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Abstract.

PURPOSE: This study aimed to describe opioid prescription patterns for children with vs. without cerebral palsy (CP).
METHODS: This cohort study used commercial claims from 01/01/2015-12/31/2016 and included children aged 2-18
years old with and without CP. Opioid prescription patterns (proportion exposed, number of days supplied) were described. A
zero-inflated generalized linear model compared the proportion exposed to opioids in the follow-up year (2016) and, among
those exposed, the number of days supplied opioids between cohorts before and after adjusting for age, gender, race, U.S.
region of residence, and the number of co-occurring neurological/neurodevelopmental disabilities (NDDs).

RESULTS: A higher proportion of children with (n =1,966) vs. without (n =1,219,399) CP were exposed to opioids (12.1%
vs. 5.3%), even among the youngest age group (2—4 years: 9.6% vs. 1.8%), and had a greater number of days supplied (median
[interquartile range], 8 [5—13] vs. 6 [4-9] days; P <0.05). Comparing children with opioid exposure with vs. without CP, a
greater number of days supplied was identified for older age, Asian race/ethnicity, and without co-occurring NDDs, and a
lower number of days supplied was observed for Black race/ethnicity and with >1 co-occurring NDDs.

CONCLUSION: Children with CP are more likely to be exposed to opioids and have a higher number of days supplied.
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1. Introduction

Acute and chronic pain are common symptoms
among children with cerebral palsy (CP) that can
negatively impact development and quality of life
[1-3]. There are multiple pain generators for chil-
dren with CP, such as musculoskeletal deformities,
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surgeries to correct these deformities, and spastic-
ity [2, 3]. Opioids are one pharmacological approach
that can be used to manage pain, but there is thera-
peutic uncertainty and a lack of established treatment
protocols for children [4, 5]. Moreover, opioids may
be less effective for managing chronic vs. acute pain
[6] and therefore may be an inappropriate choice of
therapy for the ~1 in 3 children with CP who expe-
rience chronic pain [2]. While children with CP may
have a greater risk of opioid exposure [7], little is
known about opioid prescription patterns and associ-
ated risks among this population.
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The risk-benefit ratio of opioid therapy is not well
studied among children. Studies in adults have found
an association between opioid therapy for chronic
pain management with overdose, addiction, sub-
stance abuse, and adverse events, including fracture
and myocardial infarction [8—10]. Bone fragility and
cardiovascular diseases are well-established health
issues for individuals with CP [11, 12]. Children with
CP may therefore be particularly susceptible to skele-
tal and cardiovascular side effects of opioids.

Respiratory depression is another serious side
effect of opioids that should be considered in the risk-
benefit balance for children with CP. Opioids activate
receptors predominately in the brain stem that regu-
late breathing rhythm and control. Opioid-induced
respiratory depression and irregular breathing can
result in low oxygen levels and increased arterial
hypercapnia [13], which can lead to serious conse-
quences if left untreated (e.g., brain damage, death)
[14]. Children with CP may be vulnerable to neural-
derived respiratory complications associated with
opioid therapy owing in part to their altered cen-
tral nervous system anatomy and physiology, brain
stem depression independent of opioid therapy, and
high risk of respiratory morbidity and mortality [15,
16]. Opioid therapy may further complicate neurolog-
ical regulation of an already compromised respiratory
system for some children with CP.

A better understanding of opioid prescription pat-
terns among children with CP is needed. Such
information may reveal the extent of opioid exposure
at the population level, providing novel information
for surveillance efforts. This information may also
inform clinical practice in managing adults with CP,
as knowledge of prior opioid exposure during growth
may alter clinical decision-making for assessment,
monitoring, treatment, and prevention. Finally, this
information may lead to future research, such as
identifying factors explaining differences in opioid
exposure patterns between children with and without
CP. Therefore, the primary objective was to describe
opioid prescription patterns among a large, nation-
wide sample of children with CP as compared to
children without CP.

