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Abstract

BACKGROUND—Neonatal abstinence syndrome (NAS) is a postnatal opioid withdrawal 

syndrome. Factors associated with development of the syndrome are poorly understood; however, 

infant sex may influence the risk of NAS. Our objective was to determine if infant sex was 

associated with the development or severity of the syndrome in a large population-based cohort.

METHODS—This retrospective cohort study used vital statistics and prescription, outpatient, and 

inpatient administrative data for mothers and infants enrolled in the Tennessee Medicaid program 

between 2009 and 2011. Multivariable logistic regression models were used to evaluate the 

association between male sex and diagnosis of NAS, accounting for potential demographic and 

clinical confounders. NAS severity, as evidenced by hospital length of stay, was modeled by using 

negative binomial regression.

RESULTS—Of 102 695 infants, 927 infants were diagnosed with NAS (484 male subjects and 

443 female subjects). Adjustments were made for the following: maternal age, race, and 

education; maternal hepatitis C infection, anxiety, or depression; in utero exposure to selective 

serotonin reuptake inhibitors and cigarettes; infant birth weight, small for gestational age, and 

year; and the interaction between opioid type and opioid amount. Male infants were more likely 

than female infants to be diagnosed with NAS (adjusted odds ratio, 1.18 [95% confidence interval, 
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1.05–1.33]) and NAS requiring treatment (adjusted odds ratio, 1.24 [95% confidence interval, 

1.04–1.47]). However, there was no sex-based difference in severity for those diagnosed with 

NAS.

CONCLUSIONS—Treatment of NAS should be tailored to an infant’s individual risk for the 

syndrome. Clinicians should be mindful that male sex is an important risk factor in the diagnosis 

of NAS.

Neonatal abstinence syndrome (NAS) is a drug withdrawal syndrome that occurs after in 

utero exposure to opioids. The syndrome is characterized by an array of clinical signs, 

including central nervous system excitability (seizures, hypertonia, temperature instability, 

irritability, tremors, and excessive crying), respiratory difficulty, and gastrointestinal 

manifestations (poor feeding, vomiting, uncoordinated sucking, and loose stools).1,2 From 

2000 to 2012, the incidence of NAS throughout the United States increased nearly fivefold, 

concurrent with an increase in antenatal opioid use.3–5 The increasing incidence of NAS 

resulted in a sharp rise in NAS-related costs and NICU utilization.6–8

Despite the known increase in socioeconomic burden related to NAS, little is known about 

the pathophysiologic mechanism of opioid withdrawal in neonates. Previous studies suggest 

that the type of opioid used, cumulative exposure to short-acting opioids during pregnancy, 

tobacco use, benzodiazepine use, selective serotonin reuptake inhibitor (SSRI) use, and 

variants in the OPRM1 and COMT genes may increase the severity of NAS.9–12 Although 

some of the published literature suggests that male infants are more likely to be diagnosed 

with or have more severe NAS,10,13,14 other studies failed to replicate this finding.15,16 

Furthermore, male infants have been described as having higher rates of jaundice, fetal 

distress, lower Apgar scores, and higher perinatal mortality.17–19 Male vulnerability has also 

been shown in other developmental outcomes, including diminished capacity for self-

regulation and increased susceptibility to developmental deficits in infancy.20,21

The primary objective of the present study was to determine if male sex was associated with 

a higher likelihood of being diagnosed with NAS among a large population-based cohort. 

Our secondary aim was to determine whether male infants with NAS were more likely than 

female infants with NAS to have a severe, complicated course, as measured by infant length 

of stay (LOS) during birth hospitalization.

METHODS

Study Design

In this retrospective, longitudinal cohort study of mothers and infants enrolled in 

Tennessee’s Medicaid program (TennCare), inpatient, outpatient, and vital records from 108 

different facilities were linked with outpatient prescription claims from 2009 to 2011. All 

maternal opioid prescriptions reimbursed by TennCare were available in the pharmacy 

claims data. These data have been used extensively in assessing the safety of medications 

during pregnancy.22–24

Mother–infant dyads were included if they met the following criteria: (1) the mother was 15 

to 44 years old at the time of delivery; (2) the mother was enrolled in TennCare at least 30 
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days before delivery; and (3) the infant was enrolled in TennCare within 30 days of birth. 

