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Purpose: Individuals with cerebral palsy (CP) are susceptible to early development of high-
burden medical conditions, which may place a considerable strain on health care resources.
However, little is known about the prevalence of high-burden medical conditions or health
care resource utilization among adults with CP. The purpose of this study was to determine
the prevalence of high-burden medical conditions and health care resource utilization and
costs among adults with CP, as compared to adults without CP.

Patients and methods: Cross-sectional data from the 2016 Optum Clinformatics® Data Mart,
a de-identified nationwide claims database of beneficiaries from a single private payer in the US.
ICD-10-CM diagnosis codes were used to identify all medical conditions among beneficiaries
with and without CP who were between 18 and 64 years of age. Medical and outpatient
pharmacy claims were used to identify annual all-cause health care resource utilization and
health care costs as standardized reimbursement and patient out-of-pocket costs.

Results: Adults with CP (n=5,555) had higher prevalence and odds of all medical conditions
compared to adults without CP (OR=1.3-5.8; all P<0.05), except cancer (OR=1.1; 95%
CI=0.9-1.3). Adults with CP had greater annual mean counts of all health care service types
(eg, inpatient, emergency department) compared to adults without CP (all P<0.01). Adults
with CP had higher unadjusted standardized reimbursement (mean difference=$16,288; cost
ratio [CR]=3.0; 95% CI=2.9-3.1) and patient out-of-pocket (mean difference=$778; CR=1.7;
95% CI=1.6-1.7) costs compared to adults without CP. After adjusting for all prevalent
medical conditions, adults with CP still had higher standardized reimbursement (CR=2.5;
95% CI=2.5-2.6) and patient out-of-pocket (CR=1.8; 95% CI=1.7-1.8) costs.

Conclusion: Adults with CP have a higher prevalence of high-burden medical conditions,
health care resource utilization, and health care costs compared to adults without CP. Study
findings suggest the need for earlier screening strategies and preventive medical services to
quell the disease and economic burden attributable to adults with CP.
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Introduction

Cerebral palsy (CP) is a neurological syndrome that represents a heterogeneous group
of movement disorders. CP is the most common pediatric physical disability, with
prevalence estimates of 3.1 per 1,000 children.' Causes of CP can vary from genetic
predisposition, brain lesions, and environmental exposures that negatively affect brain
development. The heterogeneous and medically complex nature of CP is due to many
factors, such as timing and cause of CP, as well as comorbidities (eg, epilepsy,
intellectual disabilities); however, the common feature of CP is the potential for
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restrictions in activities of daily living and societal integra-
tion, as well as the increased risk for health complications.

Children with CP are more likely to experience an array
of health and function problems compared to children with-
out CP, including orthopedic-related issues,” excess body fat
deposition,”* and mental health disorders.> Although CP is
considered a “non-progressive” neurological condition, CP is
a chronic and lifelong condition with many people reaching
normal life expectancies.® Having complex health care needs
and health complications throughout growth could have last-
ing ramifications on the health status of the adult. Research
has shown that health and function problems may increase in
severity as children with CP transition into and throughout
their adult years.”'° Consequently, adults with CP are at risk
of early development of several medical conditions that incur
excess health care costs and represent a considerable patient
and caregiver burden, including chronic pain,'' heightened
fracture susceptibility,® and non-communicable diseases (eg,
cardiometabolic, mental health).>'*-!%!3

There is very little knowledge about the life-course
health development and healthy aging process among
adults with CP, resulting in insufficient clinical care for
these populations. At present, the US health care system is
not well-designed to meet the greater demands imposed by
individuals with neurological conditions,'*'> thus further
increasing risk of health disparities that may otherwise be
prevented or lessened. Importantly, the population of
adults with CP is projected to expand in the coming
decades, which may lead to a disproportionate increase
in the burden of disease and economic burden attributable
to CP. Therefore, characterizing the prevalence of high-
burden medical conditions and a comprehensive under-
standing of the health care economic burden among adults
with CP is crucial, especially among young and middle-
aged adults. Such information could serve to assist health
care policy reform and also to inform better clinical prac-
tice guidelines that facilitate earlier, long-term, and cost-
effective care for the aging population with CP. Using
a single private payer administrative claims database, the
objective of this study was to determine the prevalence of
several high-burden medical conditions and to descrip-
tively characterize health care resource utilization and
costs among young and middle-aged adults with CP, as
compared to young and middle-aged adults without CP.
We hypothesized that adults with CP would have a higher
prevalence of all medical conditions, higher health care
resource utilization, and higher health care costs compared
to adults without CP.

