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Newborns exposed to opioids in utero often undergo 
opioid withdrawal shortly after birth.1,2 The associ-
ated clinical findings primarily relate to the effects 

of opioid withdrawal on the central nervous system (e.g., 
tremors, irritability, increased crying, myoclonus and sei-
zures), gastrointestinal tract (e.g., poor feeding, vomiting, 
diarrhea and consequent intravascular volume depletion) and 
the autonomic nervous system (e.g., diaphoresis, tempera-
ture dysregulation and tachypnea). Collectively, these clini-
cal findings are referred to as neonatal abstinence syndrome, 
a term that also applies to signs of withdrawal from other 
drugs such as antidepressants, benzodiazepines and alcohol.1 
Infants born to mothers who misuse opioids are more likely 
to be premature, have low birth weight and have higher 
mortality.3,4 Neonatal opioid withdrawal often necessitates 
care in a neonatal intensive care unit (NICU), although a 
spectrum of severity exists, and the resulting mother–infant 
separation may have a negative impact on attachment 
between mother and child.5 Primarily for these reasons, but 
also because of the economic implications of increased 

health services use,6 the prevention of neonatal opioid with-
drawal has become a public health priority.7–9

Historically, the opioids most commonly responsible for 
neonatal opioid withdrawal have been heroin and metha-
done.10,11 In the last 20 years, coincident with the increased 
prescribing of opioids for chronic noncancer pain,12 several 
studies have documented an increased incidence of neonatal 
abstinence syndrome.6,8,13,14 However, no large studies have 
examined antenatal opioid prescription records, and the degree 
to which the treatment of pain with opioids contributes to 
the present-day incidence of neonatal abstinence syndrome 
is unknown.
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Background: The incidence of neonatal opioid withdrawal is increasing in both Canada and the United States. However, the degree 
to which the treatment of pain with opioids, rather than the misuse of prescription opioids or heroin, contributes to the prevalence of 
neonatal opioid withdrawal remains unknown.

Methods: We conducted a retrospective, population-based, cross-sectional study between 1992 and 2011 in Ontario with 2 objectives. 
First, we determined the annual incidence of neonatal abstinence syndrome. Second, using data from a subset of women eligible for 
publicly funded prescription drugs, we determined what proportion of women who deliver an infant with neonatal abstinence syndrome 
were given a prescription for an opioid before and during pregnancy.

Results: The incidence of neonatal abstinence syndrome in Ontario increased 15-fold during the study period, from 0.28 per 
1000 live births in 1992 to 4.29 per 1000 live births in 2011. During the final 5 years of the study, we identified 927 deliveries of 
infants with neonatal abstinence syndrome to mothers who were public drug plan beneficiaries. Of these mothers, 67% had 
received an opioid prescription in the 100 days preceding delivery, including 53.3% who received methadone, an increase from 
28.6% in the interval spanning 1 to 2 years before delivery (p < 0.001). Prescription for nonmethadone opioids decreased from 38% 
to 17% (p < 0.001).

Interpretation: The incidence of neonatal opioid withdrawal in Ontario has increased substantially over the last 20 years. Most of the 
women in this cohort who delivered an infant with neonatal abstinence syndrome had received a prescription for an opioid both 
before and during their pregnancy.
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We sought to determine trends in the annual incidence of 
neonatal abstinence syndrome in Ontario during a 20-year 
period. In addition, in a relevant and contemporary subset of the 
population for which data on antenatal prescription drug use 
was available, we sought to determine the proportion of mothers 
of infants with neonatal abstinence syndrome who received 
treatment with prescription opioids before and during preg-
nancy. Among the mothers in this secondary cohort, we com-
pared demographics and health care use of those prescribed opi-
oids with those who were not. Finally, we compared the health 
care use and health outcomes of the corresponding infants.

Methods

Setting
We conducted a retrospective, population-based study involv-
ing all live births between Jan. 1, 1992, and Dec. 31, 2011, in 
Ontario, Canada. Ontario is an ethnically diverse province with 
a population of more than 13 million people, all of whom have 
public coverage for physician and hospital services. Prescription 
data are available for people aged 65 years and older and for 
younger people eligible for publicly funded prescription drug 
coverage (primarily because of low socioeconomic status).