2. Methods
2.1. Design and database

This retrospective cohort study used patient-level
claims from 01/01/2015-12/31/2016 from Optum’s

de-identified Clinformatics® Data Mart Database.
This time period was selected as it predates major
state-level policy changes in opioid prescribing
to minors, whereby states implemented different
policies at various times after 2016 thus creating
state-level heterogeneity in opioid prescriptions that
could impact national-level estimates [17]. Thus,
findings can be interpreted as a “baseline” of opi-
oid prescription patterns prior to policy changes. This
administrative claims database contains medical and
outpatient pharmacy claims and has representation
across the U.S. For research purposes, outpatient
pharmacy prescriptions and medical conditions are
identified by unique codes or medications attached
to patient-level claims. A list of codes used to iden-
tify medical conditions in this study is presented in
Table 1. All data are de-identified and patient consent
was not required. The University Institutional Review
Board approved this study as non-regulated.

2.2. Sample selection

Children with and without CP, 2-18 years of
age by 01/01/2016 (index date), and with con-
tinuous enrollment in a commercial health plan
from 01/01/2015-12/31/2016 (two-year period) were
included for analysis (flow chart presented in Fig. 1).
The year 2015 was considered the baseline period
and the year 2016 was considered the follow-up
period. Children with CP were identified by >2
claims (any position), where each claim was on a sep-
arate day within 12 months of one another, containing
a pertinent International Classification of Diseases,
Ninth/Tenth Revision, Clinical Modification (ICD)
code for CP at any point during the two-year period.
Children without CP were included if they had zero
claims for CP and >1 healthcare encounter during
the two-year period.

2.3. Opioids

Opioids were analyzed as a single indictor and
included >1 prescription for a product containing
codeine, tramadol, oxycodone, hydrocodone, hydro-
morphone, oxymorphone, buprenorphine, morphine,
methadone, or fentanyl. Binary variables (yes/no)
were created to indicate >1 opioid prescription in the
one-year baseline and follow-up periods. The total
days supplied (from one or multiple prescriptions)
for the one-year baseline and follow-up periods were
summed.
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International Classification of Diseases, Ninth (ICD-9) and Tenth (ICD-10) Revision, Clinical Modification and Healthcare Common
Procedure Coding System (HCPCS) codes to identify variables for this study

ICD-9 codes ICD-10 codes HCPCS codes
Cerebral palsy 333.71, 343.0-343 .4, G80.x

343.8, 343.9
Epilepsy 345.x G40.x
Intellectual disabilities 317.x-319.x F70.x-F73.x, F78.x, F79.x

Autism spectrum disorders 299.00, 299.01, 299.10,

F84.0, F84.3, F84.5, F84.8,

299.11, 299.80, 299.81, F84.9
299.90, 299.91
Wheelchair (and accessories) V46.3 799.3 E095.x-E099.x, E10.x-E12.x,
E22.x, E23.x, E26.x,
K000.x-K01.x, K0813-K0899
Walker, gait trainer, or cane E010.x-E015.9, E800.x
Starting sample, 2-18 years
old by January 1, 2016 Exclusion reason
N=1,862,763
_________ N Missing data on demographic
J variables (n=8,809)
N=1,853,954
:I <12 months of continuous health
_________ > plan enrollment for baseline
¥ (n=374,599) or follow-up
N = 1,256,409 (n=222,946)
_________ N 0 healthcare encounters during
3 2-year study period
N=1,221,761
______ >1 claim for CP, but does not
meet definition for CP* (n=396)
0 claims for CP 2 claims for CP

N=1,219,399

N=1,966

Fig. 1. Flow chart of inclusion/exclusion criteria to obtain the analytic samples of children with and without cerebral palsy (CP). *CP was
identified by >2 claims, where each claim was on a separate day within 12 months of one another, containing a pertinent code for CP at any

point during the two-year period.