Material and methods

Data source

Data were collected from the Clinformatics® Data Mart
Database (OptumlInsight™, Eden Prairie, MN, USA). This
is a nationwide single private payer administrative claims
database with de-identified data of 79 million beneficiaries
who have commercial or Medicare Advantage health plans
from 2001-2017. These private payer administrative claims
data include service utilization throughout enrollment on their
insurance plan. Data are de-identified and the University of
Michigan Institutional Review Board approved this study as
non-regulated. The investigators (DGW, SN, NSK, and MDP)
have a data use agreement to analyze this database.

Sample selection

Data were obtained from the most recent available year,
2016. Beneficiaries who were between 18 and 64 years of
age, had 12 full months of continuous enrollment, and had at
least one service utilization were considered for this investi-
gation. ICD-10 codes were used to identify all medical con-
ditions, which were identified using a single claim at any
position, and are presented in Table 1. The single claim-based
definition has shown good accuracy for identifying pediatric-
onset conditions using administrative claims data, with sen-
sitivity of 99% and positive predictive value of 79%.'° Data
regarding severity of CP using common clinical measures
(eg, gross motor function classification system) are not avail-
able in administrative claims. Further, more than 70% of the
cohort had “other” or “unspecified” CP, thus not allowing us
to stratify or account for the clinical subtypes of CP (eg,
spasticity/athetoid, hemiplegic) in the current study.

Medical conditions

Prevalent high-burden medical conditions were selected with
guidance from the literature on disease, disability, and mortal-
ity among adults.**'”** Medical conditions included were
pain, all-cause fracture at any location, and several non-
communicable diseases grouped into the following categories:
1) ischemic heart diseases; 2) cerebrovascular diseases; 3)
hypertensive and other cardiovascular diseases; 4) type 2
diabetes mellitus; 5) malignant cancer; 6) osteoporosis; 7)
osteoarthritis; 8) mood affective disorders; 9) anxiety disor-
ders; 10) chronic kidney diseases; and 11) liver diseases.

Health care resource utilization
Annual all-cause health care resource utilization was identi-
fied using medical claims and categorized into the following
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Table 1 ICD-10 codes used to identify all diagnoses

Group

ICD-10 codes

Cerebral palsy (CP)
Spastic quadriplegic, diplegic, or hemiplegic CP; athetoid CP; ataxic CP; other
or unspecified CP

G80 family

Medical conditions and non-communicable diseases

Pain

Central pain syndrome; other chronic pain; chronic pain syndrome; dorsalgia,
including panniculitis affecting regions of the neck and back, radiculopathy,
cervicalgia, sciatica, lumbago with sciatica, low back pain, pain in thoracic
spine, other or unspecified dorsalgia; pain in joint, including shoulder, elbow,
wrist, hand, hip, knee, ankle/foot

G890, G8929, G894, M54 family, M255 family

Fracture

Osteoporosis with current pathological fracture; fracture of skull and facial
bones, cervical vertebra and other parts of neck, rib(s), sternum, and thoracic
spine, lumbar spine and pelvis, shoulder and upper arm, forearm, wrist and
hand, femur, lower leg, including ankle, foot and toe, except ankle

M80 family, SO2 family, SI12 family, S22 family, S32 family, S42
family, S52 family, S62 family, S72 family, S82 family, S92 family

Ischemic heart disease

Angina pectoris; acute myocardial infarction; subsequent ST elevation (STEMI)
and non-ST elevation (NSTEMI) myocardial infarction; other acute ischemic
heart diseases; chronic ischemic heart disease

120-22 families, 124 family, 125 family

Cerebrovascular disease

Nontraumatic subarachnoid or intracerebral hemorrhage; other and unspe-
cified nontraumatic intracranial hemorrhage; cerebral infarction; occlusion and
stenosis of precerebral or cerebral arteries, not resulting in cerebral infarc-
tion; other cerebrovascular diseases; cerebrovascular disorders in diseases

classified elsewhere; sequelae of cerebrovascular disease

160-63 families, 165-69 families

Hypertensive and other cardiovascular disease
Essential (primary) hypertension; hypertensive heart, chronic kidney disease,
or heart and chronic kidney disease; secondary hypertension; hypertensive

crisis; heart failure; peripheral atherosclerosis

110-13 families, 15 family, [16 family, 150 family, 170 family

Type 2 diabetes mellitus

El'l family

Malignant cancer

Malignant neoplasms of lip, oral cavity, or pharynx, digestive organs, respira-
tory and intrathoracic organs, bone and articular cartilage, mesothelial and
soft tissue, breast, female or male genital organs, urinary tract, eye, brain, or
other parts of central nervous system, thyroid or other endocrine glands, ill-
defined, other secondary, or unspecified sites, neuroendocrine tumors, lym-
phoid, hematopoietic, or related tissue; melanoma and other malignant neo-

plasms of skin

C00-26 families, C30-41 families, C43-58 families, C60-80
families, C7A family, C7B family, C81-96 families