Sources of data
We acquired data on all hospital admissions from the Cana-
dian Institute for Health Information Discharge Abstract 
Database, records of prescription medications dispensed to 
beneficiaries of the public drug plan from the Ontario Drug 
Benefit Database, demographic data from the Registered Per-
sons Database, data from emergency department visits from 
the National Ambulatory Care Reporting System, and infor-
mation on all inpatient and outpatient physician services from 
the Ontario Health Insurance Plan database. We linked the 
databases using encrypted anonymous identifiers. These data-
bases have been shown to be complete and of high quality, 
and are routinely used to study the safety and effectiveness of 
prescription medications.15–18

Participants

Primary cohort
We identified all infants with a diagnosis of neonatal absti-
nence syndrome on their hospital discharge record, either 
during their stay in hospital after delivery or on readmission, 
during the study period (code 779.5 from the clinical modifi-
cation of the International Classification of Diseases, 9th revi-
sion, from Jan. 1, 1992, to Mar. 31, 2002; code P961 from the 
International Statistical Classification of Diseases and Related 
Health Problems, 10th revision, from Apr. 1, 2002, to Dec. 
31, 2011). From Apr. 1, 2002, onward, infants were matched 
to mothers using a unique maternal–infant matching number. 
Before this date, the records of mothers and infants were 
linked by matching the hospital of admission with admission 
and discharge dates. This algorithm, when applied to births 
after 2002, has a sensitivity of 96% and a specificity of 99%, 
and has been used previously for research purposes.19,20

Secondary cohort
Using data from a subset of the main cohort, we examined 
antenatal prescription drug use in a contemporary (2007–
2011) population for whom such data were available by exam-
ining the prescription drug records of women who were pub-
lic drug plan beneficiaries. Most of these women were 
recipients of social assistance in the form of welfare payments 
or disability support payments. Because many women avoid 
prescription drugs during pregnancy, we used the period 
between 101 and 365  days before delivery to determine 
whether a woman had received publicly funded prescription 
drugs. We used this period to ensure that each mother had 
continuous eligibility for publicly funded prescription drugs 
during the 100  days before delivery; in so doing, we mini-
mized the risk of overestimating the rate of opioid prescribing 
in the period immediately before birth.

Opioid prescribing before delivery
We examined prescriptions dispensed to women who were eli-
gible for publicly funded prescription drugs at the time of 
delivery and who delivered an infant with a diagnosis of neona-
tal abstinence syndrome during the last 5 years of the study 
period. We focused on this period to better understand con-
temporary opioid-prescribing patterns among mothers of 
these infants. For each mother, we examined antenatal pre-
scribing during 3 time periods: 100 days before delivery, 101–
365 days before delivery and 1–2 years before delivery. We 
included both methadone and nonmethadone opioids (exclud-
ing buprenorphine), but considered methadone separately 
because it is much more commonly used for opioid depen-
dence than for the treatment of chronic noncancer pain in 
Canada. Buprenorphine-containing products were not on the 
public formulary during the period studied. Pregnant patients 
with a contraindication to methadone would have been eligible 
for coverage of buprenorphine through a federal exemption, 
but these data were unavailable to us. In addition, because 
methadone was widely considered as the “gold standard” dur-
ing the study period, very few women would have been given 
buprenorphine. In the 100 days preceding delivery, we also 
examined prescriptions for other psychotropic drugs, including 
sedative–hypnotic agents, barbiturates, anticonvulsant drugs, 
cyclic antidepressants, noncyclic antidepressants, antipsychotic 
agents, psychostimulants and lithium.

Demographic characteristics, health care use and 
outcomes
We compared demographic characteristics among mothers of 
infants with a diagnosis of neonatal abstinence syndrome 
between 2007 and 2010 (to allow 1 yr follow-up) who were 
eligible for publicly funded prescription drugs at the time of 
delivery. In addition, we compared characteristics of women 
who had received prescriptions for opioids during the 
100 days before delivery with those who had not received such 
prescriptions during this period. We also compared the health 
care use and outcomes of the corresponding infants. Specifi-
cally, we examined the infant’s gestational age at birth, birth 
weight and sex, in addition to length of stay in hospital, physi-
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cian visits, mortality, maternal age, method of delivery (vagi-
nal or cesarean birth) and neighbourhood income quintile.