2.4. Characteristics

Gender, race, and U.S. region of residence were
determined from the baseline period data. Age by
01/01/2016 was examined as continuous and by
the following age groups: 2-4 years, 5-8 years,
9-13 years, and 14-18 years. Claims did not pro-
vide information about pubertal status. Therefore, the
age categories reflected general, non-gender-specific
developmental stages. A binary variable was cre-
ated to indicate the presence of an assistive mobility
device as a proxy for ambulatory ability, including

wheelchair, cane, walker, or gait trainer. Type of
CP was described based on available ICD codes.
Co-occurring neurological/neurodevelopmental dis-
abilities (NDDs) are relatively common in CP and can
increase medical complexity. The NDDs examined in
this study were epilepsy, intellectual disabilities, and
autism spectrum disorders, which were identified in
the same manner as CP. To provide a sense of the
medication complexity, the total number of unique
non-opioid chronic and “as needed” medications
were summed from the one-year baseline period,;
“as needed” medications for the common cold, flu,
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allergies, and immediate pre/post-operative use for
diarrhea/nausea were excluded. The list included
>300 medications, which were selected based on the
available prescriptions in the database as led by the
team’s pharmacist, as previously described [18]. All-
cause healthcare resource use was assessed as the
total count for any medical service [19].

2.5. Statistical analysis

Baseline characteristics were described for chil-
dren with and without CP. Opioid exposure was
described for the full cohort and then by age group
as percent (n) and, among those with opioid expo-
sure, median (interquartile range) days supplied with
opioids for the baseline and follow-up periods. This
was repeated for the follow-up period after excluding
those with baseline opioid exposure to estimate new
exposures in the study period. Differences between
cohorts were tested using the independent t-test or
Mann-Whitney U test for continuous data based on
distribution, the Chi-squared test for binary data, and
the Cochran-Armitage trend test for ordinal categor-
ical variables.

To compare opioid exposure between children with
and without CP, unadjusted and adjusted generalized
linear models with zero-inflated Poisson distribution
were developed. This two-part model is useful for
dealing with overdispersion common to medication
use data [20]; it also provides information about the
proportion exposed to opioids as well as the as the
number of days supplied with opioids conditional on
opioid exposure. The first part modeled the prob-
ability of zero values and the effect estimate was
presented as the odds ratio (OR, with 95% confidence
intervals [CIs]) of having a zero vs. non-zero value.
An OR < 1.00 indicated the cohort was less likely to
have a zero value, i.e., more likely to have exposure to
opioids (opposite of how logistic regression models
are typically interpreted in biomedical research). The
second part modeled the days supplied as count data
conditional on non-zero values (i.e., conditional on
opioid exposure). The effect estimate was presented
as the incidence rate ratio (IRR, with 95% CI) and
interpreted as expected rates of days supplied with
opioids. The following covariates were used to adjust
for confounding: age group, gender, race, U.S. region
of residence, and number of co-occurring NDDs (0,
1, or >2). As this study did not include a group
without prior opioid exposure or model for time to
new opioid exposure, the model can be interpreted
as a cross-sectional analysis. It was postulated that

the number of non-opioid medications and health-
care utilization may have been mediators or colliders
on the path between CP status and opioid exposure,
and therefore the analysis did not adjust for these
variables. For example, the exposure (CP) and out-
come (opioid prescription) may each “cause” higher
healthcare utilization. Possible moderating effects of
age group, gender, race, U.S. region of residence,
and number of co-occurring NDDs were examined in
the fully adjusted model, analyzing each moderator
separately.

Analyses were performed using SAS version 9.4
(SAS Institute, Cary, NC, USA), and P < 0.05 (two-
tailed) was considered statistically significant.