Osteoporosis

With or without current pathological fracture

M80 family, M81 family

Osteoarthritis (OA)
Poly OA; hip OA; knee OA; OA of the first carpometacarpal joint; other and
unspecified OA

MI5-19 families

Mood affective disorders

(Continued)
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Table | (Continued).

Group

ICD-10 codes

Manic episode; bipolar disorder; major depressive disorder, single episode or
recurrent; persistent mood (affective) disorders; unspecified mood (affective)
disorders

F30-34 families, F39

Anxiety disorders

Phobic anxiety disorders; other anxiety disorders; obsessive-compulsive dis-
order; reaction to severe stress, and adjust disorders; dissociative and con-
version disorders; somatoform disorders; other nonpsychotic mental

disorders

F40-45 families, F48 family

Chronic kidney disease

Stage |-V; end stage renal disease; chronic kidney disease, unspecified

N18 family

Liver disease
Alcoholic liver disease; toxic liver disease; hepatic failure, not elsewhere
classified; chronic hepatitis, not elsewhere classified; fibrosis and cirrhosis of

liver; other inflammatory liver diseases; other diseases of liver; liver disorders

K70-76 families, K77

in diseases classified elsewhere

service types: inpatient; outpatient, ambulatory, and other
(herein referred to as “outpatient and other”); emergency
department;
per service category are presented in Table 2. Measures to

office; and ancillary. Specific services
assess health care resource utilization included the percen-
tage of patients that had at least one service utilization and the
mean count of service utilization. To limit extreme values
and to reduce the effect of possible spurious outliers, winsor-
ization of data to the upper 99.9% was performed for each

service category.

Health care costs
Annual all-cause health care costs were identified using med-
ical and outpatient pharmacy claims, and were from the paid
amounts of adjudicated claims. The adjudicated claims
included payer payments and patient copayments, deductibles,
and coinsurance. Medical, outpatient pharmacy, and total
(medical + outpatient pharmacy) all-cause health care costs
were represented as standardized reimbursement (sum of all
health plan and patient paid amounts) and patient out-of-
pocket (sum of copayment, deductible, and coinsurance) costs.
To account for differences in pricing across health plans
and provider contracts, the standardized cost field involves
algorithms that reflect the allowed payment amounts across
all provider services. This allows comparisons across
patients, data sources, and geographic areas, and accounts
for contractual payer and provider differences. Price standar-
dization accounts for quantity of services provided, relative

resource costs involved in providing the services, and the
nature of the service which can be defined as the CPT/
HCPCS codes for professional services, NDC for pharmacy
service, or type of admission for the inpatient stay.

Sociodemographic variables

Age, sex, ethnicity, education level, household annual
income, and insurance coverage (ie, commercial only,
Medicare Advantage) were available from the database
and were considered for risk adjustment.

Statistical analysis

Descriptive characteristics, medical conditions, and health
care resource utilization and cost measures were summar-
ized using mean (SD) for continuous variables and per-
centage (95% CI) for categorical variables.

Chi-squared tests were performed to determine group
differences for each of the medical conditions. Then, we
constructed multivariable logistic regression models to
determine the OR for each medical condition with group
(reference: without CP) as the primary exposure variable,
while controlling for age and sex. The main effect of group
was interpreted. Since OR does not approximate relative
risk when outcomes have prevalence estimates of more
than 10% and an adjusted OR more than 2.5, we applied
a correction formula for outcomes that met both criteria to
more appropriately interpret the relative risk, as previously
described.*
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Table 2 Health care resource utilization by service type

Health care service type

Level | Description: Level 2 Description

Inpatient services

Facility Inpatient: Acute and Rehab/Skilled Nursing Facility; Professional Services: Inpatient Visits

