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Dear Dr. Warren,

Our research team is grateful for funding provided by the State of Tennessee
Department of Health, which has allowed us to advance scientific knowledge on the
causes of neonatal abstinence syndrome (NAS). In this letter we summarize scientific
findings that resulted from grant #34347-47314, “Prescription Opioid Prescribing
Patterns as Predictors of Neonatal Abstinence Syndrome.”

Summary
Our project aimed to determine if specific maternal opioid prescribing patterns, including

dose, duration and opioid type, were associated with an infant developing NAS. To
achieve this aim, we utilized data that combined TennCare claims (outpatient, inpatient
and prescribing claims) with vital records (birth certificates). We utilized data from 2009
to 2011, gathering data from more than 110,000 pregnancies.

We found:
» 31,354 women filled opioid prescriptions during their pregnancy, 96 percent of
which were short-acting opioids (e.g. oxycodone)
*  When compared to women without opioid prescriptions, women prescribed
opioids were more likely to (p<0.001):
0 Be Caucasian (72.4% vs. 65.8%)
Have Hepatitis C (1.1% vs. 0.4%)
Be diagnosed with depression (5.3% vs. 2.7%)
Be diagnosed with anxiety (4.3% vs. 1.6%)
Smoke cigarettes (41.8% vs. 25.8%)
0 Use a selective serotonin reuptake inhibitor (4.3% vs. 1.9%)
*  When compared to infants not exposed to opioids, those who developed NAS
were more likely to (p<0.001):
o0 Be born preterm (16.7% vs. 11.0%)
0 Be born low birth weight (21.2% vs. 9.9%)
0 Have respiratory difficulties (28.7% vs. 8.8%)
0 Be jaundiced (36.2% vs. 17.4%)
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0 Have feeding difficulties (13.1% vs. 2.3%)
0 Have seizures (3.7% vs. 0.3%)

Not all opioid-exposed infants develop NAS; however, data determining an infant’s risk
of developing the syndrome are sparse. In our study, we sought to determine what
factors increase an infant’s risk of NAS. We found:

* Infants exposed to maintenance and long-acting opioids are more likely to
develop NAS than those exposed to short-acting preparations

» Infants exposed to cigarettes in addition to an opioid were more likely to develop
NAS

o We found that higher numbers of daily cigarettes were associated with a
higher NAS risk

* Medication dose as measured by cumulative morphine equivalents increased
NAS risk among infants exposed to short-acting opioids, but not maintenance
medications

* Infants exposed to an opioid and an SSRI were more than twice as likely to
develop NAS when compared to those exposed only to an opioid

Next, we sought to validate billing coding for NAS using structured medical record
review. Our initial validation work from 228 charts suggests that the billing code is:

* 88.1% (95% CI: 83.3%-91.7%) sensitive
e 97.0% (95% CI: 93.8%-98.5%) specific

Next Steps
Funding from this grant allowed our group to conduct work that has led to additional

funding, including a 5-year award from the National Institute on Drug Abuse within the
National Institutes of Health. Together, these funding sources will allow us to review all
cases of NAS to further validate billing codes and gather clinical information (e.g.
diagnostic drug testing).

Impact
These results were published in the May issue of the journal Pediatrics in a paper

entitled “The Prescription Opioid Epidemic and Infant Outcomes.” To facilitate
dissemination of this paper to the public and to policymakers we created 1) a press
release and 2) a one-page policy memo. This paper garnered the attention of hundreds
of media outlets in the US, for example:
* Medscape: http://www.medscape.com/viewarticle/843014
* US News: http://health.usnews.com/health-news/articles/2015/04/13/narcotic-
painkillers-in-pregnancy-common-harmful-to-baby-study)

Furthermore, this work has been cited by policymakers, most recently in a US House of
Representatives Subcommittee hearing on NAS related legislation:
http://energycommerce.house.gov/hearing/examining-public-health-legislation-hr-2820-
hr-1344-and-hr-1462
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Conclusion

This grant from the Tennessee Department of Health was vital to our team’s ability to
conduct this important work. We found that opioid prescribing in pregnancy is common
and associated with adverse neonatal outcomes. Further, we determined that dose for
short-acting opioids, cigarette use and SSRI use all increase risk of NAS among opioid-
exposed infants. This work garnered the attention of the public and policymakers,
lending data to state and national efforts to reduce the number of infants suffering from
neonatal abstinence syndrome.

Sincerely,

Stephen W. Patrick, MD, MPH, MS

Assistant Professor of Pediatrics and Health Policy
Division of Neonatology

Vanderbilt University School of Medicine

Attached are the following:

Appendix A: “Prescription Opioid Epidemic and Infant Outcomes,” published in the
journal Pediatrics

Appendix B: Data supplement to “Prescription Opioid Epidemic and Infant Outcomes,”
published in the journal Pediatrics

Appendix C: Press release for “Prescription Opioid Epidemic and Infant Outcomes,”
published in the journal Pediatrics

Appendix D: One-page policy memo for “Prescription Opioid Epidemic and Infant
Outcomes,” published in the journal Pediatrics
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Prescription Opioid Epidemic
and Infant Outcomes

Stephen W. Patrick, MD, MPH, MS#>¢d  Judith Dudley, BS¢, Peter R. Martin, MD, MSc®" , Frank E. Harrell, PhD¢,
Michael D. Warren, MD, MPH", Katherine E. Hartmann, MD, PhD®! E. Wesley Ely, MD, MPH®* Carlos G. Grijalva, MD, MPHed*
William 0. Cooper, MD, MPH2¢d

BACKGROUND AND 0BJECTIVES: Although opioid pain relievers are commonly prescribed in pregnancy,
their association with neonatal outcomes is poorly described. Our objectives were to identify
neonatal complications associated with antenatal opioid pain reliever exposure and to
establish predictors of neonatal abstinence syndrome (NAS).

METHODS: We used prescription and administrative data linked to vital statistics for mothers and
infants enrolled in the Tennessee Medicaid program between 2009 and 2011. A random
sample of NAS cases was validated by medical record review. The association of antenatal
exposures with NAS was evaluated by using multivariable logistic regression, controlling for
maternal and infant characteristics.

results: Of 112 029 pregnant women, 31 354 (28%) filled =1 opioid prescription. Women
prescribed opioid pain relievers were more likely than those not prescribed opioids (P < .001)
to have depression (5.3% vs 2.7%), anxiety disorder (4.3% vs 1.6%) and to smoke tobacco
(41.8% vs 25.8%). Infants with NAS and opioid-exposed infants were more likely than
unexposed infants to be born at a low birth weight (21.2% vs 11.8% vs 9.9%; P < .001). In
a multivariable model, higher cumulative opioid exposure for short-acting preparations (P <
.001), opioid type (P < .001), number of daily cigarettes smoked (P < .001), and selective
serotonin reuptake inhibitor use (odds ratio: 2.08 [95% confidence interval: 1.67-2.60]) were
associated with greater risk of developing NAS.

CONCLUSIONS: Prescription opioid use in pregnancy is common and strongly associated with
neonatal complications. Antenatal cumulative prescription opioid exposure, opioid
type, tobacco use, and selective serotonin reuptake inhibitor use increase the risk

of NAS.
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WHAT’S KNOWN ON THIS SUBJECT: Although
opioid pain relievers are commonly prescribed
in pregnancy, their association with neonatal

outcomes is not well described. Further, factors
associated with development of neonatal
abstinence syndrome, a neonatal opioid
withdrawal syndrome is inadequately
understood.

