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OBJECTIVE: To estimate the effect of maternal illicit and
prescription drug use on neonates in Washington State
between 2000 and 2008.

METHODS: We used state-linked birth certificate and
hospital discharge (mother and neonate) data to calculate
prenatal drug exposure and neonatal abstinence syn-
drome rates, and compared state neonatal abstinence
syndrome rates with national-level data from the Nation-
wide Inpatient Sample. We identified the drugs of expo-
sure, examined predictors of drug exposure and neonatal
abstinence syndrome, and assessed perinatal outcomes
among drug-exposed and neonatal abstinence syn-
drome-diagnosed neonates compared with unexposed
neonates.

RESULTS: Drug exposure and neonatal abstinence syn-
drome rates increased significantly between 2000 and
2008, neonatal abstinence syndrome rates being consis-
tently higher than national figures (3.3 compared with 2.8
per 1,000 births in 2008; P<.05). The proportion of
neonatal abstinence syndrome-diagnosed neonates ex-
posed prenatally to opioids increased from 26.4% in 2000
to 41.7% in 2008 (P<.05). Compared with unexposed
neonates, drug-exposed and neonatal abstinence syn-

drome-diagnosed neonates had a lower mean birth
weight, longer birth hospitalization, were more likely to
be born preterm, experience feeding problems, and have
respiratory conditions (all P<.001).

CONCLUSION: Maternal use of illicit and prescription
drugs was associated with considerable neonatal morbid-
ity and significantly higher rates of drug exposure and
neonatal abstinence syndrome in recent years. Data
suggest that opioid analgesics contributed to the increase
in prenatal drug exposure and neonatal abstinence syn-
drome in Washington State. In accordance with current
guidelines, our findings emphasize the need for clinicians
to screen pregnant women for illicit and prescription
drug use and minimize use of opioid analgesics during
pregnancy.
(Obstet Gynecol 2012;119:924–33)
DOI: 10.1097/AOG.0b013e31824ea276

LEVEL OF EVIDENCE: II

In utero exposure to illicit drugs, including street
and prescription drugs used nonmedically, as well

as methadone prescribed as treatment for opiate
addiction can have negative effects on fetal develop-
ment and potentially on subsequent infant, child, and
adult health.1,2 Prematurity, fetal growth restriction,
and neonatal abstinence syndrome are well-estab-
lished immediate effects of prenatal exposure to cer-
tain drugs.1–3 The latter represents a constellation of
behavioral and physiological signs and symptoms that
occur in a newborn exposed to addictive illegal or
prescription drugs while in the uterus, and, depending
on exposure patterns, may require significant phar-
macologic intervention.3

The 2009 National Survey on Drug Use and
Health, the primary source of statistics on illicit drug
use in the United States, estimates that 4.5% of
pregnant women (15–44 years) used illicit drugs in
the month before the survey.4 Although the preva-
lence of illicit drug use among pregnant women does
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not appear to have changed since the early 2000s,4,5

the types of drugs that pregnant women are using may
have shifted.4 One recent study found that prevalence
of chronic medical use of prescription narcotics dur-
ing pregnancy increased significantly from approxi-
mately 2.5 per 1,000 deliveries in 2000 to over 10.0
per 1,000 deliveries in 2008.5 This is consistent with
the documented increase in therapeutic and nonmed-
ical use of prescription pain relievers in the United
States.6,7

Rates of past-year nonmedical use of prescription
pain relievers for all individuals 12 years of age or
older and rates of past month illicit drug use among
individuals 26 years of age or older in Washington
State have consistently been among the highest in the
country.4 Moreover, trend data on drug abuse in
Washington State show that numbers of overdose
hospitalizations and deaths related to use of prescrip-
tion opiates were four and five times, respectively,
higher in 2008 than in 1999.8 Population-based linked
maternal and infant data from Washington State
present an opportunity to estimate how the high drug
use rate and increased abuse of prescription opiates in
the state affect pregnant women and neonates. This
study aims to: 1) estimate trends in prenatal drug
exposure and neonatal abstinence syndrome rates in
Washington State and compare the latter with corre-
sponding neonatal abstinence syndrome rates in the

United States; 2) identify the types of drugs resulting
in prenatal drug exposure and neonatal abstinence
syndrome; 3) estimate predictors of prenatal drug
exposure and neonatal abstinence syndrome; and 4)
assess perinatal outcomes among drug-exposed and
neonatal abstinence syndrome-diagnosed neonates in
Washington State.