Outpatient, ambulatory, and

other services

Facility Outpatient (OP): OP Facility Diagnostic, Laboratory, Other, Radiology, and Surgery; Professional
Services: Allergy Tests and Injections, Anesthesia, Consultations, Diagnostic Testing, Immunizations and
Injections, Laboratory, Mental Health, Obstetrics, Pathology, Physical Medicine/Rehab, Professional Other,
Preventive Medicine, Radiology, Surgery, Vision, Hearing, and Speech

Emergency department services

Facility Outpatient: Emergency Room; Professional Services: Emergency Room

Office services Professional Services: Office Visits

Ancillary
Transportation Services

Ancillary: Durable Medical Equipment, Drugs Administered, Home Health/Hospice Visits, Services and Supplies,

Unadjusted group differences for health care resource
utilization measures were examined using chi-squared tests
for binary data and generalized linear models assuming
a zero-inflated Poisson distribution (for non-utilization) and
log-link function for count data. Generalized linear models
with gamma distribution and log-link function were per-
formed to estimate the cost ratios (CRs) (exponentiated
form of parameter estimate) for explanatory variables, as
previously recommended.”*® The main effect of group
was interpreted before and after controlling for potential
confounding factors including age, sex, insurance coverage,
and all medical conditions. Adjusted models were developed
for total standardized reimbursement costs and total patient
out-of-pocket costs.

Logistic and generalized linear models did not control for
ethnicity, education level, and household annual income to
limit bias because of the extent of missingness/unknown.
However, we conducted a sensitivity analysis by further
adjusting the multivariable regression models for ethnicity,
education level, and household annual income for individuals
with complete data.

Finally, we stratified results by sex for unadjusted pre-
valence of medical conditions and unadjusted health care
resource utilization and cost measures. All analyses were
performed using SAS version 9.4 (SAS Institute Inc.,
Cary, NC, USA). Effect estimates were reported as ORs
or CRs with 95% CI. P<0.05 (two-tailed) was used to
determine statistical significance.

Results

Descriptive characteristics and prevalence of medical
conditions for adults with CP (n=5,555) and without CP
(n=5,531,366) are presented in Table 3. Adults with CP
had a higher prevalence of all medical conditions

compared to adults without CP (all P<0.001), except for
malignant cancer (P=0.74). The adjusted ORs for each
medical condition are presented in Figure 1. After adjust-
ing for age and sex, adults with CP had higher odds of
pain, fracture, ischemic heart diseases, cerebrovascular
diseases, hypertension and other cardiovascular diseases,
type 2 diabetes mellitus, osteoporosis, osteoarthritis,
mood affective disorders, anxiety disorders, chronic kid-
ney diseases, and liver diseases (ORs=1.25-5.76; all
P<0.05), but not malignant cancer (OR=1.10; 95%
CI=0.96-1.27).

Health care resource utilization is presented in Table 4.
Adults with CP had a higher prevalence of having at least
one service utilized in 2016 compared to adults without
CP for inpatient visits, outpatient and other visits, emer-
gency department visits, office visits, and ancillary use (all
P<0.001). Adults with CP had a greater annual mean count
of service utilization compared to adults without CP for
inpatient visits (3.0+£8.2 vs 0.4+£2.5), outpatient and other
visits (16.6£20.9 vs 7.4£10.3), emergency department vis-
its (1.0£1.9 vs 0.3+0.9), office visits (6.7£6.4 vs 4.0+4.6),
and ancillary use (9.4427.0 vs 1.4+5.8) (all P<0.001).

Unadjusted all-cause health care costs are presented in
Figure 2. The standardized reimbursement costs (Figure 2A)
were higher for adults with CP compared to adults without CP
for total (mean difference=$16,288; CR=2.96; 95%
CI=2.85-3.08), medical (mean difference=$13,732;
CR=3.05; 95% CI=2.93-3.18), and pharmacy (mean differ-
ence=$2,556; CR=2.42; 95% CI=2.30-2.53). The patient out-
of-pocket costs (Figure 2B) were higher for adults with CP
compared to adults without CP for total (mean difference=
$778; CR=1.65; 95% CI=1.60-1.70), medical (mean differ-
ence=$655; CR=1.77; 95% CI=1.71-1.84), and pharmacy
(mean difference=$123; CR=1.40; 95% CI=1.35-1.45).
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Table 3 Descriptive characteristics and prevalence of medical

conditions among adults with and without cerebral palsy (CP)

