of this cohort. Hospital births from 

the BCD for Delaware residents served as the denominator (n = 82,190). Of the 82,190 

hospital births during 2010–2017 in Delaware, 81,287 (~99%) of the records were matched.

2.2 | Measures

Our outcome variable from the linked BCD, HDD, and BDR data was a dichotomous 

measure of whether an infant had a birth defect or not (yes/no). We ascertained 

NAS cases in HDD using International Classification of Diseases—Ninth Revision 
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Clinical Modification (ICD-9-CM) diagnosis of 779.5 and ICD-10-CM diagnosis of P96.1 

excluding iatrogenic cases of NAS very low birth weight, intraventricular hemorrhage, 

periventricular leukomalacia, necrotizing enterocolitis, spontaneous intestinal perforation, or 

bronchopulmonary dysplasia similar to Patrick et al. (2012)and Patrick, Davis, et al. (2015)), 

and the current tier II definitions from the Council of State and Territorial Epidemiologists 

(Council for State and Territorial Epidemiologists, 2019). From the linked BCD and HDD 

data, our primary exposure variable was a dichotomous measure (yes/no) of whether an 

infant was diagnosed with NAS for all hospital births, which we used as a surrogate for 

maternal exposure to opioids.

Covariates were maternal characteristics (i.e., age, education, non-Hispanic categorization 

of race/ethnicity, insurance status, county of residence, trimester of prenatal care, smoking 

during pregnancy, and maternal body mass index) and whether infant birth was a singleton 

or multiple birth from BCD.

2.3 | Statistical analysis

We estimated crude prevalence rates for birth defects and NAS per 1,000 hospital live 

births in Delaware residents during 2010–2017. We assessed trends in NAS using the 

Cochran–Armitage trend test. We used chi square tests for dichotomous and categorical 

variables to assess differences in our exposure NAS and non-NAS infants. We calculated 

crude odds ratio (cORs) and adjusted odds ratios (aORs) and 95% confidence intervals (CIs) 

based on a priori risk factors (i.e., plurality, maternal age, maternal education, maternal 

race/ethnicity, insurance status at delivery, county of residence, prenatal care, cigarette use, 

and pre-pregnancy body mass index) for birth defects and NAS. All tests were two-sided 

with alpha at .05 level of significance. All analyses were carried out using SAS v9.4 (SAS 

Institute, Inc., Cary, NC). Because missing data ranged between 0.1 and 3%, well-below the 

5% threshold to conduct any imputation (Dong & Peng, 2013; Jakobsen, Gluud, Wetterslev, 

& Winkel, 2017; Schafer, 1999; Tabachnick & Fidell, 2012), we used listwise deletion for 

missing data. For a sensitivity analysis, we also conducted multiple imputations to assess if 

our estimates from listwise deletion differed from imputed data.

3 | RESULTS

Among 81,287 linked hospital births in Delaware during 2010–2017, there were 2,784 cases 

of birth defects and 1,651 cases of NAS. The 2010–2017 NAS rate in Delaware was 20.3 

per 1,000 births (95% CI, 19.3–21.3). Delaware’s NAS rates increased over 100% from 11.8 

per 1,000 births in 2010 to 29.3 per 1,000 hospital births in 2017, a statistically significant 

increase (z = 10.08; p < .0001). The 2010–2017 rate for birth defects in Delaware was 34.2 

per 1,000 births (95% CI, 35.3–38.6). The 2010–2017 rate for birth defects declined during 

this period in Delaware.

Table 1 presents characteristics of newborns with NAS compared with all other hospital 

births. There were differences between mothers who delivered NAS-affected infants and 

mothers whose infants were not diagnosed with NAS. A higher proportion of mothers who 

delivered NAS-affected infants were younger (i.e., <29 years of age 63 vs. 58%); had lower 

levels of education (i.e., high school or below 70 vs. ~44%); were non-Hispanic white 
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(81 vs. ~52%); had Medicaid as the payer of the delivery (~84 vs. 48%); and resided in 

New Castle County (63 vs. 60%). About one in three mothers who delivered NAS-affected 

infants had either no prenatal care or had prenatal care beginning in the second or third 

trimester. About 70% of the mothers who delivered an NAS-affected infant had smoked 

during pregnancy. A lower proportion of mothers who delivered an NAS-affected infant had 

BMI levels classified as overweight or obese as compared to non-NAS mothers.

Table 2 displays birth defects prevalence among infants with and without NAS. Among the 

1,651 infants who had a diagnosis of NAS, 56 had a birth defect (~3.4%). Among the 79,636 

infants not diagnosed with NAS, 2,728 (3.4%) had a birth defect. We found no statistically 

significant association between NAS and any birth defects in either our cOR (cOR = 1.0; 

95% CI: 0.8–1.3) and or aOR (aOR = 0.9; 95% CI: 0.6–1.1) models. Sensitivity analysis 

from multiple imputations indicated negligible difference in the parameter estimates and our 

findings did not change.