MATERIALS AND METHODS
We used 2000–2008 data from the Birth Events
Records Database maintained by the Washington
State Department of Health. The data consist of infant
birth certificates linked to birth hospitalization dis-
charge data for infants and mothers. The Washington
State Department of Health receives the data elec-
tronically with the exception of 1% of birth certificates
being filed as paper forms and performs a range of
data quality procedures and consistency checks be-
fore making the data available for analysis; detailed
information on the data and data quality procedures
can be found elsewhere.9 The analysis was restricted
to state-resident mothers who delivered in nonmili-
tary hospitals in Washington State. We identified
prenatal drug exposure and neonatal abstinence syn-
drome using the International Classification of Dis-
eases, 9th Revision, Clinical Modification (ICD-9-
CM) codes from the maternal and infant hospital
discharge data as shown in Table 1. To provide a

Table 1. International Classification of Diseases, 9th Revision, Clinical Modification Codes Used to
Identify Prenatal Drug Exposure

Data Condition ICD-9-CM Code

Maternal birth hospital
discharge diagnosis

Drug dependence 304.x, 648.3
Drug abuse 305.x
Drug-induced mental disorders 292.x
Drug poisoning 965.0, 965.8, 965.9, 967.x, 968.2, 968.3,

968.5, 969.x, 977.8, 977.9, E850.0,
E850.1, E850.2, E850.8, E851.x-E854.x,
E855.2, E950.x, E980.x

Use of drugs causing adverse effects in
therapeutic use

E935.0, E935.1, E935.2, E937.x, E938.2,
E938.3, E938.5, E939.x, E940.x

Counseling on substance use and abuse V65.42
Maternal procedure during

birth hospitalization
Drug addiction counseling 94.45
Referral for drug addiction rehabilitation 94.54
Drug rehabilitation 94.64, 94.67
Drug detoxification 94.65, 94.68
Drug rehabilitation and detoxification 94.66, 94.69

Infant birth hospital
discharge diagnosis

Drug dependence 304.x
Adverse effects of therapeutic drugs used

to treat withdrawal
E935.1, E935.2, E937.0, E939.4, E940.1,

E940.8, E940.9
Fetus or newborn affected by noxious

substance transmitted by the placenta
760.72, 760.73, 760.75

Suspected damage to the fetus from drugs 655.5
Neonatal abstinence syndrome 779.5

ICD-9-CM, International Classification of Diseases, 9th Revision, Clinical Modification.
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comparison with neonatal abstinence syndrome rates
in the United States, we used 2000–2008 Nationwide
Inpatient Sample hospital discharge data obtained
from the Healthcare Cost and Utilization Project.10

We identified all records with a neonatal abstinence
syndrome discharge diagnosis (Table 1) and used the
algorithm proposed by Kuklina et al11 to identify
delivery hospitalizations. We calculated annual rates
of drug exposure and neonatal abstinence syndrome
among neonates born in Washington State and an-
nual neonatal abstinence syndrome rates in the
United States between 2000 and 2008; Cuzick non-
parametric tests for trend were performed to assess
the statistical significance of the observed trends.12

Because ICD-9-CM coding lacks the detail nec-
essary to differentiate between illicit and prescription
drug use for most drug exposure diagnoses, we can
only categorize drug exposure into broad drug cate-
gories: 1) opioids and related narcotics (including
heroin, opioid analgesics, and methadone); 2) co-
caine; 3) other psychotropic drugs (including seda-
tives, hypnotics, and tranquilizers); and 4) other or
unspecified drugs. To the extent possible, we sepa-
rately explored opioid exposure resulting from heroin
(ICD-9-CM 965.01, E850.0, E935.0) and prescription
opioids including methadone (ICD-9-CM 965.02,
965.09, E850.1, E850.2, E935.1, and E935.2). The
contribution of these drug categories and of multidrug
use to prenatal drug exposure and neonatal absti-
nence syndrome in Washington State was calculated
for 2000–2008. We could not conduct the same
analysis using the Nationwide Inpatient Sample data
and provide a meaningful Washington State–U.S.
comparison due to confidentiality laws by which
some data sources contributing data to Nationwide
Inpatient Sample restrict discharge records indicating
chemical dependency.10

