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ABSTRACT

Objective Individuals with paediatric-onset disabilities
(PoDs) have complex healthcare needs and are susceptible
to adverse health outcomes, which may impose a higher
strain on healthcare resources. The burden of healthcare
resource utilisation and costs attributed to the population
of adults with PoDs is not clearly established. The objective
here was to compare healthcare resource utilisation and
costs between adults with versus without PoDs.

Design Cohort.

Setting Data were from the 2016 Optum Clinformatics
Data Mart, a de-identified nationwide claims database of
beneficiaries from a single private payer in the USA.
Participants International Classification of Diseases,
Tenth Revision, Clinical Modification diagnosis codes were
used to identify beneficiaries with PoDs that were between
18 and 64 years of age.

Primary and secondary outcome measures Annual all-
cause healthcare resource utilisation and total healthcare
costs were compared between adults with and without
PoDs before and after adjusting for sociodemographics
and several costly non-communicable diseases.

Results Adults with PoDs (n=121446) had greater annual
mean counts of service utilisation for all service types

(eg, inpatient, outpatient, emergency visits) compared

with adults without PoDs (n=5 415 475) before and after
adjustments (all p<0.001). Adults with PoDs had greater
unadjusted total standardised reimbursement costs
(US$26 702 vs US$8464; mean difference=US$18 238;
cost ratio (CR)=3.16; 95% CI=3.13 to 3.18) and total
patient out-of-pocket costs (US$2226 vs US$1157; mean
difference=US$1069; CR=1.88; 95%Cl=1.86 to 1.89).
After adjustments, total standardised reimbursement costs
were 2.32 times higher (95% Cl=2.30 to 2.34) and total
patient out-of-pocket costs were 1.65 times higher (95%
Cl=1.64 to 1.66) compared with adults without PoDs.
Conclusion Adults with PoDs had greater healthcare
utilisation and costs, even after accounting for costly
diseases. Future research is needed to identify the cost
drivers for adults with PoDs.

INTRODUCTION

Paediatric-onset disabilities (PoDs) refer to
a group of congenital or acquired condi-
tions that originate at conception, during

Strengths and limitations of this study

» This is the largest study to date to examine health-
care utilisation and associated costs of adults with
different types of paediatric-onset disabilities.

» We examined the healthcare-related economic bur-
den after accounting for costly non-communicable
diseases that are more prevalent among adults with
paediatric-onset disabilities.

» This study leveraged administrative claims data, and
are therefore subject to limitations that are inherent
to claims data, such as inaccurate coding of medical
conditions.

» We were unable to determine specific cost drivers.

pregnancy or in childhood, and consist of
impairments in behavioural, intellectual
and/or physical functioning, or are asso-
ciated with abnormal developmental or
metabolic processes. While clinical care and
coordinated healthcare management (eg,
specialist referral) for children with PoDs
is a large focus of paediatric clinicians and
researchers, far less attention on the topic
has been given to these individuals as they
become adults. The complex healthcare
needs and health complications born out
of direct (eg, genetic) and resulting (eg,
delayed growth) consequences associated
with PoDs during growth and development
have lasting ramifications on the health
and functional status across the lifespan.
Research has shown that individuals with
PoDs are susceptible to early development
of chronic, non-communicable diseases
and early mortality,'™ thus placing a high
strain on the patients, caregivers and health-
care resources. Importantly, the population
of adults with PoDs is projected to expand
over the coming decades,'*® which may
lead to a noticeable increase in the national
healthcare economic burden, and should
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be considered an urgent public health issue. However,
healthcare resource utilisation and costs directly attribut-
able to adults with PoDs has not been extensively studied.