Infants were excluded if they had congenital anomalies reported on either the birth 

certificate or the inpatient file (International Classification of Diseases, Ninth Revision, 

Clinical Modification [ICD-9-CM], codes for congenital anomaly, 740x–759x, excluding 

codes 747.0 [patent ductus arteriosus] and 747.8 [other anomalies of the circulatory system]) 

or presumed iatrogenic NAS reported in the inpatient records with the following ICD-9-CM 

codes: chronic lung disease (770.7), any intraventricular hemorrhage (772.1x), 

periventricular leukomalacia (779.7), necrotizing enterocolitis (777.5x), or spontaneous 

bowel perforation (777.6) as previously described.8,11 A total of 112 852 mother–infant 

dyads were identified; with 10 145 excluded and 12 infant records missing sex specification, 

the final sample size comprised 102 695 infants. The study was approved with a waiver by 

the Vanderbilt University institutional review board, the State of Tennessee Department of 

Health, and the Bureau of TennCare.

Descriptive Characteristics

Maternal demographic characteristics were collected from the infant’s birth certificate, 

including age in years, maternal race (white, African American, or other), and education in 

years. Education was categorized into some high school (<12 years), completed high school 

(12 years), and any college (>12 years). Using the mother’s outpatients and inpatient 

records, we collected the following comorbid conditions (ICD-9-CM code): hepatitis C 

infection (070.41, 070.44, 070.51, 070.54, and 070.7x), depression (296.2x, 296.3x, and 

311), and anxiety disorder (300x).

Infant birth weight and gestational age were collected from the birth certificate. Low birth 

weight was classified as <2500 g, and preterm birth was classified as <37 weeks. Infants less 

than the 10th percentile for gestational age according to 2011 US birth weight references 

were classified as small for gestational age.25

Exposures

To account for potential confounding exposures, we obtained antenatal exposure to 

prescription opioids, SSRIs, and cigarettes. Maternal opioid use was recorded if the mother 

filled any prescription opioid during pregnancy, obtained from TennCare pharmacy files. 

Opioid exposure was classified according to drug type: short-acting (eg, oxycodone 

hydrochloride), long-acting (eg, oxymorphone hydrochloride extended release), or 

maintenance (eg, methadone, buprenorphine).11 Opioid doses were converted to oral 

morphine milligram equivalents for comparison.8,11 Antenatal SSRI exposure was counted if 

a maternal prescription was filled within 30 days of delivery. Cigarette use was obtained 

from birth certificates and then categorized according to 1 to 10, 11 to 20, 21 to 40, and >40 

cigarettes per day.

Outcomes

The primary outcome of the present study was NAS, recorded as drug withdrawal syndrome 

in the newborn (ICD-9-CM code 779.5) anywhere in the infant’s birth hospitalization 

record. This code was previously validated by comparing the accuracy of administrative 

coding for 779.526 versus manual chart review, yielding 88.1% sensitivity and 97% 
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specificity.11 As a proxy for severity of NAS expression, we also collected data on infant 

LOS during birth hospitalization as well as clinical diagnoses previously described in the 

literature. Clinical conditions (ICD-9-CM code) included transient tachypnea of the newborn 

(770.6), meconium aspiration syndrome (770.11 and 770.12), respiratory distress syndrome 

(769x), other respiratory diagnosis (770x excluding 770.7 and codes higher), jaundice 

(774x), feeding difficulty (779.3x), seizures (779.00 and 780.3), and hemolytic disease 

(773x). Infants were presumed to be pharmacologically treated if the hospitalization was >6 

days, as previous literature has shown that infants with NAS are unlikely to have an LOS <6 

days.1,27

Statistical Analysis

All covariates in regression models were established a priori from the literature. Bivariate 

comparisons were analyzed by using the χ2 and Wilcoxon rank-sum tests. Data were 

missing or unreliable for <1% of birth weight, gestational age, maternal education, and 

maternal race. Birth weights <500 g and gestational ages <24 weeks were regarded as 

unreliable and considered missing. There were missing data for 2.8% of number of 

cigarettes smoked in the study population. Missing data were handled by multiple 

imputation with predictive mean matching using 10 imputations.28 To allow for flexible 

associations of continuous variables (birth weight, oral morphine equivalents, maternal age, 

gestational age, number of pregnancies, and number of births) with each outcome, restricted 

cubic splines were used. Interaction terms were tested between male sex and each of the 

following: opioid of exposure type (short-acting, long-acting, and maintenance opioids), 

opioid dose (oral morphine equivalents), birth weight, and SSRI exposure. We also tested the 

interaction between opioid type and dose. Only the interaction between opioid type and dose 

was statistically significant for short-acting opioids (P < .001) and maintenance opioids (P 
< .001).