CP (n=5,555) Without CP (n=5,531,366)
Descriptive characteristics
Age, mean (SD) 42.3 (13.9) 43.8 (13.0)
Sex, %
Female 479 53.9
Male 522 46.2
Ethnicity, %
White 55.2 535
Black 12.1 74
Hispanic 8.9 9.4
Asian 2.0 43
Unknown/missing 21.8 254
Education, %
Less than high school 0.5 0.5
High school diploma 320 24.0
More than high school 63.3 734
Unknown/missing 43 2.1
Household annual income, %
<$40 K 238 13.1
$40-59.9 K 10.5 10.0
$60-99.9 K 16.7 20.0
2$100 K 19.6 34.1
Unknown/missing 29.4 228
Insurance coverage
Commercial only 415 93.1
Medicare Advantage 585 6.9
Medical conditions® % (95% Cl) %
Pain 38.6 (37.3, 39.9) 304
Fracture 6.3 (5.7, 6.9) 2.7
Ischemic heart disease 5.0 (4.4, 5.6) 3.6
Cerebrovascular disease 6.8 (6.1, 7.5) 1.6
Hypertensive/other cardiovascular disease 37.4 (36.1, 38.7) 25.6
Type 2 diabetes 124 (11.5, 13.3) 10.1
Malignant cancer 4.0 (3.5, 4.5) 39
Osteoporosis 5.5 (4.9, 6.1) 1.3
Osteoarthritis 14.9 (14.0, 15.8) 79
Mood affective disorders 234 (22.3, 24.5) 1.2
Anxiety disorders 23.7 (22.6, 24.8) 15.3
Chronic kidney disease 4.3 (3.8, 4.8) 1.9
Liver disease 4.1 (3.6, 4.6) 3.0

Note: “All medical conditions were significantly higher among adults with vs without CP (P<0.0001 using chi-squared test), except for malignant cancer (P=0.74).

All-cause health care costs after adjusting for age, sex,
insurance coverage, and all medical conditions are presented
in Table 5. Adults with CP had higher total standardized
reimbursement (CR=2.54; 95% CI=2.46-2.63) and patient
out-of-pocket (CR=1.75; 95% CI=1.70-1.81) costs com-
pared to adults without CP.

The results of the sensitivity analysis (n=3,543,139)
found that additional covariate adjustment for ethnicity,
education level, and household annual income did not
alter interpretations for the main effect of group for
most medical conditions that were higher in the primary
analysis, and increased adjusted CRs for total
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Figure | Adjusted ORs and 95% Cls of medical conditions between adults (18—64) with cerebral palsy (CP) compared to adults without CP (reference). ORs are adjusted

for age and sex.
Abbreviations: HTN, hypertension; CVD, cardiovascular disease.

Table 4 Health care resource utilization in 2016 among adults with and without cerebral palsy (CP)

CP (n=5,555) Without CP (n=5,531,366)

Mean count % Mean count % P-value (Mean P-value

(SD) patients® | (SD) patients® | count)® (%)
Inpatient visits 3.0 (82) 237 0.4 (2.5) 73 <0.000 <0.000
Outpatient and other 16.6 (20.9) 97.5 7.4 (10.3) 94.9 <0.0001 <0.0001
visits
Emergency department 1.0 (1.9) 384 0.3 (0.9) 19.0 <0.0001 <0.0001
visits
Office visits 6.7 (6.4) 93.1 4.0 (4.6) 85.8 <0.0001 <0.0001
Ancillary use 9.4 (27.0) 74.5 1.4 (5.8) 355 <0.000 <0.000

Notes: *Percentage of patients who used the service at least once. "Group differences were tested using generalized linear model with zero-inflated Poisson distribution and

log-link function. “Group differences were tested using chi-squared tests.

standardized reimbursement (CR=2.78; 95%
CI=2.67-2.90) and patient out-of-pocket (CR=1.83;
95% CI=1.77-1.90) costs. Specifically, the odds of
ischemic heart diseases (OR=1.04; 95% CI=0.88-1.23)
and type 2 diabetes (OR=0.95; 95% CI=0.85-1.07) were
no longer significantly higher among adults with CP, but
the odds of all other medical conditions remained higher
(ORs=1.29-5.96; all P<0.05).

Unadjusted prevalence of medical conditions and
unadjusted health care resource utilization and costs stra-
tified by sex are presented in Table 6. The main findings
were consistent across females and males with vs without
CP, except for the similar prevalence of ischemic heart
diseases and type 2 diabetes among men with and with-
out CP.