The current US healthcare system may not be
adequately prepared to care for adults with PoDs.'”*
To date, little is known about the natural trajectory of
adverse health complications across the lifespan for these
populations, best practices for coordinating healthcare
services between general physicians and specialists (eg,
paediatricians) and how to provide adequate resources
for preventive and treatment services to these popula-
tions. A comprehensive understanding of healthcare
resource utilisation and costs among adults with PoDs
is crucial for public health, healthcare policy reform
and implementing better clinical practice guidelines
for cost-effective care. Furthermore, understanding the
healthcare economic burden among atrisk populations
prior to reaching the elderly years could inform public
health efforts, policymakers and early patient and clinical
decision-making processes and strategies (eg, surgeries,
medications) to maximise comorbidity management
and prevention. Therefore, the primary aim of this study
was to characterise healthcare resource utilisation and
costs among young and middle-aged adults with PoDs,
as compared with young and middle-aged adults without
PoDs, before and after adjusting for costly comorbid
non-communicable diseases. We hypothesised that adults
with PoDs would have higher healthcare resource utilisa-
tion and costs compared with adults without PoDs, even
after adjusting for non-communicable diseases.

METHODS

Data source

Data were from the 2016 Clinformatics Data Mart Data-
base (Optumlnsight, Eden Prairie, Minnesota, USA),
which is a nationwide, de-identified single private payer
administrative claims database. This database contains
over l16million beneficiaries in 2016 who have either
commercial or Medicare Advantage health plans, and
includes all the inpatient, outpatient, pharmacy, emer-
gency visit, office visit and other ancillary service utilisa-
tion throughout their enrolment on the insurance plan.
Medicare beneficiaries can opt to enrol in a private Medi-
care Advantage health plan in lieu of participating in the
traditional public Medicare programme. Such plans can
offer extra coverage not available in the traditional Medi-
care programme, such as vision, hearing, dental and/
or health and wellness programmes. To be enrolled in a
private payer health plan, beneficiaries of any age, income
or disability status either pay for coverage or are covered
through their employer. Administrative claims data are
primarily used for billing reimbursement purposes, and
health conditions are identified using specific codes
attached to individual claims. Since data are de-identi-
fied, the University Institutional Review Board approved
this study as non-regulated.

Sample selection

Beneficiaries that were 18-64 years of age, had 12 full
months of continuous enrolment and had at least one
service utilisation in 2016 (to make a diagnosis of PoDs
and non-communicable diseases) were considered for
this investigation. Beneficiaries were excluded if they did
not have known data for sex (n=991, <0.01%). All PoDs
and non-communicable diseases were identified using
the International Classification of Diseases, Tenth Revi-
sion, Clinical Modification codes, and are presented in
online supplementary table 1. Since it is not possible to
determine if some conditions developed in childhood
or adulthood (eg, spinal cord injury, cancer), conditions
were included in the group representing PoDs if there
were known childhood origins. These conditions were
then grouped into the following PoD subcategories: PoDs
of the musculoskeletal system; PoDs of the circulatory
system; neurodevelopmental PoDs; PoDs of the urinary
system; PoDs of the respiratory system and digestive
system; PoDs of the nervous system; PoDs of the genital
organs; PoDs of malformations of the eye, ear, face and
neck and other chromosomal abnormalities.

Non-communicable diseases

Prevalent non-communicable diseases, as individual
dichotomous variables (present vs not present), were
ascertained by at least one medical claim in 2016, and
were selected with guidance from the literature on
disease, disability and mortality among adults.” * *'7°
Non-communicable diseases were represented as cate-
gories across multiple biological systems as follows: isch-
aemic heart diseases (eg, atherosclerotic heart disease);
cerebrovascular diseases (eg, cerebral infarction); hyper-
tensive and other cardiovascular diseases (eg, hyperten-
sion, heart failure); type 2 diabetes mellitus; malignant
cancer; osteoporosis; mood affective disorders (eg,
depression); chronic obstructive pulmonary diseases (eg,
emphysema); chronic kidney diseases (eg, kidney disease
stages I-V) and liver diseases (eg, cirrhosis).