WHAT THIS STUDY ADDS: Prescription opioid use
in pregnancy is common and strongly associated
with neonatal complications. Antenatal
cumulative prescription opioid exposure, opioid
type, tobacco use, and selective serotonin
reuptake inhibitor use increase the risk of
neonatal abstinence syndrome.
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Recently, sales of opioid pain
relievers (OPRs) in the United States
have surged.! Complications of this
increase have affected a wide range
of the US population, including
pregnant women and their infants.2:3
Neonatal abstinence syndrome
(NAS) is a postnatal withdrawal
syndrome, initially described among
heroin-exposed infants,* that
presents with a wide array of clinical
signs ranging from feeding
difficulties to seizures.5 From 2000
to 2009, the number of infants in the
United States diagnosed with NAS
grew nearly threefold, temporally
associated with a fourfold increase in
OPR prescriptions.1- By 2009, one
US infant was born per hour with
NAS, accounting for $720 million in
national health care expenditures.®
Despite this temporal association, no
large population-based studies have
explored the association between
OPR use in pregnancy and NAS.

Factors that determine which
exposed infants will develop NAS are
poorly understood. Rates of NAS
among infants exposed to heroin or
maintenance medications are
reportedly as high as 80%.57 For
infants exposed to maintenance
medications, risk of NAS seems
unrelated to opioid dose®?; however,
the association of cumulative opioid
exposure for nonmaintenance OPRs
and NAS has not been studied. Some
reports suggest that the use of
tobacco and coprescription of
selective serotonin reuptake
inhibitors (SSRIs) may also increase
the likelihood of developing
NAS.10-12

Using a large retrospective cohort of
pregnant women, our objectives
were to identify neonatal
complications associated with
antenatal OPR exposures and to
determine if antenatal cumulative
prescription opioid exposure, opioid
type, number of cigarettes smoked
daily, and SSRI use were associated
with a higher likelihood of
developing NAS.

METHODS

Study Design and Setting

This retrospective, longitudinal
cohort study was conducted by using
data from TennCare, Tennessee’s
Medicaid program; outpatient
prescription claims were linked to
vital records and hospital and
outpatient administrative data. These
resources have been used extensively
to assess the safety of medications
during pregnancy.13-16 Medicaid
serves as an ideal program to study
NAS because an estimated 80% of
infants with NAS nationwide are
enrolled in state Medicaid programs.®

The present study was approved with
a waiver of informed consent by the
Vanderbilt University institutional
review board, the State of Tennessee
Department of Health, and the Bureau
of TennCare.

Cohort Assembly

Maternal and infant dyads were
included in the study if: (1) the
mother was 15 to 44 years old at the
time of delivery; (2) the mother had
been enrolled in TennCare at least
30 days before delivery; and (3) the
infants were enrolled in TennCare
within 30 days after delivery. Last
menstrual period and date of delivery
were obtained from vital records.1?
Pregnancies were included if the birth
occurred between January 1, 2009,
and December 31, 2011. Of a total
134 450 births, 112 029 met our
inclusion criteria (83.3%).

Exposures

The study’s primary exposure of
interest was any prescription opioid
fill during pregnancy identified from
TennCare pharmacy claims data.
TennCare pharmacy files contain
information on all outpatient
prescriptions that are reimbursed by
TennCare. Opioid drug types were
categorized as short-acting (eg,
oxycodone hydrochloride), long-
acting (eg, oxymorphone
hydrochloride extended release), or
maintenance (eg, buprenorphine

hydrochloride) medications. Opioid
doses were converted to morphine
milligram equivalents by using
established conversion guidelines to
facilitate meaningful comparisons.18
Duration of opioid use was defined as
the period between the prescription
start date and the end of the days of
supply (allowing up to a 5-day
carryover period from previous
prescriptions). SSRI prescriptions
filled within 30 days before delivery
were captured. Information on
tobacco use during pregnancy was
obtained from birth certificates and
from claims by using International
Classification of Diseases, Ninth
Revision, Clinical Modification (ICD-9-
CM),1? diagnostic codes (tobacco:
305.1, V15.82, 989.84, and 649.0x).
Data regarding the number of
cigarettes smoked per day were
obtained from birth certificates, and
medication costs were obtained from
TennCare pharmacy expenditures.
Antenatal exposure to
benzodiazepines2? has been
associated with more severe NAS
among opioid-exposed infants and
was considered in our evaluation;
however, the use of these drugs was
rare in the study population (167 of
112 029) due to TennCare policies
and was not included.

Descriptive Variables, Demographic
Characteristics, and Outcomes

Maternal Characteristics

Demographic information was
obtained, including maternal age,
education (number of years), birth
number (parity), and race from birth
certificates. Given that the literature
describes opioid-using populations to
be at increased risk of hepatitis B,21
hepatitis C,21.22 HIV,23
depression,24-26 and anxiety,2” data
regarding these conditions were
obtained from birth certificate data
and from outpatient and hospital
administrative records by using
diagnostic codes (hepatitis B: 070.2x
and 070.3x; hepatitis C: 070.41,
070.44, 070.51, 070.54, and 070.7x;
HIV: 042, 079.53, and V08;
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depression: 296.2x, 296.3x, and 311;
and anxiety disorder: 300.x). Acute
pain, chronic pain, headache or
migraine, and musculoskeletal
diseases were identified by using
ICD-9-CM codes (acute pain: 338.1x;
chronic pain: 338.2x; headache or
migraine: 339.x, 346.x, and 784.0;
diseases of the musculoskeletal
system and connective tissue:
710.x-739.x) as potential OPR
indications. Lastly, we identified
women with opioid dependency
(opioid-type dependence: 304.0x;
combinations of opioid type drug
with any other drug dependence:
304.7x).

Outcome

Infants with NAS were identified if the
ICD-9-CM code 779.5 (drug
withdrawal syndrome in newborn)
appeared in any diagnostic field
during the birth hospitalization. To
establish the accuracy of
administrative coding for NAS, a chart
review was performed of 228
randomly selected cases and noncases.
Using a standard definition of NAS as
a reference, ICD-9-CM-based
identification yielded an 88.1% (95%
confidence interval [CI]: 83.3-91.7)
sensitivity and a 97.0% (95% CI:
93.8-98.5) specificity (Supplemental
Information Appendix A). Infants were
further classified as having: (1) no
opioid exposure; (2) opioid exposure
without NAS; or (3) NAS.

Infant Characteristics

After establishing our cohort, our goal
was to describe the clinical
characteristics of each infant based

a priori on the literature. NAS is
characterized by respiratory
symptoms, feeding difficulties, and
seizures. Opioid-exposed infants and
infants with NAS are also more likely
to be born preterm or with a low birth
weight.> Gender, gestational age, and
birth weight data were obtained from
birth certificates. Clinical signs of NAS,
including transient tachypnea of the
newborn (770.6), meconium
aspiration syndrome (770.11 and
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770.12), respiratory distress
syndrome (769.x), other neonatal
respiratory diagnoses (770.x,
excluding the aforementioned codes
and 770.7), feeding difficulty (779.3x),
and seizure (779.0 and 780.3), were
obtained from hospital claims. Infants
with NAS might be at greater risk for
concerns of sepsis (771.81)
considering their clinical presentation
(eg, irritability, respiratory distress),
and they may also be at an increased
risk of jaundice (774.x) due to feeding
difficulties. We evaluated for
necrotizing enterocolitis (777.5x),
given that some authors have reported
an association between this condition
and NAS.28 Lastly, we examined the
risk of hemolytic disease (773.x)
among infants with NAS because of
the possibility of previous maternal
intravenous drug use.