Discussion

The chief finding of this study is that privately-insured young
and middle-aged adults with CP had higher prevalence of
various high-burden medical conditions and higher economic
burden compared to adults without CP. The excess health care
costs were evident even after accounting for costly medical
conditions. These findings provide large, national-level data to
support the need for earlier screening strategies and preventive
medical services for populations with neurological
conditions.”'® Improved clinician awareness of the life-
course health development and more efficient medical referral
systems could prevent, minimize, or lessen the burden of
medical conditions for patients with neurological conditions.
This is particularly pertinent for populations with pediatric-

onset disabilities, such as CP, as these individuals may be
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Figure 2 Mean all-cause total, medical, and pharmacy standardized reimbursement costs (A) and mean all-cause total, medical, and pharmacy patient out-of-pocket costs

(B) in 2016 among adults (18—64 years) with and without cerebral palsy (CP).

Table 5 Adjusted cost ratios (CRs) in 2016 among adults with and without cerebral palsy (CP)

With CP (ref: without CP)

Age (continuous)

Sex (ref: female)

Insurance coverage (ref: commercial only)
Medical conditions and non-communicable diseases (ref: without)
Pain

Fracture

Ischemic heart disease

Cerebrovascular disease
Hypertensive/other cardiovascular disease
Type 2 diabetes

Malignant cancer

Osteoporosis

Osteoarthritis

Mood affective disorders

Anxiety disorders

Chronic kidney disease

Liver disease

Standardized reimbursement Patient out-of-pocket
CR (95% CI) CR (95% CI)
2.54 (2.46, 2.63) 1.75 (1.70, 1.81)
1.00 (1.00, 1.00) 1.00 (1.00, 1.00)
0.77 (0.77, 0.77) 0.82 (0.82, 0.82)
1.38 (1.37, 1.38) 0.72 (0.71, 0.72)
1.78 (1.78, 1.79) 1.60 (1.60, 1.61)
1.90 (1.89, 1.91) 1.55 (1.54, 1.56)
2.05 (2.04, 2.06) 1.55 (1.54, 1.56)
1.98 (1.96, 2.00) 1.42 (141, 1.43)
1.47 (1.47, 1.48) 129 (1.29, 1.30)
1.42 (141, 1.42) 126 (1.26, 1.27)
3.62 (3.60, 3.64) 1.84 (1.83, 1.85)
137 (1.36, 1.38) 116 (1.15, 1.17)
1.54 (1.53, 1.54) 131 (1.30, 1.31)
156 (1.55, 1.57) 136 (1.36, 1.37)
1.48 (1.47, 1.48) .35 (1.35, 1.35)
323 (321, 3.26) 1.49 (1.48, 1.50)
2.34 (2.33, 2.36) 1.57 (1.56, 1.57)

Notes: Generalized linear models with gamma distribution and log-link function were performed to estimate adjusted CRs and 95% Cls, which is the exponentiated form of

the parameter estimate. Models were adjusted for all variables in the table.

unhealthy for longer, incur higher lifetime health care costs,*’
and impose greater lifetime health care resource utilization
than individuals without CP.

In the current study, while we found profound health
disparities of all medical conditions, except for malignant
cancer in the primary analysis, adults with CP had exceed-
ingly higher odds of osteoporosis and cerebrovascular dis-
eases compared to adults without CP. The findings for
osteoporosis are not surprising. Children with CP have poor
motor control’**! and low physical activity levels,” and are

predisposed to mobility decline as they transition into and
throughout adulthood.” This inevitably leads to inadequate
mechanical loading — the primary stimulus for musculoske-
letal development. Indeed, children with CP have a blunted
accretion of muscle and bone”> as early as their second year
of life,** and a higher degree of fat infiltration within skeletal
muscle and bone marrow.” This underdeveloped musculos-
keletal profile not only increases poor preservation of mus-
culoskeletal tissue and fracture risk throughout the

lifespan,™” it is also implicated in the pathogenesis of obesity
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Table 6 Prevalence of medical conditions and health care resource utilization and costs among adults with and without cerebral palsy

(CP) stratified by sex

Female Without CP Male Without CP
(n=2,978,467) (n=2,552,899)
CP (n=2,658) CP (n=2,897)