Two multivariable logistic regression models were fit, with exposure of interest being male 

sex and outcomes of NAS and NAS requiring pharmacologic treatment, controlling for 

cumulative opioid dose, opioid type, opioid dose × opioid type, maternal age, maternal race 

(white, African American, or other), maternal education, maternal depression or anxiety, 

maternal SSRI use, cigarette use during pregnancy, maternal hepatitis C infection, birth 

weight, small for gestational age, and year. The Huber-White sandwich estimator28 was used 

to account for correlation arising from taking repeated observations from the same hospital.

For infants diagnosed with NAS, a multivariable negative binomial model was fitted to test 

the association between male sex and LOS (days), controlling for cumulative opioid dose, 

opioid type, opioid dose × opioid type, maternal SSRI use, cigarette use during pregnancy, 

birth weight, small for gestational age, and year. Statistical analyses were completed by 

using Stata version 14.0 (StataCorp, College Station, TX).

RESULTS

Of the 102 695 infants in the present study, 50.7% were male, and 49.3% were female. 

There were no significant differences between male and female infants in terms of maternal 

characteristics, comorbidities, opioid use, and other substances used. Male infants had a 
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heavier mean birth weight (3235 vs 3119 g; P < .001) and were less likely to be low birth 

weight (8.9% vs 10.7%; P < .001), but they were slightly more likely to be preterm (10.9% 

vs 10.2%; P < .001). There was no sex difference in those who were small for gestational 

age (Table 1).

Among the 927 infants with NAS included in the study, there were similar numbers of male 

and female subjects (484 vs 443). Sex differences between infants with NAS were similar to 

the overall birth cohort; however, male infants were more likely to be African American than 

female infants with NAS (5.4% vs 2.3%; P = .02). Male infants with NAS had heavier birth 

weights (2996 vs 2848 g; P < .001) and were less likely to be low birth weight (17.4% vs 

23.7%; P < .02) than female infants with NAS (Table 2).

In unadjusted analyses, there were no significant differences in health care utilization 

patterns between male and female infants with NAS. Male infants with NAS were more 

likely to be diagnosed with transient tachypnea of the newborn (15.7% vs 10.4%; P = .02) or 

other respiratory diagnoses (16.1% vs 11.5%; P = .04) with the exception of meconium 

aspiration syndrome and respiratory distress syndrome. There were no sex-related 

differences between diagnoses of jaundice, feeding difficulty, seizures, or hemolytic disease 

in infants with NAS (Table 3).

In the adjusted analyses (accounting for maternal age, race, and education; maternal 

hepatitis C infection, anxiety, and depression; SSRI and cigarette use; infant birth weight, 

small for gestational age, and year; and the interaction between opioid type and oral 

morphine equivalents), male infants were more likely to be diagnosed with NAS (adjusted 

odds ratio, 1.18 [95% confidence interval (CI), 1.05–1.33]) and more likely to be diagnosed 

with NAS requiring pharmacologic treatment (adjusted odds ratio, 1.24 [95% CI, 1.04–

1.47]) than female infants (Table 4). Among infants with NAS, there was no difference in 

overall LOS (adjusted incidence rate ratio, 1.07 [95% CI, 0.92–1.24]) or in LOS if 

pharmacologically treated (adjusted incidence rate ratio, 1.03 [95% CI, 0.91–1.17]) between 

male and female infants (Table 5).

DISCUSSION

In this large retrospective cohort study of mothers and infants, male infants were more likely 

to be diagnosed with NAS and NAS requiring pharmacotherapy than female infants, even 

after accounting for potential confounding factors previously described in the literature. 