3. Results

Of the 1,221,365 children 2-18 years of age,
1,966 met the definition of CP for this study with
a prevalence of 1.61 per 1,000. Baseline descriptive
characteristics for children with and without CP are
presented in Table 2. Children with CP had the same
mean (standard deviation; SD) age of 10.5 (4.8) years
and similar proportions across age groups as those
without CP, but there was a higher proportion of
males, users of assistive mobility device, and each
NDD. Children with CP also had a higher number
of co-occurring NDDs, unique non-opioid medica-
tions, and all-cause healthcare resource use than those
without CP.

During the baseline year, 12.1% and 4.8% of chil-
dren with and without CP, respectively, were exposed
to opioids, which was similar in the follow-up year
(Table 3). Among children exposed to opioids, chil-
dren with CP had a higher number of days supplied for
the baseline and follow-up periods. The proportion
exposed to opioids increased with older age groups
for children with and without CP. While the rela-
tive difference between children with and without CP
decreased with the older age groups, a higher pro-
portion of those with CP were exposed to opioids
across all age groups. Notably, children with CP in
the youngest age group, 2—4 years old, had arelatively
high proportion of exposure to opioids (8.6% in the
baseline year, 9.6% in the follow-up year) as com-
pared to children without CP (1.7% in the baseline
year, 1.8% in the follow-up year; Table 3). The distri-
bution of days supplied among children with opioid
exposure for the follow-up year is displayed in Fig. 2.

Children with CP had a significantly lower OR
of zero-values in the unadjusted and adjusted zero-
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Table 2
Baseline descriptive characteristics of children with cerebral palsy (CP) and without (w/o0) CP
CP w/o CP P-value
(n=1,966) (n=1,219,399)

Age, mean (SD) 10.5 (4.8) 10.5 (4.8) 0.975
2-4 years, % (n) 20.2 (397) 20.0 (244,168)

5-8 years, % (n) 16.3 (320) 16.7 (203,361)
9-13 years, % (n) 31.3(616) 30.7 (374,749)
14-18 years, % (n) 32.2 (633) 32.6 (397,121)

Gender, % (n) <0.001
Female 42.6 (838) 49.0 (597,612)

Male 57.4 (1,128) 51.0 (621,787)

Race, % (n) <0.001

Asian 3.6 (71) 5.4 (65,859)
Black 6.8 (134) 6.7 (81,801)
Hispanic 10.0 (197) 11.7 (142,754)
White 68.4 (1,345) 66.2 (806,649)

Other/unknown 11.1 (219) 10.0 (122,336)

U.S. region of residence, % (n) 0.016
West 20.4 (401) 22.2 (270,784)

Midwest 31.4 (618) 28.5 (347,023)
South 38.0 (746) 39.4 (480,811)
Northeast 10.2 (201) 9.9 (120,781)

Use of assistive mobility device, % (n) 23.3 (457) 0.1 (1,245) <0.001
Wheelchair 22.0 (432) 0.1 (1,081) <0.001
Walker, gait trainer, cane 3.5 (68) <0.1(299) <0.001

Type of CP, % (n)

Spastic, quadriplegic 24.5 (482) -
Spastic, diplegic 25.4 (499) -
Spastic, hemiplegic 21.9 (431) -
Athetoid 2.4 (48) -
Other/unknown 25.7 (506) -

Co-occurring neurological/neurodevelopmental disabilities?, % (n) <0.001

0 55.2 (1,086) 98.4 (1,199,223)

1 33.3 (655) 1.6 (18,876)

2 10.2 (201) 0.1 (1,187)

3 1.2 (24) <0.1(113)

Epilepsy 34.3 (675) 0.5 (5,756) <0.001

Intellectual disabilities 11.0 (216) 0.2 (2,209) <0.001

Autism spectrum disorders 12.1 (238) 1.1 (13,624) <0.001
Median (IQR) of non-opioid medications 1(0-3) 0 (0-0) <0.001
All-cause healthcare resource use, median (IQR) annual count per person 37 (15-75) 6 (3-11) <0.001