Data Analysis

The Wilcoxon rank-sum test and

X° tests were used where appropriate
for bivariate analyses. Candidate
predictors of NAS were established

a priori from the literature. The level
of missing data in our predictors was
evaluated; <1% of missing data was
found for all variables except number
of cigarettes smoked per day, which
had 5.6% missing. Birth weights
<400 g were deemed unreliable and
considered missing. To account for
missing data, we used the areglmpute
function for multiple imputation by
using predictive mean matching29.30
with 5 imputations. Because of the
small numbers of long-acting opioids
(n = 177), this group was combined
with maintenance opioids for the
statistical analyses. Using our entire
cohort of 112 029 pregnant women,
a logistic regression model was fit
with NAS as the outcome and
cumulative opioid exposure, opioid
type (short-acting, long-acting, or
maintenance), number of cigarettes
smoked per day, SSRI within 30 days
of delivery, infant gender, birth
weight, multiple gestations, year of
birth, birth number (parity), maternal
age, maternal education, and

maternal race (white, African
American, and other) as predictors.
The nonlinear relationship of
continuous variables was accounted
for by using restricted cubic splines
for all variables except morphine
milligram equivalents, which were
cube root transformed and fit by
using a quadratic function to account
for skewness.2? Results for nonlinear
predictors are presented graphically
(with P values for tests of association)
because odds ratios would compare
arbitrary data points and may not
fully capture their nonlinear
relationship with the primary outcome
(ie, NAS). Interactions were tested
between opioid type X cumulative
opioid exposure, number of cigarettes
smoked per day X cumulative opioid
exposure, opioid type X number of
cigarettes smoked per day, and SSRI X
cumulative opioid exposure.

Because OPR use early in pregnancy
would likely not result in NAS, 2
supplemental analyses restricted to
opioid prescriptions were performed
that continued through the final 30
and 14 days of pregnancy to
determine if restriction to these
subsets changed our results. Cost
estimates were created by using
TennCare pharmacy expenditures
and previously published estimates of
NAS hospitalization charges.® All
dollars were adjusted to 2011 US
dollars by using the Consumer Price
Index.31 Statistical analyses were
completed by using R version 3.1.0.
(R Foundation for Statistical
Computing, Vienna, Austria)32 and
Stata version 13.0 (StataCorp, College
Station, TX).

RESULTS

Among the 112 029 pregnant women
in our sample, 31 354 (28.0%) were
prescribed at least 1 OPR during
pregnancy. Compared with women
with no opioid exposure, women
taking OPRs were more likely (P <
.001) to be white (72.4% vs 65.8%);
have depression (5.3% vs 2.7%),
anxiety disorder (4.3% vs 1.6%),
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headache or migraine (8.3% vs 2.0%),
and musculoskeletal disease (23.7%
vs 5.8%); use tobacco (41.8% vs
25.8%); and be prescribed an SSRI
within 30 days before birth (4.3% vs
1.9%) (Table 1).

Among women prescribed opioids,
the majority received short-acting
medications (n = 30 192 [96.2%]);
fewer received maintenance
treatment of opioid use disorder (n =
853 [2.7%]) or long-acting
preparations (n = 177 [0.6%])
(Supplemental Table 4). Median
(interquartile range) cumulative
morphine milligram equivalents were
higher among those using
maintenance medications (18 480
[8160-37 232]) compared with those
using long-acting preparations (4029
[1508-10 800]) or short-acting
preparations (150 [75-373]; P <
.001). Median (interquartile range)
amounts paid for OPRs per individual

were $1317 (586-2598) for
maintenance treatment, $208
(53-756) for long-acting
preparations, and $8 (5-16) for
short-acting preparations. Within the
last 30 days of pregnancy, 8835
women were prescribed OPRs, 93.6%
of whom received a short-acting
preparation (Supplemental Table 5).
Lastly, 12 896 women received a

>7 days’ supply of opioids during
pregnancy (Supplemental Table 6).

In our cohort, a total of 1086 infants
were diagnosed with NAS, 701 (65%)
of whom had mothers with at least 1
OPR prescription during pregnancy.
Between 2009 and 2011, the
quarterly rate of NAS among infants
in TennCare rose from 6.0 to 10.7 per
1000 births (P < .001) (Fig 1). NAS
occurred more frequently among
infants exposed to maintenance
opioids (29.3%) and long-acting
opioids (14.7%) than in those

TABLE 1 Maternal Characteristics According to Opioid Exposure in Tennessee Medicaid,

2009-2011
Characteristic No Opioid Any Opioid P
(n = 80675) (n = 31354)
Median I0R Median I0R
Age, y 23 20-27 24 21-27 <.001
Education, y 12 12-13 12 11-13 <.001
Birth number 1 1-2 1 1-2 <.001
N % N %
Race <.001
Black 25986 32.2 8362 26.7
White 53074 65.8 22699 724
Other 1298 1.6 188 0.6
Maternal comorbidities
Pain
Musculoskeletal disease 4430 5.8 7439 23.7 <.001
Headache or migraine 1636 20 2593 8.3 <.001
Chronic pain 40 0.0 187 0.6 <.001
Acute pain 72 0.1 132 0.4 <.001
Infectious
Hepatitis C 328 04 358 1.1 <.001
Hepatitis B 91 0.1 39 0.1 .61
HIV 144 02 43 0.1 0.13
Psychiatric
Depression 2185 2.7 1672 5.3 <.001
Anxiety disorder 1279 1.6 1361 43 <.001
Opioid dependency 154 0.2 262 0.8 <.001
Additional substances used
Tobacco 20785 25.8 13097 418 <.001
SSRI (last 30 d of pregnancy) 1529 1.9 1335 43 <.001

Percentages may not add to 100% because of rounding.
IQR, interquartile range.

exposed to short-acting preparations
(1.4%) (Supplemental Table 4).
Infants with NAS were more likely
than other opioid-exposed and
nonopioid-exposed infants to be born
with a low birth weight (21.2% vs
11.8% vs 9.9%; P < .001) and
preterm (16.7% vs 11.6% vs 11.0%;
P < .001). Consistent with the
characteristics of the syndrome, when
comparisons were made between
nonopioid and opioid-exposed
infants, those with NAS were more
likely (P < .001) to have respiratory
diagnoses (28.7% vs 10.1% vs 8.8%),
feeding difficulties (13.1% vs 2.6% vs
2.3%), and seizures (3.7% vs 0.4% vs
0.3%). Rates of necrotizing
enterocolitis were similar among all
groups (Table 2). Every $1 spent on
short-acting and long-acting opioids
(excluding maintenance) was
associated with $52 and $12,
respectively, in hospital charges for
infants with NAS.

After adjusting for maternal age,
education, race, infant gender, birth
weight, multiple births, birth number
(parity), year of birth, the interaction
of opioid type X cumulative opioid
exposure, opioid type X number of
cigarettes smoked per day, and
number of cigarettes smoked per
day X cumulative opioid exposure, the
following factors were independently
associated with an increased odds of
NAS: cumulative opioid exposure for
short-acting OPRs (P < .001), opioid
type (P < .001), number of cigarettes
smoked per day (P < .001), and SSRI
use within 30 days of delivery (odds
ratio: 2.08 [95% CI: 1.67-2.60])

(Fig 2). For pregnant women exposed
to maintenance/long-acting opioids,
the risk of NAS was consistently
higher than in other exposure groups,
but the risk did not vary with
cumulative opioid exposure (P = .16).
In supplemental analyses, restricting
assessments to women who filled
OPR prescriptions through 30 and
14 days before delivery, our results
were similar to the findings from our
primary analysis (Supplemental
Tables 7 and 8, respectively).
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FIGURE 1

Rate of NAS in Tennessee Medicaid according to quarter, 2009 through 2011. P < .001.

Based on our regression model, the
predicted probability of NAS among
mothers who received OPRs during
pregnancy varied greatly depending
on drug type, cumulative opioid
exposure, and number of cigarettes
smoked per day. As an example,

a woman who took oxycodone
hydrochloride 10 mg every 6 hours
for 5 weeks with no tobacco or SSRI

use had a probability of delivering an
infant with NAS of 0.011 (95% CI:
0.008-0.016). In contrast, a woman
prescribed buprenorphine
hydrochloride 24 mg daily for 25
weeks, who smoked 20 cigarettes
(ie, 1 pack) per day and took an SSRI,
had a 0.366 (95% CI: 0.270-0.474)
probability of her infant having NAS
(Table 3).