In the absence of a unique identifier, five vari-
ables (zip code, year of birth, race, ethnicity, and
education) were used to identify “repeat mothers”
(women with more than one delivery or multiple
births [ie, twins]). We investigated the effect of clus-
tering from multiple records (ie, repeat mothers) using
generalized estimating equations. Multivariable logis-
tic regression models with generalized estimating
equations and an exchangeable working correlation
matrix were computed using pooled 2000–2008 Birth
Events Records Database data to identify predictors
of drug exposure and neonatal abstinence syndrome
using drug-unexposed neonates as the reference
group. We explored the influence of several factors
reported on the birth certificate (neonatal sex, mater-
nal age, maternal race or ethnicity, marital status,

parity, education, and pregnancy trimester at onset of
prenatal care) as well as presence of maternal mental
health disorders (ICD-9-CM 290.x, 293.x–319.x) and
the payer source for index delivery from hospital
discharge data.

Generalized estimating equation methods were also
used to examine perinatal outcomes among drug-ex-
posed and neonatal abstinence syndrome-diagnosed
neonates compared with drug-unexposed neonates.
Specifically, we fitted univariable logistic regression
models for the following perinatal outcomes: neonate’s
mode of delivery (vaginal or cesarean), preterm birth
(gestational age less than 37 weeks), low birth weight
(less than 2,500 g) as recorded on birth certificates,
presence of disorders relating to short gestation and low
birth weight (ICD-9-CM 765.0x, 765.1x), feeding prob-
lems (ICD-9-CM 779.3x), respiratory distress syndrome
(ICD-9-CM 769.x) and other respiratory conditions
(ICD-9-CM 770.x) as noted on infants’ birth hospital
discharge records, and univariable linear regression
models for: birth weight as recorded on birth certificates
and the length of birth hospitalization. Drug exposure
and neonatal abstinence syndrome, respectively, were
the covariates of interest in all univariable models.
Because relationships between drug exposure and neo-
natal abstinence syndrome and neonatal feeding prob-
lems, respiratory distress syndrome, other respiratory
conditions, and length of birth hospitalization may be
confounded by low birth weight or prematurity, for
these four outcomes, we estimated both low birth
weight-adjusted models and prematurity-adjusted mod-
els. Separately, for all outcomes, we also estimated
models adjusted for three proxy variables for maternal
heavy drinking (ICD-9-CM 303.x, 305.0, 292.x, 980.x),
heavy smoking (ICD-9-CM 305.1, 649.0), and maternal
nutritional deficiencies (ICD-9-CM 648.9, 260.x–269.x,
799.4, V12.1).

All statistical analyses were conducted using
STATA 10. Both Birth Events Records Database and
Nationwide Inpatient Sample data are publicly avail-
able and do not include any personal identifiers; thus,
the study was considered exempt from review by the
institutional review board at the Centers for Disease
Control and Prevention.

RESULTS
Between 2000 and 2008, there were 709,948 births to
Washington State-resident women occurring at non-
military hospitals in Washington State. Of these,
669,451 records in Birth Events Records Database
had complete data (ie, birth certificate, mother and
infant birth discharge records) corresponding to a
population-level data linkage rate of 94.3%. Our
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ICD-9-CM-based algorithm identified 9,024 (1.3%)
drug-exposed neonates. Drug exposure rates in-
creased from 10.6 per 1,000 births in 2000 to 16.3 per
1,000 births in 2005 and decreased slightly to 14.3 per
1,000 births in 2008 (overall trend, P�.021). Almost
one-fifth (18.9%) of drug-exposed neonates or 0.3% of
2000–2008 Washington State neonates were diagnosed
with neonatal abstinence syndrome. Neonatal absti-
nence syndrome rates increased significantly both in
Washington State and nationwide between 2000 and
2008, being consistently higher in Washington State
(P�.001) (Fig. 1). By and large, neonatal abstinence
syndrome rates increased monotonically from 1.2 per
1,000 births in 2000 to 3.3 per 1,000 births in 2008
(trend P�.008) in Washington State, and from 1.3 per
1,000 births in 2000 to 2.8 per 1,000 births in 2008 in the
United States as a whole (trend P�.011).