Healthcare resource utilisation

Annual all-cause healthcare resource utilisation was iden-
tified using medical claims and was categorised into the
following service types: inpatient; outpatient, ambulatory
and other (herein referred to as ‘outpatient and other’);
emergency department and office. Specific services
per service category are presented in table 1. Measures
to assess healthcare resource utilisation included the
percentage of patients per group (with PoDs, without
PoDs) that had at least one service utilisation within each
service category, and the annual mean count of service
utilisation per group for each service category.

Healthcare costs

Annual all-cause healthcare costs were identified using
medical and outpatient pharmacy (herein referred to as
‘pharmacy’) claims, and were from the paid amounts of
adjudicated (final action) claims, which included insurer
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Table 1 Healthcare resource utilisation by service type

Healthcare service type

Level 1 description: level 2 description

Inpatient services

Outpatient, ambulatory and
other services

Facility inpatient: acute and rehab/skilled nursing facility; professional services: inpatient visits

Facility outpatient: outpatient facility diagnostic, laboratory, other, radiology and surgery;
professional services: allergy tests and injections, anaesthesia, consultations, diagnostic

testing, immunisations and injections, laboratory, mental health, obstetrics, pathology,
physical medicine/rehab, professional other, preventive medicine, radiology, surgery, vision,

hearing and speech

Emergency department
services

Office services

Facility outpatient: emergency room; professional services: emergency room

Professional services: office visits

and health plan payments and patient copayments,
deductibles and coinsurance. Total (medical+pharmacy),
medical and pharmacy all-cause healthcare costs were
represented as standardised reimbursement cost (ie, sum
of all health plan and patient paid amounts) and patient
out-of-pocket cost (ie, sum of copayment, deductible and
coinsurance).

Clinformatics Data Mart Database accounts for differ-
ences in pricing across health plans and provider contracts
by standardising cost field used algorithms that reflect the
allowed payments across all provider services. This allows
comparisons across patients, data sources and geographic
areas, and accounts for contractual payer and provider
differences. Price standardisation 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 Current Procedural Terminology
codes/Healthcare Common Procedure Coding System
for professional services, National Drug Codes for phar-
macy service or type of admission for inpatient stay.

Sociodemographic variables

Age, sex, ethnicity, education level, household annual
income and insurance coverage (ie, commercial only,
Medicare Advantage) were considered for risk adjust-
ment to differentiate the effect of potential confounders
from the effect of PoDs on the outcome.

Statistical analysis

To limit extreme values and to reduce the effect of possible
spurious outliers, winsorization of healthcare resource
utilisation data to the upper 99.0% was performed for
each service category.

Descriptive characteristics and healthcare resource
utilisation and cost measures were summarised using
mean+SD for continuous variables and percentage for
categorical variables. Group differences for healthcare
resource utilisation measures were examined using x” tests
for unadjusted analyses of binary data (eg, sex, education
level, non-communicable diseases). Generalised linear
models assuming a zero-inflated Poisson distribution (for
non-utilisation) and log-link function were performed for
count data (ie, number of visits per service type) to esti-
mate the ratio of means (exponentiated form of variable

estimate which represents a multiplicative effect on the
estimated mean count per one unit change in the explan-
atory variable?’ for explanatory variables (eg, PoD group),
while controlling for age, sex, education, insurance
coverage and all non-communicable diseases. As recom-
mended for healthcare cost data analysis,28 2 generalised
linear models with gamma distribution and log-link func-
tion were performed to estimate the CRs (exponentiated
form of variable estimate) for explanatory variables (eg,
PoD group), while controlling for age, sex, education,
insurance coverage and all non-communicable diseases.
For the generalised linear models, the main effect for
PoD group was interpreted. We adjusted the models for
the non-communicable diseases to determine the effect
of PoDs on the outcome beyond the presence of these
diseases, because they can incur excess healthcare utilisa-
tion and costs which may explain any differences in costs
between groups. Ethnicity and household annual income
were not initially included as covariates because of the
extent of unknown/missingness. However, because these
variables can be associated with healthcare delivery and
non-communicable diseases, we conducted a sensitivity
analysis using the fully adjusted generalised linear models
that included ethnicity and household annual income
to determine if these variables biassed the estimated CR
for group (reference: without PoDs) for healthcare cost
measures.