Medical conditions, % (95% CI)
Pain 42.6 (40.7, 44.5) 316 34.9 (33.2, 36.6) 29.0
Fracture 6.2 (53,7.1) 2.7 6.4 (5.5,7.3) 27
Ischemic heart disease 42 (34,50 2.4 5.8 (4.9, 6.7) 5.1
Cerebrovascular disease 7.0 (6.0, 8.0) 1.5 6.7 (5.8, 7.6) 1.7
Hypertensive/other cardiovascular disease 34.4 (32.6, 36.2) 222 40.1 (38.3, 41.9) 29.7
Type 2 diabetes 12.6 (11.3, 13.9) 8.8 12.1 (10.9, 13.3) .5
Malignant cancer 4.3 (3.5, 5.1) 4.1 3.7 3.0, 44) 37
Osteoporosis 6.7 (57,7.7) 22 44 (3.7, 5.1) 0.3
Osteoarthritis 16.2 (14.8, 17.6) 85 13.8 (12.5, 15.1) 72
Mood affective disorders 27.3 (25.6, 29.0) 14.0 19.8 (18.3, 21.3) 8.0
Anxiety disorders 28.4 (26.7, 30.1) 18.5 19.5 (18.1, 20.9) 1.5
Chronic kidney disease 3.8 (3.1, 45) 1.5 4.8 (4.0, 5.6) 22
Liver disease 4.1 (3.3,49) 28 4.0 (3.3,47) 3.1

Health care resource utilization, mean count (SD)
Inpatient visits 2.9 (8.0 0.4 (2.4 3.0 (84) 0.4 (2.6)
Outpatient and other visits 17.9 (21.3) 8.4 (10.7) 15.5 (20.5) 6.2 (9.7)
Emergency department visits 1.0 (2.0) 0.3 (1.0 0.9 (1.9) 0.3 (0.8)
Office visits 7.3 (6.7) 44 (4.9) 6.2 (6.1) 35 43)
Ancillary use 9.2 (27.3) 1.4 (5.7) 9.6 (26.8) 1.3 (5.9)

Total health care costs ($), mean (SD)
Standardized reimbursement 25,844 (53,939) 9,421 (27,485) 26,084 (72,855) 8,179 (30, 822)
Patient out-of-pocket 2,097 (3,016) 1,325 (1,945) 2,011 (2,798) 1,122 (2,010)

and obesity-related health complications.)** Evidence sug-
gests that children with CP have poor cardiorespiratory
fitness® and excess body* and abdominal® fat compared to
children without CP. Excess body fat in childhood is a strong
predictor of cardiometabolic morbidity and mortality in
adulthood,’®*” and elevated abdominal fat may have
a unique and profound influence on cardiometabolic disease
processes.”® Further, individuals with CP have higher cardi-
ovascular-related mortality compared to individuals without
CP.*** Study findings corroborate this previous literature, as
we found that adults with CP had higher adjusted odds of all
cardiometabolic disease groups in the primary analysis.
However, the sensitivity analysis revealed that the increased
risk for ischemic heart diseases and type 2 diabetes, but not
cerebrovascular diseases, was partially accounted for by
ethnicity, education level, and household annual income,
which are proxy measures of socioeconomic status. Further,
after stratifying by sex, women, but not men, with CP had
a higher prevalence of ischemic heart diseases and type 2
diabetes compared to their respective comparison group.

Further research is needed to delineate the association of
these medical conditions with socioeconomic factors and
sex among adults with CP.

In the current study, we found that adults with CP had
higher adjusted odds of pain, osteoarthritis, depressive
disorders, and anxiety disorders, which is consistent with
previous studies.”'® Pediatric chronic pain is associated
with increased risk for lifetime depressive and anxiety
disorders.*' Further, osteoarthritis may exacerbate pain,
which can negatively affect function and activities of
daily living,** thus posing another mechanism for adverse
mental health processes and low social participation.

We also found that adults with CP had higher odds of
chronic kidney and liver diseases, and to our knowledge, this
is the first report of increased risk for these outcomes in the
CP population. Since cardiometabolic diseases are impli-
cated in the decline of kidney function, our findings of
elevated cardiometabolic diseases may provide insight
regarding mechanisms. Liver diseases are caused by
a variety of factors, such as problems with immune function,
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genetic predisposition, diabetes, and excess body fat, all of
which are not uncommon problems among the CP
population.*** Interestingly, while risk for ischemic heart
diseases and type 2 diabetes was partially accounted for by
proxy measures of socioeconomic status, chronic kidney and
liver diseases remained elevated after adjusting for these
variables. Future research is needed to determine the extent
to which cardiometabolic diseases are associated with
chronic kidney and liver diseases among adults with CP.

Taken together, while neuromuscular and musculoske-
letal problems are evident early in childhood for indivi-
duals with CP, they lead to later-life musculoskeletal
diseases®™” and may be responsible for initiating or exacer-
bating the development of several other medical condi-
tions through direct and indirect (eg, physical activity)
mechanisms. Study findings suggest that CP does not just
affect one system, but has pathophysiological processes
across several biological systems, which may become
integrative throughout the aging process.