The vast majority of 2000–2008 drug-exposed
neonates in Washington State were exposed prena-
tally to psychotropic drugs other than opioids or
cocaine (Fig. 2). Similar proportions of neonates were
exclusively exposed to such drugs in 2000 (43.5%)
and 2008 (41.9%). Prenatal exposure to opioids (in-
cluding exposure among multidrug users) more than
doubled (11.5% in 2000 compared with 24.4% in
2008) during the study period (data not shown) with
21.6% of neonates being exposed exclusively to opi-
oids in 2008 (Fig. 2). Only one case of heroin and 363
cases of prescription opioid (including methadone)
poisoning were identified during the study period
using the specific ICD-9-CM codes. Exposure to
cocaine declined during the study period—20.5% of

drug-exposed neonates were exposed to cocaine in
2000 compared with 10.5% in 2008 (data not shown,
includes both exclusive and multidrug exposure).
Although 15.0% of all drug-exposed neonates were
exposed to cocaine alone in 2000, this proportion
declined to 6.9% in 2008 (Fig. 2). A relatively smaller
proportion of neonates was identified as having been
exposed to multiple drugs (6.5% in 2000 compared
with 5.4% in 2008). The specific category of drugs to
which neonates were exposed is unknown for approx-
imately one-fourth of all neonates each year during
the study period.

The proportion of neonatal abstinence syn-
drome-diagnosed neonates exclusively exposed pre-
natally to opioids increased from 26.4% in 2000 to
41.7% in 2008 (P�.05; Fig. 2). In contrast, between
2000 and 2008, exclusive exposure to cocaine de-
creased from 6.9% to 0.8% and that to other psycho-
tropic agents from 9.2% to 4.6%. For a considerable
proportion of neonatal abstinence syndrome-diag-
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nosed neonates (49.4% in 2008), the type of drugs to
which they have been exposed is unknown, whereas
3.5% of them are known to have been exposed to a
combination of drugs.

No difference was observed in the proportion of
male and female drug-exposed neonates, but male
neonates appeared to be at slightly higher risk of
being diagnosed with neonatal abstinence syndrome
(adjusted odds ratio [OR] 1.2, 95% confidence inter-
val [CI] 1.1–1.3) (Table 2). Neonates born to Native
American or Alaska Native women were 1.8 (95% CI

1.7–1.9) times more likely to be exposed to drugs and
2.0 (95% CI 1.7–2.3) times more likely to be diag-
nosed with neonatal abstinence syndrome when com-
pared with those born to non-Hispanic white women.
Interestingly, neonates of non-Hispanic African
American women were as likely as those of non-
Hispanic white women to be exposed to drugs but less
likely to be diagnosed with neonatal abstinence syn-
drome. The older the age of the woman, the more
likely her newborn was to be exposed to drugs and
diagnosed with neonatal abstinence syndrome. On

Table 2. Predictors of Prenatal Drug Exposure and Neonatal Abstinence Syndrome Among Neonates in
Washington State, 2000–2008

Characteristics (N�669,451)
Drug-Unexposed

(n�660,427) %

Drug-Exposed
(n�9,024)

Neonatal Abstinence
Syndrome (n�1,642)

%
Adjusted

OR (95% CI) %
Adjusted

OR (95% CI)

Sex (female �referent�) 48.8 48.6 1.0 44.3 1.0
Male 51.2 51.4 1.0 (1.0–1.1) 55.7 1.2 (1.1–1.3)

Mother’s race or ethnicity
(non-Hispanic white �referent�)* 71.5 72.8 1.00 77.0 1.0
Non-Hispanic African American 4.3 9.7 1.0 (0.9–1.1) 5.9 0.6 (0.5–0.7)
Native American or Alaska Native 2.3 10.7 1.8 (1.7–1.9) 12.1 2.0 (1.7–2.3)
Asian American or Pacific Islander 9.7 2.5 0.3 (0.2–0.3) 1.6 0.2 (0.1–0.3)
Hispanic 12.3 4.3 0.2 (0.1–0.2) 3.4 0.1 (0.1–0.2)