To determine whether there is variation in the effect of
different PoD categories, healthcare resource utilisation
and total cost measures were summarised using mean+SD
after stratifying the type of PoD (eg, musculoskeletal
system, neurodevelopmental). Comparisons between
each of the PoD categories with the sample without PoDs
were examined for healthcare resource utilisation and
cost measures using the same procedures and models
noted above.

Finally, to determine if age was differentially associated
with healthcare costs for adults with and without PoDs,
we examined the age (young, 18-40years; middle-aged,
41-64years) by group interaction for all individuals
with PoDs compared with the sample without PoDs, and
then for each of the PoD categories compared with the
sample without PoDs. The outcome measures were total
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standardised reimbursement costs and patient out-of-
pocket costs, as these were the primary outcome measures
of interest. If the interaction was significant, subsequent
analyses were performed after stratifying by age group.

All analyses were performed using SAS V.9.4 (SAS Insti-
tute, Cary, North Carolina, USA). Effect estimates were
reported as CRs with 95% CI, and p<0.05 (two-tailed) was
used to determine statistical significance.

Patient and public involvement
Patient were not directly involved in the design or conduct
of this study.

RESULTS

Descriptive characteristics of individuals with PoDs
(n=121446) and without PoDs (n=5 415 475) are
presented in table 2. Notably, individuals with PoDs had
a higher proportion enrolled in the Medicare Advantage
health plan compared with individuals without PoDs.
Furthermore, individuals with PoDs had higher preva-
lence of non-communicable diseases compared with indi-
viduals without PoDs, including: ischaemic heart disease
(8.7%, 3.5%); cerebrovascular disease (6.3%, 1.5%);
hypertensive or other cardiovascular disease (37.8%,
25.4%); type 2 diabetes (14.5%, 10.0%); malignant cancer
(6.6%, 3.8%); osteoporosis (3.4%, 1.3%); mood affective
disorders (20.8%, 11.0%); chronic obstructive pulmo-
nary disease (1.8%, 0.7%); chronic kidney disease (6.6%,
1.8%) and liver disease (7.3%, 2.9%) (all p<0.001).

Healthcare resource utilisation for adults with and without
PoDs

Individuals with PoDs had higher prevalence of patients
with at least one service used compared with individuals
without PoDs for inpatient visits (22.5% vs 7.0%), outpa-
tient and other visits (98.9% vs 94.8%), emergency depart-
ment visits (33.6% vs 18.6%) and office visits (96.4% vs
85.6%) (all p<0.001). Individuals with PoDs had greater
unadjusted annual mean count of service utilisation
compared with individuals without PoDs (presented as
mean+SD) for inpatient visits (1.0£2.4 vs 0.2+1.2), outpa-
tient and other visits (14.7+13.4 vs 7.14£8.9), emergency
department visits (0.6£1.1 vs 0.3+0.7) and office visits
(7.4£5.8 vs 3.8+4.2) (all p<0.001) (data not shown). The
higher service utilisation was present even after adjusting
for age, sex, education, insurance coverage and all
non-communicable diseases for each service category (all
p<0.001; online supplementary table 2).

Healthcare costs for adults with and without PoDs

Unadjusted annual all-cause healthcare costs for indi-
viduals with and without PoDs are presented in figure 1.
The standardised reimbursement costs (figure 1A) were
higher for individuals with PoDs compared with indi-
viduals without PoDs for total (mean difference=US$18
238; CR=3.16; 95% CI=3.13 to 3.18), medical (mean
difference=US$16 445; CR=3.39; 95% CI=3.36 to 3.42)

Table 2 Descriptive characteristics and prevalence of non-
communicable diseases among adults (aged 18-64 years)
with and without PoDs