TABLE 2 Infant Characteristics for Infants With and Without NAS in Tennessee Medicaid,

2009-2011
Characteristic No Opioid Opioid NAS P
(No NAS) (No NAS) (n = 1086)
(n = 80292) (n =30651)
N % N % N %

Female 39 064 487 14 986 489 502 46.2 2
Preterm (<37 wk) 8868 11.0 3549 11.6 181 16.7 <.001
Low birth weight (<2500 g) 7940 9.9 3615 11.8 230 212 <.001

Clinical conditions

Respiratory diagnoses 7052 8.8 3083 10.1 312 28.7 <.001
Transient tachypnea of the newborn 2192 2.7 964 3.1 146 13.4 <.001
Respiratory distress syndrome 2170 27 1045 34 76 7.0 <.001
Meconium aspiration syndrome 321 04 106 0.3 36 3.3 <.001
Other respiratory diagnoses 4517 5.6 1965 6.4 177 16.3 <.001
Jaundice 13963 17.4 5503 18.0 393 36.2 <.001
Feeding difficulty 1809 23 788 28 142 13.1 <.001
Sepsis 1515 19 692 23 78 72 <.001
Seizure 240 0.3 117 04 40 3.7 <.001
Hemolytic disease 1051 1.3 342 1.1 28 26 <.001

Necrotizing enterocolitis 136 0.2 56 0.2 ** 0.1 7

Comparisons made among mutually exclusive groups of no opioid exposure and no NAS, opioid exposure and no NAS, and

NAS. Percentages may not add to 100% because of rounding.

**Value suppressed given n <10 in cell.
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DISCUSSION

In this large retrospective cohort
study of >100 000 pregnancies,
cumulative OPR exposure for short-
acting OPRs, opioid type, tobacco, and
SSRI use during pregnancy was
associated with an increased risk of
NAS. In the study cohort, nearly 1 in
3 women used at least 1 OPR during
pregnancy; 96% were
nonmaintenance prescription opioids.
Although NAS has previously been
associated with illicit opioid use, we
found that 65% of infants with NAS
were exposed to legally obtained
OPRs in pregnancy. These
associations provide compelling
evidence that OPRs and other
concurrent antenatal exposures have
a measurable deleterious impact on
infants who are more likely than
others to be born with NAS and
related complications.

Maintenance medications were
categorized separately, given that
women using maintenance
medications have different risks
and different reasons for using
opioids. For women with heroin
dependency especially, maintenance
medications have been shown to
improve both maternal and neonatal
outcomes, including improved fetal
growth and decreased preterm
birth.33.34

Neonatal Complications

Rates of NAS nearly doubled in
TennCare during our 3-year study
period, reaching 10.7 per 1000 births,
exceeding previously reported rates
of 3.4 per 1000 births. Compared
with nonopioid-exposed infants,
those with NAS were more likely to
have neonatal complications. Opioid-
exposed infants and those with NAS
were more likely than nonopioid-
exposed infants to be born preterm
and have low birth weight. Preterm
birth imparts risk to the infant for
clinical comorbidities, including
respiratory distress syndrome,
feeding difficulties, and jaundice

(as we have shown).
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FIGURE 2

Probability of NAS. A, Opioid type and cumulative morphine milligram equivalents (MMEs). B, Number of cigarettes smoked per day and cumulative MMEs
after adjusting for maternal characteristics, infant characteristics, and birth characteristics. Graph A: Cumulative MMEs and risk of NAS for short-acting
opioid preparations (P << .001) and long-acting/maintenance opioid preparations (P = .16). Graph B: An increasing number of cigarettes raised the risk of
NAS among women with 0 cumulative MME (ie, receiving no legal opioids; P << .001) receiving a cumulative total of 8400 MMEs, which equals oxycodone
10 mg q6h X 20 weeks (P < .001), and 42 000 MMEs, which equals buprenorphine 24 mg daily X 25 weeks (P < .001). The absolute risk and 95% Cls of
NAS have been adjusted for cumulative opioid dose in MMEs, maternal age, maternal education, birth number, infant birth weight, year of birth, maternal
race, infant gender, multiple gestations, and interaction effects of drug type X cumulative opioid dose (P =.002), number of cigarettes smoked per day X
cumulative opioid dose (P << .001), and drug type X number of cigarettes smoked per day. Total sample = 112 029 mother—infant dyads, 30 651 mothers

with OPR use, and 1086 infants with NAS.

In this study cohort, opioid dose for
short-acting opioids, tobacco use, and
SSRI use were strongly associated
with NAS. Similar to previous smaller
studies, we found that dose of
maintenance opioids did not modify
the risk of NAS.82 Furthermore, our
findings provide important
information that builds on previous
studies of OPR use in pregnancy33536
and several publications describing
tobacco and SSRI use in the context of
opioid maintenance.19-12 Both
tobacco and SSRIs have been
described in the literature as having
individual withdrawal syndromes and
unique toxidromes.> Nevertheless,
these exposures could also be
associated with a constellation of
other risk factors that may be difficult
to measure directly (eg, substance
abuse) and account for in our
analyses. Polysubstance exposure is
common among infants with NAS,
raising the possibility that observable
clinical signs (eg, hypertonia) may not
be solely attributable to opioids. In
many instances, clinical signs
compatible with NAS may be due to
multiple withdrawal syndromes and
toxidromes occurring simultaneously.
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State Policies

The association of increasing use of
OPR, overdose deaths, and NAS
garnered the attention of many state
and federal policymakers.37 States
license and regulate prescribers and
pharmacists, and they are financially
responsible for the care received by
~80% of infants with NAS through
Medicaid programs.®-38 Nearly all
states have implemented prescription
drug monitoring programs3? that aim
to reduce diversion and misuse of
OPR by identifying high users and
high-risk behavior (eg, “doctor and
pharmacy shopping”). Tennessee’s
program began in 2006 as an optional
resource for providers and
pharmacists. In 2013, the state
instituted a requirement that the
program must be queried before
prescribing most controlled
substances.*® OQur study found that
~30% of pregnant women in
TennCare were prescribed at least 1
opioid before these policy changes. It
will be important moving forward to
evaluate the impact of new state
policies on reducing opioid use in
pregnancy and the incidence of NAS.

Furthermore, innovative strategies to
enhance prescription drug
monitoring databases by including
risk predictions of adverse outcomes
such as NAS and overdose deaths*!
should be piloted and evaluated.

Variable Risk

The American Academy of Pediatrics
recommends that all opioid-exposed
infants be observed in the hospital for
4 to 7 days after birth.> However, our
data suggest there was a wide
variability in an infant’s risk of drug
withdrawal based on opioid type,
dose, SSRI use, and number of
cigarettes smoked per day by the
mother (Fig 2, Table 3). Future
studies should evaluate new care
models for opioid-exposed infants at
different risk levels of developing
NAS. For instance, some low-risk
infants may be safely discharged from
the hospital sooner, whereas high-risk
infants may require longer hospital
observation.