Age (y) (younger than 20 �referent�) 8.8 12.4 1.0 4.1 1.0
20–24 23.6 32.5 1.3 (0.2–1.4) 26.3 3.1 (2.4–4.0)
25–29 27.8 27.1 1.4 (1.3–1.6) 32.8 5.4 (4.2–7.1)
30–34 24.4 16.7 1.4 (1.3–1.6) 21.3 5.7 (4.4–7.6)
35 or older 15.3 11.2 1.5 (1.4–1.7) 15.5 6.8 (5.1–9.1)

Education (completed years)
(fewer than 12 �referent�)* 74.6 85.7 1.0 87.9 1.0
12 9.2 9.1 0.9 (0.8–0.9) 6.5 0.6 (0.5–0.8)
More than 12 16.3 5.3 0.6 (0.6–0.7) 5.6 0.6 (0.5–0.7)

Marital status (married �referent�)* 69.3 23.6 1.0 31.6 1.0
Unmarried 30.7 76.4 1.8 (1.5–2.2) 68.4 1.7 (1.2–2.5)

Number of living children (0 �referent�)* 41.8 32.4 1.0 27.0 1.0
1 32.5 25.6 1.2 (1.1–1.3) 26.2 1.1 (1.0–1.3)
2 15.5 19.7 1.6 (1.5–1.8) 22.7 1.5 (1.3–1.7)
3 or more 10.2 22.3 2.2 (2.1–2.4) 24.1 1.6 (1.4–1.9)

Diagnosis of a mental health disorder
(no �referent�) 98.1 90.4 1.0 87.0 1.0
Yes 1.9 9.6 3.7 (3.4–4.0) 13.0 4.3 (3.6–4.9)

Onset of prenatal care
(first trimester �referent�)* 80.4 50.7 1.0 53.7 1.0
Second trimester 15.6 27.2 1.7 (1.6–1.8) 24.7 1.5 (1.3–1.8)
Third trimester 3.4 10.7 2.7 (2.5–3.0) 10.1 2.4 (2.1–2.9)
No prenatal care 0.7 10.5 11.0 (10.0–12.0) 11.5 8.2 (6.7–10.0)

Principal payer for delivery
(Medicaid �referent�) 39.9 79.5 1.0 80.3 1.0
HMO or third party 59.2 17.5 0.3 (0.3–0.3) 17.1 0.2 (0.2–0.2)
Self-pay 0.9 3.0 1.3 (1.2–1.5) 2.6 1.0 (0.7–1.3)

OR, odds ratio; CI, confidence interval; HMO, health maintenance organization.
Models adjusted for all neonatal/maternal characteristics shown.
* Missing data on race on 2.2% of cases, on education for 3.3% of cases, on marital status for 0.8% of cases, on the number of living

children for 2.4% of cases, and on prenatal care onset for 12.3% of cases; missing data indicators for all variables with missing data
were included in the regression models.
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the other hand, the more educated women were, the
less likely their neonates were to be exposed to or
affected by maternal drug use. Neonates born to
unmarried women were 1.7 times (95% CI 1.2–2.5)
more likely to be diagnosed with neonatal abstinence
syndrome compared with married women. Women
of higher parity were more likely than their counter-
parts to deliver drug-exposed neonates and have
neonatal abstinence syndrome-diagnosed neonates.
Women with a diagnosis of mental health disorder
were 3.7 (95% CI 3.4–4.0) times more likely to have
drug-exposed neonates and 4.3 (95% CI 3.6–4.9)
times more likely to have neonatal abstinence syn-
drome-diagnosed neonates.

Although women who initiated prenatal care in
their second or third pregnancy trimester were be-
tween 1.5 and 2.7 times more likely to have drug-
exposed and neonatal abstinence syndrome-diag-
nosed neonates than women who started prenatal
care in their first trimester, the lack of prenatal care
increased the odds of women having drug-exposed
and neonatal abstinence syndrome-diagnosed neo-
nates by more than eight times. Women with private
health insurance were less likely to use drugs during
pregnancy and have a neonate diagnosed with neo-
natal abstinence syndrome than women who were on
Medicaid.