PoD Without PoD
(n=121446) (n=5 415 475)
Point Point
estimate estimate P value
Descriptive characteristics
Age, mean (SD) 443 (13.6) 43.8(12.9) <0.001
18-40years, % 38.8 40.3
41-64years, % 61.2 59.7
Sex, % <0.001
Female 55.6 53.8
Male 44.4 46.2
Ethnicity, % <0.001
White 55.7 53.4
Black 7.9 7.4
Hispanic 8.3 9.4
Asian 3.0 4.3
Unknown/missing 25.0 25.5
Education, % <0.001
Less than high school 0.4 0.5
High school diploma 251 24.0
More than high school 71.9 73.5
Unknown/missing 2.6 2.1
Household annual income <0.001
(US$), %
<40K 15.2 131
40K-59.9K 9.9 10.0
60K-99.9K 19.0 20.0
>100K 32.6 34.1
Unknown/missing 23.4 22.8
Insurance coverage, % <0.001
Commercial only 78.9 93.4
Medicare Advantage 211 6.6
Non-communicable diseases
Ischaemic heart disease, % 8.7 85 <0.001
Cerebrovascular disease, % 6.3 1.5 <0.001
Hypertensive/other 37.8 254 <0.001
cardiovascular disease, %
Type 2 diabetes, % 14.5 10.0 <0.001
Malignant cancer, % 6.6 3.8 <0.001
Osteoporosis, % 3.4 1.3 <0.001
Mood affective disorders, % 20.8 11.0 <0.001
Chronic obstructive 1.8 0.7 <0.001
pulmonary disease, %
Chronic kidney disease, % 6.6 1.8 <0.001
Liver disease, % 7.3 29

PoD, paediatric-onset disability.

and pharmacy (mean difference=US$1793; CR=1.95;
95% CI=1.93 to 1.97) costs. The patient out-of-pocket
costs (figure 1B) were higher for individuals with PoDs
compared with individuals without PoDs for total (mean
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Figure 1

Annual mean all-cause total, medical and pharmacy standardised reimbursement costs (A) and annual mean

all-cause total, medical and pharmacy patient out-of-pocket costs (B) among adults (aged 18-64 years) with and without

paediatric-onset disabilities (PoDs).

difference=US$1069; CR=1.88; 95% CI=1.86 to 1.89),
medical (mean difference=US$937; CR=1.96; 95%
CI=1.95t0 1.98) and pharmacy (mean difference=US$132;
CR=1.39; 95% CI=1.38 to 1.40) costs.

Annual all-cause standardised reimbursement health-
care costs after adjusting for age, sex, education, insur-
ance coverage and non-communicable diseases are
presented in table 3. Individuals with PoDs had higher
total (CR=2.32; 95% CI=2.30 to 2.34), medical (CR=2.47;
95% CI=2.45 to 2.49) and pharmacy (CR=1.65; 95%
CI=1.63 to 1.66) standardised reimbursement costs.
All-cause patient out-of-pocket healthcare costs after
adjusting for age, sex, education, insurance coverage
and non-communicable diseases are presented in table 4.
Individuals with PoDs had higher total (CR=1.65; 95%
CI=1.64 to 1.66), medical (CR=1.72; 95% CI=1.71 to 1.73)
and pharmacy (CR=1.30; 95% CI=1.29 to 1.31) patient
out-of-pocket costs. The sensitivity analysis revealed that

ethnicity and household annual income did not affect
the results (n=3 545 206) for total (CR=2.35; 95% CI=2.33
to 2.38), medical (CR=2.48; 95% CI=2.45 to 2.50) and
pharmacy (CR=1.79; 95% CI=1.76 to 1.81) standardised
reimbursement costs, or for total (CR=1.62; 95% CI=1.61
to 1.64), medical (CR=1.68; 95% CI=1.67 to 1.70) and
pharmacy (CR=1.34; 95% CI=1.32 to 1.35) patient out-of-
pocket costs.