With a total cohort of >100 000 infants, including nearly 1000 infants with NAS, this study 

represents, to the best of our knowledge, the largest reported cohort to date investigating sex-

related differences in incidence and severity of NAS.

These findings contribute to an increasing body of evidence regarding male vulnerability to 

NAS. Using a large, representative statewide cohort and controlling for multiple previously 

established confounders, we found that male infants had increased vulnerability to being 

diagnosed with NAS and NAS requiring pharmacotherapy, although we found no differences 

in length of hospitalization. Male infants with NAS were diagnosed with associated 

respiratory difficulties more frequently but were not more likely than female infants to be 
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diagnosed with other associated clinical complications of NAS. Our results differ from 

Unger et al,16 who reported no sex-related differences in the diagnosis of NAS in a 

secondary analysis of a randomized controlled, multicenter trial that included 131 infants. In 

a study from Holbrook and Kaltenbach,15 there was also no difference in male initiation, 

duration, or dose of treatment among a cohort of 308 infants with NAS. Our findings of no 

difference in NAS LOS differ from those of Jansson et al.14 These investigators found that 

among 64 methadone-exposed infants, male infants had significantly higher NAS scores 

within the first 4 days of life (P < .05), significantly longer treatment duration (13.4 vs 9.0 

days; P < .05), and significantly longer hospital stays (15.9 vs 12.0 days; P < .05), although 

male infants were not significantly more likely to require treatment. Our study enhances the 

existing literature by including a large cohort from >100 hospitals, enhancing our power to 

detect sex differences in NAS and differences in LOS.

There is a growing body of evidence suggesting that male infants and children are more 

highly impaired than female infants and children after exposure to prenatal and perinatal 

adversities, although the mechanism by which sex influences early development is still 

incompletely understood.29 There is no unifying theory to explain male susceptibility to 

NAS; however, many hypotheses converge on sex-based differences in neurologic 

development, with male infants requiring a longer maturation period, thus allowing a 

prolonged period of vulnerability. A prenatal rodent model has further suggested that 

mesolimbic opioid receptors in male subjects are more sensitive to methadone exposure than 

female subjects.30 Clinical correlates of impaired neurologic function are the hallmarks of 

NAS, and previous studies have shown that male infants are more susceptible to developing 

autonomic dysregulation with low vagal tone in response to maternal methadone exposure.14 

Male infants were also more susceptible to maternal vagal lability after methadone 

administration, which correlated with more severe NAS expression.13

Across the United States, opioid use, both licit and illicit, is rapidly increasing, leading to a 

considerable increase in the annual incidence of NAS.3,5,7,8,31 There is an urgent need for a 

more complete understanding of the risk factors that predict the development and severity of 

NAS to guide clinical care. Biological sex is an important immutable variable, but it is often 

underappreciated and underinvestigated as a risk factor in early childhood development.29 

Recently, the National Institutes of Health renewed its call for investigators to consider the 

influence of sex in clinical and preclinical research.32 Our findings lend additional support 

for further investigation into sex-related differences in the diagnosis and expression of NAS. 

A better understanding of sex-based vulnerability can guide the development of health care 

delivery, tailoring prenatal counseling and postnatal care based on the infant’s risk of being 

diagnosed with NAS.

There are some important limitations to the present study. Our data were obtained from 

hospital administrative data and vital statistics, and misclassification or omission of 

important information is possible; however, our previous validation studies using this cohort 

suggest that this risk is small. Next, we attempted to control for opioid type and amount, and 

the interaction between these 2 factors; however, this approach may be an imperfect 

comparison of a diverse class of medications. We accounted for in utero exposures based on 

previous literature, but it was not possible to capture all possible exposures or to precisely 
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quantify the amount of each exposure. We make the assumption that infants with an LOS >6 

days required pharmacotherapy; however, it is possible that some infants with an LOS >6 

days were not treated with a medication for NAS. In addition, there is likely clinician and 

hospital variability in diagnoses of NAS; to the extent this variation exists, we attempted to 

account for such differences by accounting for center in our analysis and adjusting the 

precision of our estimates accordingly. Last, we used LOS as a representation of NAS 

severity without access to widely accepted scoring tools (the Lipsitz tool, the Finnegan 

Neonatal Abstinence Scoring System, or the Neonatal Withdrawal Inventory)33–35 or 

explicit documentation of pharmacologic treatment; however, LOS may not accurately 

reflect illness severity.