SD, standard deviation; IQR, interquartile range. * The neurological/neurodevelopmental disabilities include epilepsy, intellectual disabilities,

and autism spectrum disorders.

inflation model, indicating a higher proportion were
exposed to opioids (Table 4). Among those exposed
to opioids, children with CP had a higher number
of days supplied with opioids in the unadjusted and
adjusted count model than those without CP. There
was evidence of moderation by age group for both
the zero-inflated and count models (P for interaction,
both <0.001), race for the count model (P for interac-
tion, 0.008), and number of NDDs for the count model
(P for interaction, <0.001). The results of the strati-
fied adjusted analyses are also presented in Table 4.
The proportion of 14—18 year olds exposed to opioids
was less disparate compared to younger age groups
but still higher for children with CP than without

(zero-inflated model). Further, 14—18 year olds with
CP had a 23% higher adjusted number of days sup-
plied (count model) than those without CP. Asian
children with CP had a 43% higher adjusted number
of days supplied, while Black children with CP had a
33% lower adjusted number of days supplied (count
model) than those without CP. Among children with
no NDDs, those with CP had a higher adjusted num-
ber of days supplied than those without CP (count
model). This association was reversed when compar-
ing children with and without CP with one or >2
NDDs, such that children with CP with >1 NDD had
a lower adjusted number of days supplied compared
to children without CP with >1 NDD (count model).
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Table 3
Proportion of children with cerebral palsy (CP, n =1,966) and without (w/0) CP (n=1,219,399) exposed to opioids per study year and the
number of days supplied

Proportion exposed to opioids Days supplied with opioids?
CP w/o CP CP w/o CP
Full cohorts % (n) % (n) Median (IQR) Median (IQR)
Baseline year 12.1 (237)° 4.8 (58,526) 7 (5-13)° 6 (4-9)
Follow-up year 12.1 (238)° 5.3 (65,097) 8 (5-13)° 6 (4-9)
Follow-up year without baseline exposure 9.8 (169)° 4.8 (55,272) 7 (5-11)° 6 (4-8)
By age group
Baseline year
2-4 years 8.6 (34)° 1.7 (4,248) 9 (6-19) 7(5-11)
5-8 years 9.1 29)° 2.8 (5,640) 6 (5-11)° 7(5-11)
9-13 years 10.1 (62)° 3.4 (12,575) 7 (5-13) 6 (4-10)
14-18 years 17.7 (112)° 9.1 (36,063) 8 (5-14)° 6 (4-8)
Follow-up year
2-4 years 9.6 38)° 1.8 (4,329) 10 (6-14) 7 (5-11)
5-8 years 9.7 31)° 2.5(5,120) 8 (6-11) 7 (5-11)
9-13 years 11.0 (68)° 3.3 (12,200) 7 (4-12) 6 (4-9)
14-18 years 16.0 (101)® 10.0 (43,448) 8 (4-14)° 5 (4-8)
Follow-up year without baseline exposure
24 years 6.9 (25)° 1.6 (3,900) 7 (6-11) 7 (5-11)
5-8 years 9.3 (27)° 2.3 (4,548) 8 (6-11) 7 (5-11)
9-13 years 9.8 (54)° 3.0 (10,674) 8 (5-12)¢ 6 (4-9)
14-18 years 12.1 (63) 10.0 (36,150) 7 (4-11)° 54-7)

2 Among children exposed to opioids. P <0.01 for CP compared to w/o CP. P <0.05 for CP compared to w/o CP.

% of children supplied with opioids by total % of children without CP supplied with opioids
days supplied in 2016 by total days supplied in 2016
20 20 ;
16 16
@ Without CP :g
2121 = With CP a1
5 8 ol
® ¥
4 4
E el = - 0+ 1 L eI, - -
1 4 7 1013 16 19 22 25 28 31 34 37 40 43 46 49 52 55 58 61 64 67 1 4 7 1013 16 19 22 25 28 31 34 37 40 43 46 49 52 55 58 61 64 67
Days supplied in 2016 Days supplied in 2016