Among neonates not exposed to drugs, 28.1%
were delivered by cesarean, whereas 31.0% (P�.001)
of drug-exposed neonates and 39.8% (P�.001) of
those diagnosed with neonatal abstinence syndrome
were cesarean deliveries (Table 3). The mean length
of birth hospitalization was 2.6 (standard deviation
6.3, median 2, range 0–279) days for unexposed
neonates compared with 6.5 (standard deviation 12.0,
median 3, range 1–274; P�.001) days for drug-ex-
posed neonates and 14.4 (standard deviation 14.3,
median 10, range 1–169; P�.001) days for those
diagnosed with neonatal abstinence syndrome. Neo-
nates exposed to drugs in utero and diagnosed with
neonatal abstinence syndrome weighed on average
326.9 g and 400.5 g less than those unexposed to
drugs, respectively. Relative to unexposed neonates,
those exposed to drugs had 2.6–3.4 times the odds of
being born preterm, low birth weight, having condi-
tions relating to both short gestation and low birth
weight, feeding problems, respiratory distress syn-
drome, or other respiratory conditions specific to the
early neonatal period. Moreover, neonates diagnosed
with neonatal abstinence syndrome were between 4.1
and 9.2 times more likely than drug-unexposed neo-
nates to have the conditions noted previously. Impor-
tantly, these crude ORs declined by more than 10.0%

for the associations between drug exposure and neo-
natal abstinence syndrome and birth weight, low birth
weight, and feeding problems after adjusting for three
important potential confounders: heavy drinking,
heavy smoking, and maternal nutritional deficiencies,
but their statistical significance did not change. As
shown in Table 3, ORs for the associations between
perinatal outcomes and drug exposure and neonatal
abstinence syndrome declined after adjusting for low
birth weight or prematurity, but their statistical signif-
icance persisted.

DISCUSSION
This study uses population-level data to investigate
patterns of maternal drug use and its effect on neo-
nates in a U.S. state in recent years. Rates of neonatal
drug exposure and neonatal abstinence syndrome
increased significantly in Washington State during the
study period, the latter following a similar but consis-
tently higher trend than the U.S. neonatal abstinence
syndrome rate. Since 2005, rates of prenatal drug
exposure decreased by 17.0%, whereas neonatal ab-
stinence syndrome rates plateaued in Washington
State. Because opioids are the most frequent cause of
neonatal abstinence syndrome,5,13 this finding is con-
sistent with the observed increase in opioid exposure
among neonates overall and among those diagnosed
with neonatal abstinence syndrome, and supports our
hypothesized shift in the types of drugs women use
during pregnancy. This is not the only report that
points toward a rise in opioid use by pregnant women
in Washington State. Recently reported data from the
Pediatric Interim Care Center in Kent, Washington, a
“statewide model program” providing specialized
care for drug-exposed newborns, show that the per-
centage of admitted neonates exposed to prescription-
type opiates has doubled between 2005 and 2009.8

This finding is consistent with a documented twofold
increase in sales of opioid analgesics in Washington
State in recent years (see the Appendix online at
http://links.lww.com/AOG/A292)14 and the current
obstetric literature showing significant increases in use
of prescription opioid analgesics among pregnant
women.5 The matching, yet slower rates of increase in
both neonatal abstinence syndrome and opioid anal-
gesic sales in the United States suggest that this
practice may not be unique to Washington State.14

Several factors associated with drug exposure and
neonatal abstinence syndrome in Washington State
are identified here. Male neonates are slightly more
likely to be diagnosed with neonatal abstinence syn-
drome than females. Although based on administra-
tive data, this finding is in line with results from
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studies finding higher neonatal abstinence syndrome
scores and need for higher doses and longer neonatal
abstinence syndrome treatment course for male than
for female infants.15 Neonates born to Native Ameri-
can and Alaska Native women are significantly more
likely to be drug-exposed and diagnosed with neona-
tal abstinence syndrome than those born to non-
Hispanic white women. This finding is consistent with
National Survey on Drug Use and Health data show-
ing higher rates of drug use among Native American
and Alaska Native men and women.4 Neonates born
to non-Hispanic African American women appear to
be as likely as those born to non-Hispanic white
women to be exposed to drugs prenatally but less
likely to be diagnosed with neonatal abstinence syn-
drome. It may be that non-Hispanic African Ameri-
can women are more likely to use nonnarcotic drugs
during pregnancy than non-Hispanic white women,
as previously shown by Muhuri and Gfroerer.16 Find-
ings related to higher maternal education,13,17 age,18

parity13,18 and marital status3,13,17 and the lower prena-
tal drug exposure and neonatal abstinence syndrome
rates are in line with those found by other studies.
Although not the first study to show a relationship
between drug use during pregnancy and mental
health disorders,3,13,19,20 our study also ascertains the

corresponding high use of psychotropic drugs like
sedatives, hypnotics, and tranquilizers by pregnant
women.