Statistical analysis
We calculated the incidence of neonatal abstinence syndrome 
for each year of the study period expressed as the rate per 
1000 live births. We used the McNemar test to compare opi-
oid prescribing among public drug plan beneficiaries between 
the different antenatal periods. We compared demographic 
characteristics, health care use and outcomes using χ2 tests for 
categorical variables and the Kruskal–Wallis test for continu-
ous variables. We used SAS software, version 9.3 (SAS Insti-
tute) for all analyses.

Results

Incidence of neonatal abstinence syndrome
We identified 3086 infants in Ontario with a diagnosis of neo-
natal abstinence syndrome during the study period. The popu-
lation incidence increased from 0.28 per 1000  live births in 
1992 to 4.29 per 1000  live births in 2011, representing a 
15-fold increase in incidence in 2 decades. Most of this increase 
occurred during the last 5 years of the study period (Figure 1).

Antenatal opioid prescribing
During the last 5 years of the study period, 1901 infants were 
born with neonatal abstinence syndrome. Nearly half of these 
infants (n = 930) were born to 884 women who were eligible 
for publicly funded prescription drugs at the time of delivery. 

There were 3 pairs of twins among the 930 infants, resulting 
in 927 separate deliveries during this 5-year period

In each of the 3 antenatal periods we studied, most of the 
women in the secondary cohort received 1 or more prescrip-
tions for an opioid: 67% of women received at least 1 pre-
scription in the 1–2  years preceding delivery, 81% in the 
period between 1 year and 100 days before delivery and 70% 
in the 100  days before delivery (Figure 2). We saw a shift 
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Figure 1: Annual incidence of neonatal abstinence syndrome in 
Ontario, 1992–2011. NAS = neonatal abstinence syndrome.
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Figure 2: Opioid prescribing 1 to 2 years, 100 days to 1 year and 100 days before delivery in mothers of infants with a 
diagnosis of neonatal abstinence syndrome between 2007 and 2011 (n = 927 deliveries). ODB = Ontario drug benefit.
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from other opioids to methadone as delivery approached. The 
proportion of women given prescriptions for methadone 
increased from 28.6% at 1–2 years before delivery to 53.3% 
in the 100 days before delivery (p  < 0.001). Conversely, the 
proportion of women given a prescription for a nonmetha-
done opioid (excluding buprenorphine) decreased from 
22.7% at 1–2 years before delivery to 11.5% in the 100 days 
before delivery (p < 0.001).

More than half (53.4%) of the women in the secondary 
cohort received a prescription for a psychotropic medication 
in the 1–2 years before pregnancy (Table 1). The most com-
mon psychotropic medications prescribed during this period 
were sedative–hypnotic agents (26.6%) and noncyclic antide-
pressants (35.0%). For both of these drug classes, the percent-
age of women filling their prescriptions decreased as preg-
nancy progressed.

Health service use and health outcomes
Data were available for 618 deliveries of infants with neonatal 
absence syndrome born to mothers who were beneficiaries of 
the public drug plan between Jan. 1, 2007 and Dec. 31, 2010 
(Table 2). Infants with neonatal abstinence syndrome born to 
mothers who received prescriptions for opioids in the 

100  days preceding delivery had a longer length of stay in 
hospital (median of 19 v. 10 d, p < 0.001) and more outpatient 
physician encounters during the year after birth (median 25 v. 
17 visits, p  <  0.001) compared with infants born to women 
who had not received prescriptions for opioids (Table 2). We 
found no difference in birth weight, gestational age at the 
time of delivery or sex of the infant, and very few of the 
infants died during the year after birth. Women who received 
prescriptions for opioids during the 100 days before delivery 
were more likely to undergo a cesarean delivery (30.2% v. 
21.8%, p = 0.03).

Interpretation

In this population-based study spanning 20 years, we saw a 
15-fold increase in the incidence of neonatal abstinence syn-
drome in Ontario, most of it during the last 5  years of the 
study period. About half of the mothers of infants with neona-
tal abstinence syndrome were recipients of publicly funded 
prescription drug coverage, and most of these women received 
prescriptions for opioids before and during pregnancy. The 
proportion of women receiving prescriptions for methadone 
increased as they approached delivery, whereas prescription of 

Table 1: Medications prescribed to Ontario Drug Benefit beneficiaries before the birth of an 
infant with neonatal abstinence syndrome

Drug

Time period before birth; no. (%)