% of children with CP supplied with opioids by
total days supplied in 2016

% of children
w B & 8

-

o

1 4 7 1013 16 19 22 25 28 31 34 37 40 43 46 49 52 55 58 61 64 67
Days supplied in 2016

Fig. 2. Distribution of days supplied with opioids among children without cerebral palsy (CP, A) and with CP (B) with exposure to opioids
in the follow-up year, 2016. The data are presented for each day, while the x-axis shows every three days to avoid overcrowding the text.
The number of days is capped at 67 as this was the highest number of days for children with CP, which is the primary cohort of interest.

For children without CP (A), 0.20% were prescribed 68 days or more of opioids, but this is difficult to visualize in the graph given the small
proportion.
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Results for the main effect (full cohort) and effect modification (interactions) of zero-inflated Poisson model for opioid exposure
(zero-inflation model) and days exposed to opioids (count model) in the follow-up year comparing children with cerebral palsy (CP,
n=1,966) to children without (w/0) CP (n=1,219,399)

Zero-inflated model

Unadjusted
OR (95% CI)

Adjusted
OR (95% CI)

Count model

Unadjusted
IRR (95% CI)

Adjusted
IRR (95% CI)

Full cohort
CP vs. w/o CP
Interactions
Age group
CP vs. w/o CP
2-4 years
5-8 years
9-13 years
14-18 years

0.41 (0.36, 0.47)

0.41 (0.35, 0.47)

0.22 (0.15, 0.31)
0.28 (0.19, 0.41)
0.32 (0.25, 0.42)
0.61 (0.49, 0.76)

1.31(1.26, 1.37)

1.08 (1.03, 1.12)

1.06 (0.95, 1.18)
1.12 (1.00, 1.26)
0.92 (0.85, 1.00)
1.23 (1.15, 1.31)

Race
CP vs. w/o CP
Asian -
Black -
Hispanic -
White -
Other/unknown -
Number of NDDs
CP vs. w/o CP
0 _
1 _
>2 -

- 1.43 (1.09, 1.88)
- 0.67 (0.57, 0.79)
- 1.09 (0.94, 1.25)
- 1.08 (1.03, 1.14)
- 1.33 (1.18, 1.50)

- 1.36 (1.29, 1.44)
- 0.91 (0.85, 0.98)
- 0.68 (0.60, 0.77)

OR, odds ratio; CI, confidence interval; IRR, incidence rate ratio; NDDs, neurological/neurodevelopmental disabilities including epilepsy,
intellectual disabilities, and autism spectrum disorders. The covariates in the adjusted model include age group, gender, race, U.S. region of
residence, and the number of co-occurring NDDs as 0, 1, or >2. The zero-inflation model is a logistic regression model, predicting whether
the individual had zero vs. non-zero days exposed to opioids. An OR < 1.00 indicates a lower likelihood of having zero days exposed to
opioids. The count model is a Poisson regression model, predicting the number of days exposed to opioids among those with non-zero values.

4. Discussion

Among this nationwide, commercially insured
cohort, ~1 in eight children with CP were exposed
to opioids annually, which was more common than
the ~1 in 20 from the general population of chil-
dren without CP. Additionally, among those exposed
to opioids, children with CP had a higher number of
days supplied with opioids than those without CP,
especially among 14-18 year olds.

It is important to highlight that while children
with CP had a higher proportion of exposure to opi-
oids and days supplied with opioids, there was no
strong evidence indicating that opioids were being
used to manage chronic pain given the short dura-
tion of annual number of days supplied with opioids
(Fig. 1). This is reassuring as opioids have limited
effectiveness for treating chronic pain [6], and it has
recently been recommended to avoid them for the
treatment of chronic pain or for use in the outpatient
pediatric setting [21].