This study is not without limitations. Under-
ascertainment of drug exposure, neonatal abstinence
syndrome, perinatal outcomes, maternal risk factors,
and Medicaid coverage is possible with use of admin-
istrative data.21 Of note, we assess maternal drug
exposure using hospital discharge diagnosis codes at
the time of delivery. Ebrahim and Gfroerer17 used
National Survey on Drug Use and Health data and
estimated that 93.0% of women reporting illicit drug
use early in pregnancy abstained by the third trimes-
ter. Thus, when compared with the 4.5% of all
pregnant women reporting illicit drug use for Na-
tional Survey on Drug Use and Health,10 our captur-
ing of 1.3% drug-using women at the time of delivery
is highly plausible. Also, the algorithm developed for
drug exposure and neonatal abstinence syndrome
identification is a comprehensive ICD-9-CM-based
algorithm but has not yet been validated against any
other drug exposure and neonatal abstinence syn-
drome identification methods. Underestimation of
drug exposure and neonatal abstinence syndrome
may lead to conservative estimates of the associations
of interest.

Table 3. Associations Between Prenatal Drug Exposure and Neonatal Abstinence Syndrome and
Perinatal Health Among Neonates in Washington State, 2000–2008

Perinatal Health
Outcomes (N�669,451)

Drug-Unexposed
(n�660,427)

Mean (SD) or %

Drug-Exposed (n�9,024)

Mean
(SD) or %

Crude
OR (95% CI)*

LBW-Adjusted
OR (95% CI)†

Prematurity-
Adjusted

OR (95% CI)‡

Delivery-related associations
Cesarean delivery 28.1 31.0 1.2 (1.0–1.3)
Preterm delivery† 8.4 21.1 3.0 (2.8–3.1)
Birth weight (g)† 3,385.9 (567.5) 3,062.6 (650.1) �326.9 (�338.7 to �315.1)
LBW† 5.7 16.6 3.4 (3.2–3.6)
Disorders relating to short

gestation and LBW
6.5 17.0 3.0 (2.9–3.2)

LBW- or prematurity-
confounded associations

Length of birth
hospitalization (d)

2.6 (6.3) 6.5 (12.0) 3.8 (3.7–4.0) 2.4 (2.3–2.6) 2.6 (2.5–2.8)

Feeding problems 3.4 10.4 3.4 (3.1–3.6) 2.2 (2.0–2.3) 2.2 (2.0–2.3)
Respiratory distress

syndrome
1.3 3.4 2.7 (2.4–3.1) 1.2 (1.0–1.3) 1.2 (1.1–1.4)

Other respiratory
conditions

6.7 15.6 2.6 (2.4–2.7) 1.8 (1.7–2.0) 1.8 (1.7–1.9)

SD, standard deviation; OR, odds ratio; CI, confidence interval; LBW, low birth weight.
The reference group for dichotomous outcomes in all models comprises neonates with a vaginal delivery, without LBW, delivered at or

after term, without disorders relating to short gestation and LBW, feeding problems, respiratory distress syndrome, other respiratory
conditions, respectively.