Limitations

Our study does have several important
limitations to consider; similar to other
studies that rely on accurate coding of
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TABLE 3 Probability of NAS According to Varying Exposures of Short-Acting Opioids and Maintenance Opioids, Tobacco, and SSRI Use

Variable

Short-Acting (eg, Oxycodone Hydrochloride)

10 mg g6h

Maintenance (eg, Buprenorphine Hydrochloride Tablet)

24 mg q24h

Probability (95% Cl)

Probability (95% Cl)

5-wk duration

No cigarette use, SSRI use

5 cigarettes/d, no SSRI

5 cigarettes/d, SSRI

20 cigarettes/d, no SSRI

20 cigarettes/d and SSRI use
25-wk duration

No cigarette use, SSRI use

5 cigarettes/d, no SSRI

5 cigarettes/d, SSRI

20 cigarettes/d, no SSRI

20 cigarettes/d and SSRI use

0.011 (0.008-0.016)
0.023 (0.016-0.034)
0.026 (0.020-0.033)
0.053 (0.039-0.071)
0.037 (0.029-0.047)
0.074 (0.056-0.098)
0.048 (0.028-0.081)
0.095 (0.055-0.158)
0.073 (0.045-0.115)
0.141 (0.088-0.220)
0.104 (0.068-0.156)
0.196 (0.129-0.285)

0.132 (0.085-0.199)
0.241 (0.157-0.351)
0.165 (0.123-0.219)
0.293 (0.217-0.383)
0.179 (0.137-0.231)
0.314 (0.239-0.399)
0.163 (0.103-0.247)
0.289 (0.188-0.416)
0.172 (0.123-0.236)
0.303 (0.218-0.404)
0.216 (0.156-0.291)
0.366 (0.270-0.474)

Results shown after adjustment for maternal age, education, race, infant gender, birth weight, year of birth, interaction drug type and cumulative opioid exposure (0.0002), interaction of
number of cigarettes smoked per day and cumulative opioid exposure (P << .001), and interaction of drug type and number of cigarettes smoked per day.

Probability can be interpreted as 1 = 100% certainty that an event will occur, and 0 = 0% certainty that an event will occur. As an example, a probability of an outcome equal to 0.37 can be
interpreted as among a sample of 100 patients, 37 will have the predicted outcome.

As an example, a woman taking oxycodone hydrochloride 10 mg every 6 hours for 5 weeks with no tobacco or SSRI use had a probability of delivering an infant with NAS of 0.011 (95% Cl:
0.008-0.016). In contrast, a woman prescribed buprenorphine hydrochloride 24 mg daily for 25 weeks smoking 20 cigarettes (ie, 1 pack) per day and taking SSRIs had a 0.366 (95% Cl:
0.270-0.474) probability of delivering an infant with NAS.

hospital administrative and vital
statistics data. Both errors of omission
and commission are possible, leading
to misclassification bias; however, our
medical record review suggested that
potential misclassification of outcomes
was likely to be small. Next, we did not
directly observe women in our cohort
taking the prescribed OPR. It is
possible that OPR medications were
not taken as prescribed, resulting in

a bias toward the null hypothesis. Next,
we were unable to capture other
exposures (eg, illicit drugs) that may
have influenced our primary outcome
(NAS). Opioids obtained by other legal
sources not paid for by TennCare

(ie, cash payments) were not captured
in our sample, which could bias our
results toward the null hypothesis.
Conversion to morphine milligram

equivalents, although the accepted
standard, may not create perfect
comparisons of various OPRs. Finally, it
is possible that opioid prescribing is

a surrogate for other unmeasured risk
factors for NAS; residual confounding
cannot be completely ruled out.

CONCLUSIONS

The use of commonly prescribed,
nonmaintenance OPRs in pregnancy
increased the infant’s risk of developing
NAS. Nearly 27% of our cohort of
pregnant women was prescribed at
least 1 short-acting OPR. Furthermore,
NAS risk varied widely based on
antenatal cumulative opioid exposure,
opioid type, number of cigarettes
smoked per day, and SSRI use. Public
health efforts should focus on limiting

inappropriate OPR and tobacco use in
pregnancy. Prescribing opioids in
pregnancy should be done with caution
because it can lead to significant
complications for the neonate.

ACKNOWLEDGMENTS

The authors acknowledge Michael
Polson, MS, PharmD, Ann Stark, MD,
and Jeff Reese, MD, for their
assistance in preparation of the
manuscript. We are indebted to the
Tennessee Bureau of TennCare of
the Department of Finance and
Administration, which provided
the data. We are also indebted to
the Tennessee Department of
Health, Office of Health

Statistics, for providing vital
records data.

Address correspondence to Stephen W. Patrick, MD, MPH, MS, Monroe Carell Jr Children’s Hospital at Vanderbilt, Mildred Stahiman Division of Neonatology, 11111

Doctor’s Office Tower, 2200 Children’s Way, Nashville, TN 37232-9544. E-mail: stephen.patrick@vanderbilt.edu

PEDIATRIGS (ISSN Numbers: Print, 0031-4005; Online, 1098-4275).

Copyright © 2015 by the American Academy of Pediatrics

FINANCIAL DISCLOSURE: The authors have indicated they have no financial relationships relevant to this article to disclose.

FUNDING: Financially supported by the Tennessee Department of Health (Drs Patrick, Cooper, and Harrell) and the National Institutes of Health through the Clinical
and Translational Science Award KL2TR000446 from the National Center for Advancing Translational Sciences (Dr Patrick), the National Center for Research

Resources/National Institutes of Health (UL1 RR024975-01) Clinical and Translational Science Award (Dr Harrell), and R01AG043471-01A1 from the National Institute
on Aging (Dr Grijalva). Funded by the National Institutes of Health (NIH).

POTENTIAL CONFLICT OF INTEREST: The authors have indicated they have no potential conflicts of interest to disclose.

Downloaded from pediatrics.aappublications.org at Vanderbilt Univ on April 13, 2015

848

PATRICK et al


mailto:stephen.patrick@vanderbilt.edu
http://pediatrics.aappublications.org/

REFERENCES

1.

Centers for Disease Control and
Prevention (CDC). Vital signs:
overdoses of prescription opioid pain
relievers—United States, 1999-2008.
MMWR Morb Mortal Wkly Rep. 2011;
60(43):1487-1492

. Bateman BT, Hernandez-Diaz S, Rathmell

JP, et al. Patterns of opioid utilization in
pregnancy in a large cohort of
commercial insurance beneficiaries in
the United States. Anesthesiology. 2014;
120(5):1216—1224

. Epstein RA, Bobo WV, Martin PR, et al.

Increasing pregnancy-related use of
prescribed opioid analgesics. Ann
Epidemiol. 2013;23(8):498-503

. Finnegan LP, Kron RE, Connaughton JF,

Emich JP. Assessment and treatment of
abstinence in the infant of the drug-
dependent mother. Int J Clin Pharmacol
Biopharm. 1975;12(1-2):19-32

. Hudak ML, Tan RC; Committee on Drugs;

Committee on Fetus and Newborn;
American Academy of Pediatrics.
Neonatal drug withdrawal. Pediatrics.
2012;129(2). Available at: www.pediatrics.
org/cgi/content/full/129/2/e540

. Patrick SW, Schumacher RE,

Benneyworth BD, Krans EE, McAllister
JM, Davis MM. Neonatal abstinence
syndrome and associated health care
expenditures: United States, 2000-2009.
JAMA. 2012;307(18):1934—1940

. Doberczak TM, Kandall SR, Wilets |.

Neonatal opiate abstinence syndrome in
term and preterm infants. J Pediatr.
1991;118(6):933-937

. Cleary BJ, Donnelly J, Strawbridge J,

et al. Methadone dose and neonatal
abstinence syndrome-systematic review
and meta-analysis. Addiction. 2010;
105(12):2071-2084

. Jones HE, Dengler E, Garrison A, et al.