1–2 yr 101 d to 1 yr 100 d

Any opioid 619 (66.8) 753 (81.2) 653 (70.4)

Opioid treatment for drug dependence 406 (43.8) 570 (61.5) 547 (59.0)

Methadone only 265 (28.6) 428 (46.2) 494 (53.3)

Methadone and another opioid 141 (15.2) 142 (15.3) 53 (5.7)

Nonmethadone opioid* 354 (38.2) 325 (35.0) 159 (17.2)

Oxycodone 220 (23.7) 185 (20.0) 85 (9.2)

Hydromorphone 33 (3.6) 29 (3.1) 17 (1.8)

Morphine 35 (3.8) 37 (4.0) 30 (3.2)

Fentanyl 16 (1.7) 13 (1.4) 10 (1.1)

Codeine 196 (21.1) 161 (17.4) 51 (5.5)

Other 11 (1.2) ≤ 5† ≤ 5†

Other psychotropic medication 495 (53.4) 511 (55.1) 283 (30.5)

Sedative–hypnotic agent 247 (26.6) 232 (25.0) 123 (13.3)

Barbiturates 0 (0.0) 0 (0.0) 0 (0.0)

Anticonvulsant agent 16 (1.7) 14 (1.5) ≤ 5†

Cyclic antidepressant 178 (19.2) 157 (16.9) 38 (4.1)

Noncyclic antidepressant 324 (34.9) 312 (33.7) 155 (16.7)

Antipsychotic agent 164 (17.7) 165 (17.8) 85 (9.2)

Stimulant 34 (3.7) 31 (3.3) 16 (1.7)

Lithium 16 (1.7) 17 (1.8) ≤ 5†

*Excluding buprenorphine. 
†In accordance with institutional policy, the exact number is suppressed when the cell size is ≤ 5.
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other opioids decreased, which suggests that opioid depen-
dence during pregnancy was often recognized and appropri-
ately treated.

In Canada, methadone is prescribed almost exclusively for 
opioid addiction rather than for pain. In Ontario, addiction to 
prescription opioids recently has supplanted heroin addiction 
as the most common reason to start treatment with metha-
done.21 This observation raises the possibility that most of the 
pregnant women receiving methadone in our study had pre-
scription opioid dependence. Collectively, these observations 
suggest that the prescribing of opioids for chronic pain is a 
risk factor for addiction and the subsequent need for metha-
done treatment during pregnancy, leading to infants born 
with neonatal opioid withdrawal.

Two previous studies documenting a similar increase in 
the incidence of neonatal abstinence syndrome in the United 
States did not have access to antenatal prescribing records.6,13 
Using an analysis of hospital discharge data, Creanga and col-
leagues13 found that 41.7% of infants with a diagnosis of neo-

natal abstinence syndrome in Washington state in 2008 had 
been exposed to opioids. Furthermore, they found that the 
type of drugs to which infants were exposed was unknown in 
about half of those with that diagnosis. In contrast, in the sub-
set of women for whom we had antenatal prescribing data, we 
found that 70% of infants with a diagnosis of neonatal absti-
nence syndrome were born to mothers who had received at 
least 1 prescription for opioids in the 100 days before delivery. 
The proportion of infants exposed to opioids in this subset 
would almost certainly be greater than 70%, because exposure 
to heroin and other opioids can occur without a prescription. 
In addition to showing that the incidence of neonatal absti-
nence syndrome in the United States increased from 1.20 per 
1000 births in 2000 to 3.39 per 1000 births in 2009, Patrick 
and colleagues6 found that infants with neonatal abstinence 
syndrome were more likely to have low birth weight and 
respiratory complications.

Prescribers should consider the risks of addiction and sub-
sequent neonatal opioid withdrawal before starting opioid 

Table 2: Characteristics of mothers who were beneficiaries of the public drug plan and their infants in cases of neonatal 
abstinence syndrome, Jan. 1, 2007, to Dec. 31, 2010