In the current study, we found that adults with CP had
higher annual usage for all medical service categories. We also
found that adults with CP incurred costs that were almost three
times higher for standardized reimbursement costs and 1.7
times higher for patient out-of-pocket costs compared to adults
without CP. Since high-burden medical conditions by them-
selves lead to greater health care costs, we statistically con-
trolled for all medical conditions, and still found that adults
with CP had excess health care costs that were 2.5 times higher
for standardized reimbursement costs and 1.8 times higher for
patient out-of-pocket costs. These findings suggest that factors
other than high-burden medical conditions are contributing to
the higher health care costs; however, there may be other
costly medical conditions not examined in this study that are
more prevalent among individuals with CP.

Both unadjusted and adjusted CRs were higher for
medical and pharmacy claims among adults with CP com-
pared to adults without CP, but the CRs were more pro-
found for medical than pharmacy for standardized
reimbursement costs (CR=3.05 and 2.42, respectively)
and patient out-of-pocket costs (CR=1.77 and 1.40, respec-
tively). From a systems-level perspective, these findings
suggest that health plans are accommodating some, but not
all, of the medical needs of adults with CP. This is sup-
ported by the greater likelihood that adults with CP had
Medicare Advantage health plans compared to adults with-
out CP (58.5% vs 6.9%), which may include greater cost
reduction plans.

There are several limitations that need to be discussed.
First, it was not possible to determine severity of CP using
administrative claims data. However, the overall CP sam-
ple likely represents a healthier and higher functioning
segment of the CP population.** This may bias results to
be more conservative estimates and lacks generalizability
to the entire CP population. To be enrolled with a private
health insurance plan, beneficiaries purchase their own
plan or are covered through their employer, parents (up
to 26 years of age), or their spouse. Individuals with
pediatric-onset disabilities, such as CP, tend to have low
employment and marriage rates,*> which is likely to be
more problematic with more severe forms of CP. Further
research is needed to examine differences in outcomes
across different databases, such as Medicare and
Medicaid. Second, we used a single claim to identify CP
and high-burden medical conditions. While validation stu-
dies have shown that two claims for a medical condition
improves ability to identify individuals with that medical

condition, 6,46

single claim-based algorithms have been
reported to have moderate-to-high positive predictive
value (~80%) and high sensitivity (99%) to detect pedia-
tric-onset conditions,'® and moderate-to-high sensitivity
(up to 99%) and specificity (up to 87%) to detect
a variety of high-burden medical conditions;*”*® however,
the accuracy of identifying conditions using claims data
depends on the length of the study period*’ and the med-
ical condition examined.'®***>% Given the short study
period of 12 months to extract data and the large and
robust effect sizes, the selected methodology to identify
associations is likely sufficient to provide evidence of
health disparities and economic burden. Third, adminis-
trative claims data are naturally subject to errors, such as
inaccurate coding of medical diagnoses. Fourth, due to
comorbidities associated with CP (eg, communication
impairments, intellectual disabilities), evaluating and diag-
nosing certain medical conditions may be challenging for
this population. Pain and mental health disorders are sub-
ject to such challenges as they require intrapersonal aware-
ness and communication of these problems. Fifth, due to
the study design, we were unable to determine the tem-
poral sequence of high-burden medical conditions and
determine which condition is manifested first, which
Sixth,
a possibility that the cost data are inflated compared to

could influence treatment strategies. there is

other health plans (eg, Medicare) since private payers
could have increased services and preventive measures.
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Conclusion

Study findings from a single private payer administra-
tive claims database suggest that young and middle-aged
adults with CP have a substantially higher prevalence of
several high-burden medical conditions, higher health
care resource utilization, and higher health care costs
compared to young and middle-aged adults without CP.
Study findings could inform health plan administrators,
policymakers, and early patient- and clinical-decision
making processes and strategies to maximize resource-
and cost-effective treatment. For example, findings high-
light the need for adopting earlier screening strategies
for medical conditions, improving clinician awareness of
the disease burden, and developing efficient referral
processing in order to minimize the patient, caregiver,
and health care burden of medical conditions. Future
research is needed to determine the etiology and patho-
physiology of these high-burden medical conditions and
the temporal sequence of disease acquisition. For exam-
ple, if musculoskeletal diseases are causing or exacer-
bating other high-burden medical conditions, future
efforts are needed to optimize musculoskeletal health
for individuals with CP.
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