4 | DISCUSSION

The main finding of our investigation is that infants with an NAS diagnosis are no more 

likely to have a birth defect than infants born without an NAS diagnosis. As NAS is a 

significant public health concern, our data showing a lack of association with birth defects 

is reassuring. Our finding is consistent with the systematic review of Lind et al. (2017) that 

found no clear evidence associating opioid use with congenital anomalies. However, in a 

recently published Canadian study of over a million births spanning 24 years 1989–2013, 

Auger et al. (2018) found that NAS was associated with birth defects and the association 

was strongest for central nervous system defects. Their study utilized discharge records to 

ascertain both birth defects and NAS.

Determining a specific cause for birth defect is often difficult (Bérard, Zhao, & Sheehy, 

2017; Feldkamp, Carey, Byrne, Krikov, & Botto, 2017; Holbrook & Rayburn, 2014; Källén, 

Borg, & Reis, 2013; Naeye, Blanc, Leblanc, & Khatamee, 1973; Oliveira & Fett-Conte, 

2013; Tinker et al., 2015) and in 75–80% of the cases of birth defects, causes are unknown 

(Holbrook & Rayburn, 2014;Oliveira & Fett-Conte, 2013; Tinker et al., 2015). For instance, 

Feldkamp et al.’s (2017) population-based study on the etiology and clinical manifestation 

of birth defects, found that of the 5,000 cases reviewed, approximately 80% of the cases 

were attributed to an “unknown etiology,” and only 20% could be assigned a “definite 

cause”.Of those with a definite cause, chromosomal or genetic conditions accounted for 

95%, teratogens accounted for 4%, and twinning accounted for the remainder (Feldkamp et 

al., 2017).

The timing of opioid exposure, the type of opioids, the dose (i.e., quantity) are important 

to assess the levels of opioid exposure during organogenesis (i.e., phase of embryonic 

development) and/or later in the pregnancy. The current tests to detect fetal exposure to 

licit and illicit drugs include: radioimmunoassay and enzyme immuno-assay tests (i.e., drug 

screens), urine toxicology, and meconium and umbilical cord analyses (Jones et al., 2015; 

Price, Collier, & Wright, 2018) and as such, these drug screens test for exposure late in 

pregnancy.
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The results of our study should be interpreted in the context noted above, the birth defect 

etiologies, and the emerging research on NAS. Study limitations include ascertainment of 

NAS cases based only on discharge data for hospital births utilizing ICD-9-CM and ICD-10-

CM codes, with all the coding issues incumbent in the use of these data (Patrick et al., 

2012). Second, NAS diagnosis served as a surrogate to measure maternal opioid exposure 

and the timing of exposure was not available in the dataset and therefore, susceptible 

to misclassification. For instance, in our sample over 70% of the women smoked during 

pregnancy and both tobacco and prescribed medications such as SSRIs can cause NAS 

(Jansson & Velez, 2012). Further, opioid use, whether (licit or illicit), may lead to NAS 

among 50–80% of opioid-exposed infants, as not all exposures result in an NAS diagnosis 

(Jones, Chisolm, Jansson, & Terplan, 2013; Patrick, Dudley, et al., 2015). A relatively small 

number of defects were noted among NAS-affected infants, limiting statistical power for 

exploring specific birth defects potentially related to maternal opioid exposure. Finally, in 

our dataset, we were unable to account for other confounders (e.g., maternal medications 

such as SSRIs) that may be associated with some birth defects (Auger et al., 2018). Despite 

these limitations, our study is population-based, and utilized birth defects data collected 

by active case-finding. In particular, our study uses existing surveillance systems such as 

discharge data, BCD, and BDR data to understand the association between NAS and birth 

defects and found that infants with an NAS diagnosis are no more likely to have a birth 

defect than infants born without an NAS diagnosis. Future studies in the United States, 

may incorporate larger population-based datasets, enhanced surveillance systems, additional 

measures of the opioid exposure such as the timing and dose of opioid exposure, and 

identify specific substances to understand the teratogenicity.

5 | CONCLUSION

Our multiyear state-wide study using linked BC, hospital discharge, and BDR data for 

Delaware did not show a statistically significant association between infants diagnosed with 

NAS and birth defects, overall.
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FIGURE 1. 
Study selection and data linkage for identification of a cohort of newborns with neonatal 

abstinence syndrome (surrogate measure for maternal opioid exposure) and birth defects, 

Delaware, 2010–2017
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