Neonatal outcomes and their
relationship to maternal buprenorphine
dose during pregnancy. Drug Alcohol
Depend. 2014;134:414—417

. Choo RE, Huestis MA, Schroeder JR, Shin

AS, Jones HE. Neonatal abstinence
syndrome in methadone-exposed infants
is altered by level of prenatal tobacco
exposure. Drug Alcohol Depend. 2004;
75(3):253-260

. 0’Connor AB, 0’Brien L, Alto WA. Are there

gender related differences in neonatal

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

abstinence syndrome following exposure
to buprenorphine during pregnancy?
J Perinat Med. 2013;41(5):621-623

Kaltenbach K, Holbrook AM, Coyle MG,
et al. Predicting treatment for neonatal
abstinence syndrome in infants born to
women maintained on opioid agonist
medication. Addiction. 2012;107 (suppl 1):
45-52

Cooper WO, Habel LA, Sox CM, et al. ADHD
drugs and serious cardiovascular events
in children and young adults. N Engl J
Med. 2011;365(20):1896—-1904

Griffin MR, Ray WA, Livengood JR,
Schaffner W. Risk of sudden infant
death syndrome after immunization
with the diphtheria-tetanus-pertussis
vaccine. N Engl J Med. 1988;319(10):
618-623

Cooper WO, Ray WA, Griffin MR. Prenatal
prescription of macrolide antibiotics and
infantile hypertrophic pyloric stenosis.
Obstet Gynecol. 2002;100(1):101-106

Ray WA, Murray KT, Kawai V, et al.
Propoxyphene and the risk of out-of-
hospital death. Pharmacoepidemiol Drug
Saf. 2013;22(4):403-412

Cooper WO, Hernandez-Diaz S, Arbogast
PG, et al. Major congenital
malformations after first-trimester
exposure to AGE inhibitors. N Engl J Med.
2006;354(23):2443-2451

Prescription Drug Monitoring Program
Training and Technical Assistance Center.
Conversion reference table. Available at:
www.pdmpassist.org/pdf/Conversion
Reference Table.xIsx. Accessed May 9, 2014

International Classification of Diseases,
Ninth Revision, Clinical Modification.
Chicago, IL: American Medical
Association; 2012

Cleary BJ, Eogan M, 0'Connell MP, et al.
Methadone and perinatal outcomes:

a prospective cohort study. Addiction.
2012;107(8):1482—1492

Larney S, Randall D, Gibson A,
Degenhardt L. The contributions of viral
hepatitis and alcohol to liver-related
deaths in opioid-dependent people.
Drug Alcohol Depend. 2013;131(3):
252-257

Silberbogen AK, Janke EA, Hebenstreit C.
A closer look at pain and hepatitis C:
preliminary data from a veteran

23.

24.

25.

26.

21.

28.

29.

30.

31.

32.

33.

population. J Rehabil Res Dev. 2007;
44(2):231-244

Koeppe J, Armon C, Lyda K, Nielsen G,
Johnson S. Ongoing pain despite
aggressive opioid pain management
among persons with HIV. Clin J Pain.
2010;26(3):190—198

Dreifuss JA, Griffin ML, Frost K, et al.
Patient characteristics associated with
buprenorphine/naloxone treatment
outcome for prescription opioid
dependence: results from a multisite
study. Drug Alcohol Depend. 2013;
131(1-2):112—-118

Proctor SL, Estroff TW, Empting LD,
Shearer-Williams S, Hoffmann NG.
Prevalence of substance use and
psychiatric disorders in a highly select
chronic pain population. J Addict Med.
2013;7(1):17-24

Merrill JO, Von Korff M, Banta-Green CJ,
et al. Prescribed opioid

difficulties, depression and opioid dose
among chronic opioid therapy patients.
Gen Hosp Psychiatry. 2012;34(6):581-587

Sareen J, Cox BJ, Clara I, Asmundson GJ.
The relationship between anxiety
disorders and physical disorders in the
U.S. National Comorbidity Survey.
Depress Anxiety. 2005;21(4):193-202

Christensen RD, Lambert DK, Baer VL,

Gordon PV. Necrotizing enterocolitis in
term infants. Clin Perinatol. 2013;40(1):
69-78

Harrell FE. Regression Modeling
Strategies: With Applications to Linear
Models, Logistic Regression, and
Survival Analysis. New York, NY:
Springer; 2001

Harrell FE. Hmisc: a package of
miscellaneous R functions. Available at:
http://biostat.mc.vanderbilt.edu/Hmisc.
Accessed August 3, 2014

US Bureau of Labor Statistics. Consumer
price index. Available at: www.bls.gov/
cpi/. Accessed July 15, 2014

R: A Language and Environment for
Statistical Computing [computer
program]. Vienna, Austria: R Foundation
for Statistical Computing; 2013

Fullerton CA, Kim M, Thomas CP, et al.
Medication-assisted treatment with
methadone: assessing the evidence.
Psychiatr Serv. 2014;65(2):146—157

Downloaded from pediatrics.aappublications.org at Vanderbilt Univ on April 13, 2015
PEDIATRICS Volume 135, number 5, May 2015

849


http://www.pediatrics.org/cgi/content/full/129/2/e540
http://www.pediatrics.org/cgi/content/full/129/2/e540
http://www.pdmpassist.org/pdf/ConversionReferenceTable.xlsx
http://www.pdmpassist.org/pdf/ConversionReferenceTable.xlsx
http://biostat.mc.vanderbilt.edu/Hmisc
http://www.bls.gov/cpi/
http://www.bls.gov/cpi/
http://pediatrics.aappublications.org/

34. ACOG Committee on Health Care for

35.

36.

850

Underserved Women; American Society
of Addiction Medicine. ACOG Committee
Opinion No. 524: opioid abuse,
dependence, and addiction in pregnancy.
Obstet Gynecol. 2012;119(5):1070—-1076

Kellogg A, Rose CH, Harms RH, Watson WJ.
Current trends in narcotic use in

pregnancy and neonatal outcomes. Am J
Obstet Gynecol. 2011;204(3):259.e1-259.e4

Desai RJ, Hernandez-Diaz S, Bateman BT,
Huybrechts KF. Increase in prescription
opioid use during pregnancy among
Medicaid-enrolled women. Obstet
Gynecol. 2014;123(5):997—1002

Downloaded from pediatrics.aappublications.org at Vanderbilt Univ on April 13, 2015

37. Office of National Drug Control Policy,
Executive Office of the President of the
United States, The White House.
Epidemic: Responding to America’s 40
Prescription Drug Abuse Crisis.
Washington, DC: The White House; 2011

38. Patrick SW, Kaplan HC, Passarella M,
Davis MM, Lorch SA. Variation in
treatment of neonatal abstinence

at: www.pdmpassist.org/pdf/
PDMPProgramStatus2014.pdf. Accessed
June 18, 2014

. Tennessee Department of Health.
Controlled Substance Monitoring
Database (CSMD) and Prescription
Safety Act. Available at: http://health.
state.tn.us/boards/Controlledsubstance/
fag.shtml

syndrome in US Children's Hospitals, 41. Gwira Baumblatt JA, Wiedeman C, Dunn JR,
2004-2011. J Perinatol. 2014;34(11): Schaffnor W Pauloss L. Jones 15
867872 ’ ' '

High-risk use by patients prescribed
opioids for pain and its role in overdose
deaths. JAMA Intern Med. 2014;174(5):
796-801

39. PDMP Training & Technical Assistance
Center. Status of prescription drug
monitoring programs (PDMPs). Available

THE HIGH COST OF WORKING: My daughter has begun the search for a summer
job orinternship. Lastyear, she was quite fortunate as she found a paid internship in
a city only 5 hours from where we live. The company, a provider of wellness pack-
ages, seemed a great fit given my daughter’s interest in athletics and communication.
That she was actually paid to rotate through the different departments and assist in
a variety of functions made the experience all the more remarkable. One of my sons,
looking for a position overseas, has not been so fortunate.