Characteristic

No. (%)*

p value

Opioids prescribed in the 
100 d before birth 

n = 421

Opioids not prescribed in the 
100 d before birth 

n = 197

Infants

Gestational age, wk, median (IQR) 39 (37–40) 38 (37–40) 0.15

Birth weight, g, median (IQR) 2990 (2685–3391) 2947 (2615–3370) 0.28

Male sex 202 (48.0) 97 (49.2) 0.77

Mothers

Age, yr, median (IQR) 27.5 (24.5–31.8) 27.8 (24.7–32.3) 0.46

Cesarean delivery 127 (30.2) 43 (21.8) 0.03

Neighbourhood income quintile

Lowest 210 (50.0) 83 (42.1) 0.07

Second lowest 83 (19.7) 50 (25.4) 0.11

Middle 58 (13.8) 31 (15.7) 0.52

Second highest 38 (9.0) 19 (9.6) 0.80

Highest 31 (7.4) 12 (6.1) 0.56

First NAS-related admission to hospital

Birth 396 (94.1) 175 (88.8) 0.02

Infant admission to NICU 339 (80.5) 155 (78.7) 0.59

Length of stay, d, median (IQR) 19 (9–31) 10 (5–20) < 0.0001

Year following birth (infant)

Mortality   ≤ 5† 0 (0.0) NA

Outpatient physician encounters, median (IQR) 25 (16–38) 17 (12–27) < 0.001

Admissions to hospital, no., median (IQR) 1 (1–1) 1 (1–1) 0.834

Visits to emergency department, no., median (IQR) 1 (0–2) 0 (0–2) 0.004

Note: IQR = interquartile range, NA = not available, NAS = neonatal abstinence syndrome, NICU = neonatal intensive care unit. 
*Unless otherwise indicated. 
†In accordance with institutional policy, the exact number is suppressed when the cell size is ≤ 5.
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therapy for chronic noncancer pain, particularly for women of 
childbearing age. To support this practice, the Food and 
Drug Administration has implemented a black-box warning 
that states opioid dependence in pregnancy is likely to result 
in neonatal opioid withdrawal, but Health Canada has yet to 
follow suit.22

Limitations
We relied on administrative data to determine whether an 
infant had symptoms of neonatal opioid withdrawal. More 
physicians now are aware of the diagnosis of neonatal absti-
nence syndrome than 20  years ago, and the increased inci-
dence that we saw may be an artifact of greater awareness. 
Conversely, however, neonatal opioid withdrawal may still be 
underrecognized, particularly when symptoms are mild and 
the infant does not require pharmacologic treatment or 
admission to an intensive care unit.23

We only had access to antenatal prescription records for a 
subset of the study population. Although this subset has dif-
ferent socioeconomic characteristics than the rest of the pop-
ulation, it accounted for nearly half of the cases of neonatal 
abstinence syndrome in Ontario.

We are unable to confirm the indication for prescribing 
methadone in our cohort. All but 5 of the 242 142 prescrip-
tions were for methadone solution, which is used exclusively 
for opioid dependence.24,25,26

Although the diagnosis of neonatal abstinence syndrome is 
most commonly used when an infant undergoes opioid with-
drawal, some of the cases we identified in our study may have 
represented withdrawal from other psychotropic medications. 
In addition, our reliance on antenatal prescribing records 
meant that we were unable to determine which opioids 
women were using and when they used them. In particular, 
we have no information about heroin use or drug diversion. 
However, complications of heroin use in Ontario were much 
less common than complications of prescription opioid use 
during the study period.21,27 Nevertheless, the opioid pre-
scribed to a particular woman whose baby subsequently had 
neonatal opioid withdrawal may have differed from the opioid 
that actually caused the syndrome. Furthermore, we did not 
have information regarding buprenorphine use, because the 
formulation of buprenorphine that is used during pregnancy 
is only available through a special federal program in Canada.8 
However, for this same reason, it is likely that buprenorphine 
would have been prescribed to a very small number of the 
women in our study. 

Finally, although more than half of the women in this 
study likely had a mental health condition for which they 
received treatment with a psychotropic medication in the 
1–2 years before delivery, we did not examine other chronic 
health conditions and pharmacotherapy that may have con-
founded the differences in outcomes.

Conclusion
We saw a considerable increase in the number of infants born 
with neonatal abstinence syndrome over a 20-year period in 
Ontario, particularly during the last 5  years of the period 

under study. In a large and relevant contemporary subset, we 
found that a substantial proportion of women who deliver 
babies with neonatal opioid withdrawal have opioids pre-
scribed for the treatment of chronic pain before and during 
pregnancy. Our results support the need for strategies to 
reduce the incidence of neonatal opioid withdrawal.
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