The scope of this early work was focused on
establishing the epidemiology of opioid prescription

patterns among commercially insured children with
CP, as it was uncertain whether opioids were being
used acutely or chronically for this pediatric popula-
tion. Further, the study time period was selected as
it was prior to major changes in policy and public
health as they relate to opioid prescriptions. Thus,
study findings can be interpreted as a ‘“baseline”
exposure pattern among commercially insured chil-
dren with CP prior to the changing landscape of
opioid prescription and administration. These find-
ings lay the foundation for future studies to examine
changes in opioid prescription patterns before and
after opioid administration-related legislation and the
growing clinical awareness of the need for alternative,
non-opioid approaches for pain management. Fur-
ther, study findings can inform future research into the
reasons why opioids are prescribed and side effects
of short-term opioid prescriptions. For example, the
differences in opioid prescribing patterns between
cohorts may have been due to the relatively high
frequency of surgeries to manage post-surgical pain
among children with CP [22]. In addition, children
with CP commonly present with increased muscle
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tone and discomfort during acute illness (e.g., infec-
tions) or other complications (e.g., pressure ulcer,
constipation), which may also explain short-term opi-
oid prescription.

Increasing age was associated with a greater like-
lihood of opioid exposure in the current study. This
is concerning, as the risk of respiratory depres-
sion increases from the toddler to adolescent years
among individuals with neurodevelopmental disabil-
ities, including CP [23]. However, it is important to
note that a substantial portion of children with CP
were exposed to opioids at young ages. For exam-
ple, ~9-10% of 2—4 and 5-8 year olds with CP were
exposed to opioids in a single year, compared to
~2-3% for the same age groups without CP. It is
unknown if this early acute opioid exposure alters
neuro-biological development that could compound
and lead to lasting ramifications on physical and men-
tal health, especially if opioid exposure is repeated
multiple times during growth. For example, a study in
preterm infants (<32 gestational weeks) with a birth
weight < 1,500 grams found that infants exposed to
morphine in the first week of life were more likely
to develop cerebellum and white matter injury and
small cerebellar volume than infants who were not
exposed [24].

This study found an interaction between cohort
and race, such that Asian children with CP were
prescribed 43% more days of opioids than those
without CP, while Black children with CP were pre-
scribed 33% fewer days than those without. The
reason for the differential opioid prescribing pattern
for children with CP based on race was not clear.
However, ~ 1 in 10 children with and without CP had
“other/unknown” race, which limited the interpreta-
tion of the observed interaction. Further, as discussed
in more detail below, the proportion of Black chil-
dren with CP with private insurance is very low [25],
further limiting the interpretation of the observed
interaction.

This study also found an interaction between
cohort and the number of NDDs. When analyses were
examined based on the number of NDDs, children
with CP were prescribed 36% more days of opi-
oids for those with 0 NDDs and 32% fewer days
for those with >2 NDDs than children without CP.
It is important to note that these effect estimates
are relative differences. Co-occurring NDDs increase
medical complexity and likelihood of opioid expo-
sure for individuals with CP [7]. Therefore, these
findings suggest that the presence of CP may be asso-
ciated with fewer days supplied with opioids among