As he has found out, and as reported in The New York Times (Education Life:
February 5, 2015), few paid overseas internships exist. Students either volunteer or
pay someone else for the opportunity to do an internship. The demand for overseas
positions is high. During the 2012-13 year, approximately 40,000 Americans
participated in for-creditinternships or interned, worked, or volunteered abroad for
no credit. Given the demand for positions, companies have sprung up to arrange for
internships in a wide array of industries across the globe. While the experiences can
be quite gratifying and many students report that the experience helped them find
ajob back home in the US, the costs of obtaining the internship can be high. Students
may have to pay between $8,000 and $15,000 for a six to eight week experience. The
costofthe flight and food are additional. While I am supportive of overseas learning
experiences, I am having a bit of trouble digesting the concept of paying so much
money for the opportunity. I am hoping that my children find summer internships
close to home.

Noted by WVR, MD
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Supplemental Information

APPENDIX A: MEDICAL RECORD
VALIDATION OF EXPOSURE AND
OUTCOME DEFINITIONS

To assess the sensitivity and specificity
of our measurement of maternal opioid
exposure and claims-based diagnoses
of NAS, we randomly selected 168
mother—infant pairs in which the moth-
er filled at least a 30-day supply of pre-
scription opioids during the second or
third trimesters of pregnancy and de-
livered at 1 of 3 hospitals selected from
each region of the state between 2008
and 2011. For these mothers and in-
fants, computerized data were aug-
mented with medical record review to
assess the sensitivity and specificity of
prescription opioid use and a claims-
based diagnosis of NAS. Records were
retrieved for 165 (98%) of the 168
infants; we recorded maternal histo-
ries of opioid use, maternal and infant
drug screen results, the age at onset of
symptoms, and diagnosis or treatment
of NAS. Prescription opioid use was con-
firmed according to results of maternal/
infant history or drug screening in 86.1%

PEDIATRICS Volume 135, Number 5, May 2015

of the medical records reviewed. Using
a standardized definition of NAS as ref-
erence, the sensitivity and specificity of
having a diagnosis of NAS in the claims
were 87.8% (95% Cl: 82.0-92.0) and
97.4% (95% Cl: 93.9-99.1), respectively.

From the 3 hospitals, we reviewed an
additional 63 medical records for infants
with specific exposure patterns to esti-
mate misclassification associated with
the study definitions: 11 infants with
aclaims diagnosis of NAS whose mothers
filled no prescriptions for opioids and 52
randomly sampled infants from those
with no evidence of NAS and whose
mothers filled no prescriptions for
opioids. Among the 11 infants with
a claims diagnosis of NAS and no filled
opioid prescriptions, 1 infant had con-

ARTICLE

exposure to nonopioid substances (eg,
marijuana, cocaine) based on results of
maternal or infant drug screens. Two did
not have NAS and had no documented
evidence of maternal opioid use. Among
the 52 with no NAS and no claims for
opioids, none had evidence of NAS or
opioid use noted in the medical record.
The sensitivity and specificity of an NAS
diagnosis in the claims for nonexposed
infants (n = 63) were comparable to
opioid-exposed infants: 90.0% (95% Cl:
80.7-95.6) and 96.5% (95% Cl: 89.1-99.1),
respectively. Combining data for exposed

and unexposed infants (n = 228), we q:1

found the following:

NAS Gonfirmed in Medical Record Review

firmed NAS and a meconium drug screen Yes No
positive for multiple opioids. Eight infants Yes 52 5
had confirmed NAS and documented  NO 7 164
NAS in Administrative Record

Sensitivity 88.1% (95% Cl: 83.3-91.7) PPV 91.2% (95% Cl: 86.8-94.2)
Specificity 97.0% (95% Cl: 93.8-98.5) NPV 95.9% (95% Cl: 92.7-97.9)
NPV, negative predictive value; PPV, positive predictive value.

SI



APPENDIX B: ADDITIONAL DESCRIPTIVE DATA

SUPPLEMENTAL TABLE 4 Cases of NAS According to Opioid Type

Drug Type No NAS NAS Percentage
No prescribed opioid 80422 385 0.48
Short-acting opioid 29 767 425 1.41
Long-acting opioid 151 26 14.69
Maintenance opioid 603 250 29.31
Total 110943 1086 0.97

SUPPLEMENTALTABLE 5 Cases of NAS According to Opioid Type, Restricted to Women Who Filled

Prescriptions in the Last 30 Days of Pregnancy

Drug Type No NAS NAS Percentage
Short-acting opioid 8268 174 2.06
Long-acting opioid 100 22 18.03
Maintenance opioid 467 215 31.52
Total 8835 411 445

SUPPLEMENTAL TABLE 6 Cases of NAS According to Opioid Type, Restricted to Women Who Filled

a >7-Day Supply

Drug Type No NAS NAS Percentage
Short-acting opioid 12 151 283 2.28
Long-acting opioid 150 26 14.77
Maintenance opioid 595 245 29.17
Total 12 896 554 412

SUPPLEMENTAL TABLE 7 Probability of NAS According to Varying Exposures of Short-Acting Opioids and Maintenance Opioids, Tobacco Use, and SSRI

Use, Limited to Opioid Exposure Gontinued Through 30 Days of Birth

Variable Short Acting (eg, Oxycodone Hydrochloride)

10 mg g6h

Maintenance (eg, Buprenorphine Hydrochloride Tablet)

24 mg q24h

Probability (95% ClI)

Probability (95% CI)

5-wk duration

No cigarette use, SSRI use

5 cigarettes/d, no SSRI

5 cigarettes/d, SSRI

20 cigarettes/d, no SSRI

20 cigarettes/d and SSRI use
25-wk duration

No cigarette use, SSRI use

5 cigarettes/d, no SSRI

5 cigarettes/d, day SSRI

20 cigarettes/d, no SSRI

20 cigarettes/d and SSRI use

0.013 (0.011-0.017)
0.024 (0.016-0.035)
0.016 (0.013-0.020)
0.030 (0.021-0.043)
0.031 (0.024-0.040)
0.057 (0.038-0.084)
0.071 (0.043-0.117)
0.129 (0.073-0.228)
0.087 (0.054-0.141)
0.159 (0.092-0.276)
0.164 (0.100-0.270)
0.298 (0.170-0.524)

0.206 (0.144-0.295)
0.375 (0.233-0.605)
0.227 (0.169-0.305)
0.414 (0.269-0.637)
0.305 (0.218-0.427)
0.555 (0.349-0.882)
0.217 (0.147-0.320)
0.395 (0.239-0.654)
0.236 (0.175-0.318)
0.430 (0.279-0.665)
0.306 (0.213-0.438)
0.556 (0.349-0.886)

Results shown after adjustment for maternal age, education, race, infant gender, birth weight, year of birth, interaction of drug type and cumulative opioid exposure, interaction of number of
cigarettes smoked per day and cumulative opioid exposure, and interaction of drug type and number of cigarettes smoked per day.

Analysis assumes linear relationships; multiple imputation used to account for missing data on number of cigarettes smoked per day.