* Unadjusted model.
† Model adjusted only for LBW (birthweight data missing for 0.3% of cases).
‡ Model adjusted only for prematurity (gestational age data missing for 0.7% cases).
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Lack of information on maternal drinking and
smoking patterns in Birth Events Records Database
prevents us from providing conclusive evidence of the
associations between drug exposure and neonatal
abstinence syndrome and perinatal outcomes. Adjust-
ment for proxy variables for heavy drinking, heavy
smoking, and maternal nutritional deficiencies did not
change the significance of the crude associations.
However, separate adjustment for either low birth
weight or prematurity reduced the magnitude of
observed relationships, especially of those with neo-
natal abstinence syndrome. Given the many behavior
factors associated with drug use, pregnancy, and
perinatal outcomes, disentangling direct effects of
drug use is challenging.22

Like other studies that rely on administrative
data, we were limited to routinely collected data; the
accuracy and completeness of these data may depend
on the variable under study.23 For example, our
inability to examine associations between specific
types of drugs and perinatal outcomes is the result of
the proportion of drug-exposed and neonatal absti-
nence syndrome cases with an “unknown” type of
drug. Moreover, it is impossible to determine from
these data how many women used prescription drugs
and whether they were using them medically (eg,

chronic pain, methadone treatment) or nonmedically.
Thus, data are also prone to over-ascertainment (ie,
diagnosis suspicion bias) of drug exposure (ie, women
using drugs therapeutically and those perceived to be
at “high risk” for drug use may be more likely to
receive a drug use diagnosis at hospital discharge) and
neonatal abstinence syndrome (ie, diagnosis differ-
ences between health care providers); this may have
led to overestimation of assessed associations. Re-
search has shown that the timing, duration, and
amount of drug exposure can greatly affect perinatal
outcomes,24 and we were not able to control for these
exposure patterns. Future studies should include ob-
jective measures of specific drugs and drug exposure
patterns, assess outcomes among women on metha-
done maintenance separately, and explore timing and
dose–response relationships.

This study has important clinical, societal, and
public health implications. Clinicians should screen
reproductive-aged women for drug use and refer
them for treatment as recommended by the American
College of Obstetricians and Gynecologists.25 Also,
their understanding of maternal drug use patterns is
essential to tailoring peripartum care plans for drug-
exposed women and neonates. Management of preg-
nant drug-abusing patients may involve not only

Neonatal Abstinence Syndrome (n�1,642)

% or
Mean (SD)

Crude
OR (95% CI)*

LBW-Adjusted
OR (95% CI)†

Prematurity-
Adjusted

OR (95% CI)‡

39.8 1.7 (1.5–1.9)
26.3 4.1 (3.7–4.6)

2,989.3 (618.3) �400.5 (�428.1 to �373.0)
20.6 4.6 (4.1–5.2)
24.2 4.9 (4.4–5.5)

14.4 (14.3) 11.8 (11.5–12.1) 9.9 (9.6–10.1) 10.2 (9.9–10.5)

24.1 9.2 (8.2–10.3) 6.6 (5.7–7.5) 6.5 (5.6–7.4)
5.1 4.2 (3.4–5.3) 1.5 (1.2–2.0) 1.6 (1.3–2.0)

27.7 5.4 (4.8–6.0) 3.9 (3.5–4.5) 3.8 (3.3–4.3)

VOL. 119, NO. 5, MAY 2012 Creanga et al Maternal Drug Use and Neonatal Morbidity 931



management of the primary abuse, but also of the use
of multiple substances and of comorbid mental health
or other medical conditions. As noted by Chou et al,26

long-term use of opioid analgesics during pregnancy
should be minimized. Treatment of substance abuse
during pregnancy has been shown to increase fetal
growth27 and decrease the risk of poor outcomes28 but
is commonly associated with neonatal abstinence
syndrome.29 Multidrug use appears to be associated
with greater and longer need of neonatal abstinence
syndrome treatment29,30; thus, long-term monitoring
of the health effects of some drug-exposed neonates
may be needed. Programs tailored for drug-using
pregnant women need to address factors contributing
to their drug abuse and adverse perinatal outcomes
such as women’s reticence to access substance abuse
treatment and prenatal care, their lack of medical
insurance and social support, and poverty, especially
in rural areas. Washington State has specialized pro-
grams providing comprehensive medical and recov-
ery support for drug-abusing women and their neo-
nates, which have been shown to improve medical
and social outcomes31 and lead to cost-savings for the
health care system32; programs like these need to
continue. Evidence demonstrates that punitive mea-
sures are ineffective in reducing illicit drug use among
pregnant women.33,34 Integrated prenatal care and
drug abuse treatment may deliver benefits for both
mothers and neonates,35 but reducing drug use before
conception and starting treatment early in pregnancy
are paramount to reducing maternal drug abuse and
its negative effects.
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