children with NDDs. One possible explanation may
relate to clinician recognition of complex medical
profiles and concerns over risk of negative opioid
interactions with drugs used to manage other symp-
toms associated with CP and NDDs. However, this
study did not examine the composition of NDDs,
which may have helped to explain a portion of these
findings. For example, the most common NDD in the
cohort with CP was epilepsy (34.3%) followed by
autism spectrum disorders (12.1%) and intellectual
disabilities (11.0%), while for the cohort without CP,
it was autism spectrum disorders (1.1%) followed by
epilepsy (0.5%) and intellectual disabilities (0.2%).
Evidence that children with special health care
needs, including CP, are more likely to receive opi-
oids and for more days is beginning to accumulate
[26]. The main benefit of opioids is acute pain relief,
which is important given the evidence that pain is
negatively associated with quality of life, daily activ-
ity, and sleep [2, 3, 27, 28]. However, these benefits
need to be weighed with risks of opioid use, espe-
cially considering that there are other available acute
and chronic pain management strategies using phar-
macological and non-pharmacological approaches.
Opioids can have many side effects including con-
stipation, nausea, sedation, pruritis, and respiratory
depression, which may be exacerbated in children
with CP [21]. Future studies are needed to identify
the risk-benefit balance of opioid use, even short-term
such as in this study, and if other pain management
strategies may offer an improved risk-benefit balance.
The limitations of this study must be dis-
cussed. First, this study used claims data which has
limitations regarding suboptimal detection (e.g., sen-
sitivity), errors in coding, and not fully recognized
or unknown methodological rigor in identifying vari-
ables of interest. For example, this study used ICD
codes for identifying the diagnosis of CP and NDDs,
which can be prone to errors such as suboptimal
sensitivity. This may limit the anticipated represen-
tativeness of this cohort and bias generalizations.
Further, the assistive mobility device variable has
not been validated and may have better detection if
related claims were searched over a longer period
than this study used. Additionally, in this study, ~34%
of children with CP had epilepsy, ~11% had intel-
lectual disabilities, and ~ 12% had autism spectrum
disorders. These prevalence estimates are similar to
the ~35-39% rates (epilepsy), lower than the 28%
(intellectual disabilities), and slightly higher than
the ~8% (autism spectrum disorders), respectively,
reported in population-based studies among children
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with CP [29, 30]. Differences in diagnoses of intellec-
tual disabilities and autism spectrum disorders likely
stem from the different methodologies used for diag-
nosis and the time period examined. Second, this
study accessed private (commercial) insurance data
and may not be representative of the greater pedi-
atric population with CP. The prevalence of CP in
this cohort was 1.61 per 1,000, which is lower than
the 2.1 to 3.1 per 1,000 reported in population-based
studies [31, 32]. However, the lower proportion of
children with CP is not necessarily surprising as chil-
dren with CP can also receive Medicaid insurance
coverage, possibly at a disproportionate rate. Based
on population-based estimates from a nationally rep-
resentative database of children 0—17 years of age in
the U.S., 65.3% of children with CP were covered by
private insurance in 2016 [33]. Compared to children
with CP with public-only insurance, those with pri-
vate insurance showed no differences in age, sex, or
severity of CP (56.0-60.6% were parent-reported to
have “moderate or severe” CP). However, the group
with CP with private insurance had a lower preva-
lence of Black children (6.8% vs. 35.8%) than those
with public-only insurance. In a different nation-
ally representative study among the general pediatric
population 0-17 years of age, there was a similar
proportion of children exposed to opioids when com-
paring children with private vs. public insurance [25].
Taken together, findings from this study should be
interpreted within the context of this commercially
insured cohort with possible insufficient racial rep-
resentation. Third, this study did not have access to
inpatient pharmacy claims and may have underes-
timated the extent and duration of opioid exposure.
Fourth, the claims data provided information on med-
ications prescribed, the fill date, and days supplied
but not whether the individual took the medication
timely and correctly. Lastly, the administrative data
lacked information about the severity of CP. However,
adjustment of co-occurring NDDs provided neces-
sary information relevant to the scope of this early
work establishing epidemiologic evidence of opioid
prescriptions patterns.

5. Conclusion

Study findings suggest that children with CP are
more likely to be prescribed opioids and for a longer
duration than children without CP. Nevertheless, the
total days supplied were more aligned with acute
rather than chronic pain management. Future stud-

ies are needed to determine if children with CP are
susceptible to acute and long-term harmful effects of
opioid exposure and if non-opioid pain management
strategies are suitable alternatives.
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