Probability can be interpreted as 1 = 100% certainty than an event will occur, and 0 = 0% certainty that an event will occur. As an example, a probability of an outcome equal to 0.37 can be
interpreted as among a sample of 100 patients, 37 will have the predicted outcome.
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SUPPLEMENTAL TABLE 8 Probability of NAS According to Varying Exposures of Short-Acting Opioids and Maintenance Opioids, and Tobacco and SSRI
Use, Limited to Opioid Exposure Continued Through 14 Days of Birth

Variable Short Acting (eg, Oxycodone Hydrochloride) Maintenance (eg, Buprenorphine Hydrochloride Tablet)

10 mg g6h

24 mg q24h

Probability (95% CI)

Probability (95% CI)

5-wk duration 0.014 (0.011-0.018) 0.120 (0.045-0.317)
No cigarette use, SSRI use 0.026 (0.017-0.039) 0.221 (0.079-0.623)
5 cigarettes/d, no SSRI 0.017 (0.013-0.022) 0.102 (0.048-0.217)
5 cigarettes/d, SSRI 0.032 (0.021-0.048) 0.189 (0.083-0.432)
20 cigarettes/d, no SSRI 0.032 (0.024-0.043) 0.064 (0.014-0.294)
20 cigarettes/d and SSRI use 0.059 (0.038-0.092) 0.118 (0.025-0.564)
25-wk duration 0.066 (0.038-0.115) 0.326 (0.114-0.930)
No cigarette use, SSRI use 0.122 (0.065-0.229) 0.603* (0.198—1.838)
5 cigarettes/d, no SSRI 0.081 (0.048—0.138) 0.281 (0.121-0.652)
5 cigarettes/d, SSRI 0.151 (0.082-0.276) 0.520* (0.207—1.304)
20 cigarettes/d, no SSRI 0.153 (0.088—-0.265) 0.180 (0.035-0.913)
20 cigarettes/d and SSRI use 0.283 (0.152-0.528) 0.332* (0.063—1.751)

Results shown after adjustment for maternal age, education, race, infant gender, birth weight, year of birth, interaction of drug type and cumulative opioid exposure, interaction of number of
cigarettes smoked per day and cumulative opioid exposure, and interaction of drug type and number of cigarettes smoked per day.

Analysis assumes linear relationships; multiple imputation used to account for missing data on number of cigarettes smoked per day.

Probability can be interpreted as 1 = 100% certainty than an event will occur, and 0 = 0% certainty that an event will occur. As an example, a probability of an outcome equal to 0.37 can be
interpreted as among a sample of 100 patients, 37 will have the predicted outcome.

*p> 05.
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Vanderbilt study finds babies exposed to narcotic
pain relievers more likely to experience drug
withdrawal syndrome

by Christina Echegaray | Monday, Apr. 13, 2015, 1:12 PM

(iStock)
Neonatal abstinence syndrome (NAS), a drug withdrawal syndrome in infants following birth, has

historically been associated with illicit drug use among pregnant women.

But a study by a team at Vanderbilt University Medical Center shows that pregnant women are commonly
being prescribed opioids — narcotic pain relievers such as hydrocodone — which results in an increased
likelihood of NAS. In addition, the study found that opioid type and duration of exposure combined with
tobacco use or selective serotonin reuptake inhibitor use (for treating depression and anxiety) augmented
risks for NAS.

The study, “Prescription Opioid Epidemic and Infant Outcomes,” looked at three years of data from
TennCare, Tennessee’s Medicaid program, and assessed records for 112,029 pregnant mothers. An
estimated 28 percent of the women, or 31,354, were prescribed and filled at least one opioid pain reliever.
Of the babies with NAS, 65 percent had mothers that legally filled prescriptions for opioid pain relievers.
Results were published today/April 13 in the journalPediatrics.

“We found that babies exposed to opioids pain relievers were more likely to be born preterm, have
complicated births, low birth weight and have complications such as meconium aspiration syndrome (a
sign of infant distress at birth) and respiratory distress,” said lead author Stephen Patrick, M.D., MPH,
assistant professor of Pediatrics and Health Policy in the Division of Neonatology with the Monroe Carell

Jr. Children’s Hospital at Vanderbilt.

“Not all babies exposed to opioids have drug withdrawal after birth for reasons that aren’t entirely clear.

Our study found that several things increased an infant’s risk, including the duration of opioid use, the type



of prescription opioid, how many cigarettes a woman smoked and if they used a common antidepressant

medicine called selective serotonin reuptake inhibitors.”

The study shows that compared to women with no opioid exposure, the pregnant women who took opioid
pain relievers were more likely to be white, have anxiety or depression, suffer from headache or migraine
and have musculoskeletal disease. A majority of the women prescribed opioids, 96 percent, were
prescribed short-acting medications, while 2 percent received maintenance doses and less than 1 percent

received long-acting opioids.

“Historically, drug withdrawal for newborns has been described among illicit drug use such as heroin or
women treated for previous opioid abuse, but this is really one of the first studies to look at legal

prescriptions for pregnant women. And it draws attention to what is going on in our nation,” Patrick said.

Nationwide, the amount of prescriptions for opioid drug use has quadrupled. In 2012, an estimated 259
million prescriptions were written for opioid pain relievers in the United States. That's enough for one

prescription for every adult in the U.S., Patrick said.

The financial impact is substantial. As a population, every $1 spent on short-acting opioid pain relievers
was associated with $50 spent caring for infants with drug withdrawal. National health care expenditures
for treating babies with NAS are estimated to be about $720 million a year, according to previous work

done by the same researchers.

Tennessee began taking action against overprescribing and doctor shopping for opioids in 2006 when it
created a prescription monitoring database, though it was an optional resource for providers and
pharmacists. The state strengthened laws in 2013, mandating that providers and pharmacists use the

system. Currently 49 states have similar drug monitoring programs. Missouri is the only state without one.

“All in all we hope the study garners the attention of state and federal policy makers to highlight that the

prescription opioid epidemic is having a tangible impact on both mothers and infants,” Patrick said.

Funding for the study was provided by the Tennessee State Department of Health as well as the National
Institutes of Health (NIH), grant Nos. KL2TR000446, UL1 RR024975-01, and RO1AG04347-01A1.

Contact:
Christina Echegaray, (615) 322-4747

christina.echegaray@vanderbilt.edu
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VANDERBILT UNIVERSITY
School of Medicine
Departments of Pediatrics and Health Policy

Study Summary
Prescription Opioid Epidemic and Infant Outcomes

Background:

« Neonatal abstinence syndrome (NAS) is a postnatal opioid (e.g. vicodin, oxycodone)
withdrawal syndrome experienced by newborns.

e Over the last decade, NAS grew 3-fold across the US, with 80% of infants with the syndrome
enrolled in Medicaid programs.

e Opioid prescribing grew substantially across the US; however, limited data exist directly linking
the rise in opioid prescriptions with neonatal abstinence syndrome.

« Not every opioid-exposed infant develops NAS; risk factors for developing the syndrome are
not well understood.

Objective:

This research used data from Tennessee Medicaid from 2009 to 2011 to evaluate the relationship of
opioid prescribing in pregnancy with adverse outcomes like NAS and to investigate factors associated
with developing the syndrome.

Findings:
Among 112,029 pregnant women and their infants enrolled in Tennessee Medicaid we found:

e 28% filled at least one prescription for an opioid medication - the vast majority (96%) were
short-acting preparations.

e Opioid-exposed infants and infants with NAS were more likely to be born preterm and low
birthweight and have significant clinical complications (e.g. seizure, meconium aspiration
syndrome).

e A strong relationship emerged between: 1) cumulative opioid exposure, 2) opioid type, 3)
number of cigarettes smoked and 4) selective serotonin reuptake inhibitor use in pregnancy
with the development of NAS.

« From a population perspective, every $1 spend on short-acting opioids in pregnancy was
associated with $50 in hospital charges for NAS.

Implications:
e New prescribing guidelines should ensure that opioid prescribing in pregnancy is necessary
and appropriate.
e Limiting unnecessary short-acting opioid prescribing in pregnancy will likely lead to improved
clinical outcomes for mothers and their infants as well as cost savings for the health system.

Patrick SW, Dudley J, Martin PR, Harrell FE, Warren MD, Hartmann KE, Ely EW, Grijalva GC, Cooper WO. Prescription
Opioid Epidemic and Infant Outcomes. Pediatrics. Prescription Opioid Epidemic and Infant Outcomes. Pediatrics. 2015
May;135(5):842-850. doi: 10.1542/peds.2014-3299. Epub 2015 April 13.

Stephen W. Patrick, MD, MPH, MS
11111 Doctors’ Office Tower, 2200 Children’s Way, Nashville, TN 37232-9003
P:615.322-3476 F: 615.343-1763
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