CONCLUSIONS

Male infants were more likely to be diagnosed with NAS than female infants after 

controlling for potential confounders. Clinicians should be mindful of an infant’s risk for 

NAS, allowing for individualized health care. Faced with increasing rates of opioid use 

during pregnancy, continued efforts should be made to understand the factors that predict 

NAS diagnoses and severity, with careful attention to sex-related differences.
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TABLE 1

Characteristics of Infants and Mothers According to Infant Sex, TennCare, 2009 to 2011

Characteristic Male Infants
(n = 52 146)

Female Infants
(n = 50 549)

P

Maternal characteristics

 Age, mean ± SD, y 24.1 ± 5.2 24.0 ± 5.2 .04

 Education .77

  Some high school 12 739 (24.4) 12 340 (24.4)

  Completed high school 21 834 (41.9) 21 269 (42.1)

  Any college 17 573 (33.7) 16 940 (33.5)

 Race .28

  White 35 875 (69.1) 34 916 (69.4)

  African American 15 369 (29.6) 14 787 (29.4)

  Other    706 (1.4)    635 (1.3)

Maternal comorbidities

 Hepatitis C infection    313 (0.6)    314 (0.6) .67

 Depression  1774 (3.4)  1718 (3.4) .98

 Anxiety disorder  1188 (2.3)  1215 (2.4) .18

Opioid use characteristics

 Any opioid use 14 481 (27.8) 14 166 (28.0) .36

  Short-acting opioid 14 028 (26.9) 13 680 (27.1) .19

  Long-acting opioid      88 (0.2)      78 (0.2)

  Maintenance opioid    365 (0.7)    408 (0.8)

 Oral morphine equivalents, mean ± SD 1164 ± 5106 1247 ± 5526 .18

Other substance use

 SSRI use in past 30 d  1336 (2.6)  1323 (2.6) .58

 Tobacco use 15 828 (30.4) 15 514 (30.7) .24

 No. of cigarettes/d

  1–10    9713 (64.5)    9390 (63.2) .09

  11–20    3528 (23.4)    3541 (23.8)

  21–40    377 (2.5)    399 (2.7)

  >40  1447 (9.6)    1524 (10.3)

 Infant characteristics

 Gestational age, mean ± SD, mo 38.6 ± 2.1 38.7 ± 2.1 <.001

 Preterm (<37 wk)    5678 (10.9)    5141 (10.2) <.001

 Birth weight, mean ± SD, g 3235 ± 575 3119 ± 543 <.001

 Low birth weight (<2500 g)  4629 (8.9)    5402 (10.7) <.001

 Small for gestational age    9274 (17.8)    9069 (17.9) .51

Data are presented as n (%) unless otherwise indicated.
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TABLE 2

Infant and Maternal Characteristics Associated With NAS Diagnoses According to Infant Sex, TennCare, 2009 

to 2011

Characteristic Male Infants
(n = 484)

Female Infants
(n = 443)

P

Maternal characteristics

 Age, mean ± SD, y 26.0 ± 4.7 26.2 ± 4.7 .51

 Education .95

  Some high school 142 (29.3) 132 (29.8)

  Completed high school 212 (43.8) 196 (44.2)

  Any college 130 (26.9) 115 (26.0)

 Race .02

  White 456 (94.6) 428 (97.3)

  African American 26 (5.4) 10 (2.3)

  Other —a —a

Maternal comorbidities

 Hepatitis C infection   54 (11.2)   50 (11.3) .95

 Depression   51 (10.5)   48 (10.8) .88

 Anxiety disorder   50 (10.3) 44 (9.9) .84

Opioid use characteristics

 Any opioid use 298 (61.6) 297 (67.0) .08

  Short-acting opioid 184 (38.0) 175 (39.5) .32

  Long-acting opioid 10 (2.0) 11 (2.5)

  Maintenance opioid 104 (21.5) 111 (25.1)

 Oral morphine equivalents, mean ± SD 10 453 ± 16 080 10 719 ± 16 302 .84

Other substance use

 SSRI use in past 30 d 45 (9.3)   50 (11.3) .32

 Tobacco use 380 (78.9) 361 (81.5) .26

 No. of cigarettes/d

  1–10 103 (21.3)   81 (18.3) .42

  11–20 190 (39.3) 166 (37.5)

  21–40 124 (25.6) 128 (28.9)

  >40 13 (2.7) 19 (4.3)

Infant characteristics

 Gestational age, mean ± SD, mo 38.2 ± 2.2 38.5 ± 2.0 .07

 Preterm (<37 wk)   81 (16.7)   69 (15.6) .63

 Birth weight, mean ± SD, g 2996 ± 541 2848 ± 497 <.001

 Low birth weight (<2500 g)   84 (17.4) 105 (23.7) .02

 Small for gestational age 165 (33.1) 155 (35.0) .77

Data are presented as n (%) unless otherwise indicated.

a
Value <10 and suppressed.
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TABLE 3

Outcomes of Infants With NAS According to Sex, TennCare, 2009 to 2011

Variable Male Infants
(n = 484)

Female Infants
(n = 443)

P

Newborn health care utilization patterns

 NAS requiring pharmacologic treatmenta 309 (63.8) 274 (61.9) .53

 LOS, median (IQR)    10 (5–21)      9 (5–19) .62

 LOS if pharmacologically treated, median (IQR)      17 (10–28)      16 (10–29) .84

Newborn comorbidities

 Transient tachypnea   76 (15.7)   46 (10.4) .02

 Meconium aspiration syndrome 14 (2.9) 13 (2.9) .97

 Respiratory distress syndrome 35 (7.3) 22 (5.0) .15

 Other respiratory diagnosis   78 (16.1)   51 (11.5) .04

 Jaundice 184 (38.0) 155 (35.0) .34

 Feeding difficulty   58 (12.0)   61 (13.8) .42

 Seizures 13 (2.7) 15 (3.4) .53

 Hemolytic disease 11 (2.3) 14 (3.2) .41

Data are presented as n (%) unless otherwise indicated. IQR, interquartile range.

a
Hospitalization >6 days.
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TABLE 4

Adjusted Odds of Male Infants Being Diagnosed With NAS or NAS Requiring Pharmacologic Treatment 

Compared With Female Infants

Variable Unadjusted OR (95% CI) Adjusted ORa (95% CI)

NAS 1.05 (0.93–1.20) 1.18 (1.05–1.33)

NAS requiring pharmacologic treatment 1.09 (0.93–1.29) 1.24 (1.04–1.47)

Total sample = 102 446 infants (249 infants not included due to missing data unable to be imputed). Odds can be interpreted as the likelihood an 
infant will be diagnosed with NAS. For example, in adjusted analyses, we found that male infants have a higher odds (odds ratio [OR], 1.18) of 
being diagnosed with NAS, which can be interpreted that male infants are 18% more likely to be diagnosed with NAS. The CI for this finding 
(1.05–1.33) does not cross 1, meaning that it is a statistically significant outcome.

a
Adjusted for maternal age, race, and education; maternal hepatitis C infection or psychiatric diagnosis (anxiety or depression); in utero exposure to 

SSRIs and cigarettes; infant birth weight, small for gestational age, and year; and the interaction between opioid type and opioid amount.
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TABLE 5

Adjusted Length of Hospital Stay for Male Infants Diagnosed With NAS and NAS Requiring Pharmacologic 

Treatment Compared With Female Infants

Variable Unadjusted IRR (95% CI) Adjusted IRRa (95% CI)

LOS, d 1.04 (0.92–1.17) 1.07 (0.92–1.24)

LOS, pharmacologically treated, d 1.01 (0.90–1.13) 1.03 (0.91–1.17)

Total sample = 927 infants. Incidence rate ratios (IRRs) can be interpreted as percent change. For example, the adjusted LOS for male infants with 
NAS was 1.07. This finding can be interpreted that male infants have a 7% longer hospitalization than female infants. However, the CI (0.92–1.24) 
crosses 1, making this finding not statistically significant.

a
Adjusted for the interaction between opioid type and opioid amount, SSRI or tobacco exposure, small for gestational age, birth weight, and year.
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