Healthcare resource utilisation and costs by PoD category

Unadjusted healthcare resource utilisation for each
PoD category is presented in online supplementary
table 3. After adjusting for age, sex, education, insur-
ance coverage and non-communicable diseases, all PoD
categories had higher healthcare resource utilisation
compared with individuals without PoDs (all p<0.001),
except for PoDs of the genital organs for inpatient visits
(p=0.44) and PoDs of malformations of the eye, ear, face
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Table 3 Annual adjusted cost ratios (CR) for total, medical and pharmacy standardised reimbursement costs for year 2016
among adults (aged 18-64 years) with and without paediatric-onset disabilities (PoDs)

Total

Medical

Pharmacy

CR (95% Cl)

CR (95% Cl)

CR (95%Cl)

With PoDs (ref: without PoDs)
Age (continuous)

2.32 (2.30 t0 2.34)
1.00 (1.00 to 1.00)
Sex (ref: female) 0.75 (0.75 t0 0.76)
Education (ref: less than high school)
High school diploma 1.10 (1.08 to 1.12)
More than high school 1.13 (1.11 to 1.15)
Unknown/missing 1.04 (1.03 to 1.06)
Insurance coverage (ref: commercial only) 1.49 (1.48 to 1.49)
Non-communicable diseases (ref: without)
Ischaemic heart disease 2.00 (1.99 to 2.01)
Cerebrovascular disease 2.05 (2.03 to0 2.07)
Hypertensive/other cardiovascular disease 1.58 (1.57 to 1.58)
Type 2 diabetes 1.38 (1.38 to 1.39)
Malignant cancer 3.48 (3.46 to 3.50)
Osteoporosis 1.59 (1.58 to 1.61)
)

1.85 (1.83 to 1.87)

2.92 (2.90 to 2.94)

)

2.38 (2.37 t0 2.40

(
(
(

Mood affective disorders 2.03 (2.02 to0 2.04
Chronic obstructive pulmonary disease (
(

Chronic kidney disease
Liver disease

2.47 (2.45 to 2.49)
1.00 (1.00 to 1.00)

0.71 (0.71 to 0.71)

1.06 (1.05 to 1.08)
1.07 (1.05 to 1.09)
1.02 (1.00 to 1.04)
1.26 (1.26 to 1.27)

2.25 (2.24 to 2.27)
2.31 (2.29 to 2.33)
1.62 (1.62 to 1.63)
1.21 (1.20 to 1.21)
3.79 (3.77 to 3.81)
1.54 (1.52 to 1.55)
2.05 (2.04 to 2.06)

(

(

1.65 (1.63 to 1.66)
1.02 (1.02 to 1.02)
1.10 (1.10 to 1.10)

1.32 (1.29 to 1.35)
1.55 (1.52 to 1.58)
1.39 (1.36 to 1.42)
2.42 (2.40 to 2.43)

1.20 (1.19 to 1.21)
1.13 (1.12 to 1.14)
1.24 (1.23 to 1.24)
1.96 (1.95 to 1.97)
2.19 (2.18 to 2.21)
1.81 (1.79 to 1.83)
1.82 (1.81 to 1.83)

1.95 (1.92 to 1.98) 1.48 (1.46 to 1.51)
3.41 (3.38 to 3.44) 1.60 (1.58 to 1.62)
2.44 (2.42 to 2.46) 1.98 (1.96 to 2.00)

Generalised linear models with gamma distribution and log-link function were performed to estimate the CR and 95% ClI, which is the

exponentiated form of the parameter estimate n=5536921.

and neck for emergency department visits (p=0.33).
Unadjusted all-cause total healthcare costs for each PoD
category are presented in figure 2. After adjusting for
age, sex, education, insurance coverage and non-com-
municable diseases, all PoD categories had higher stan-
dardised reimbursement costs and patient out-of-pocket
costs (all p<0.001).

Age by group interaction for healthcare costs for all adults with
PoDs and by PoD category

There were significant age group (18-40years;
41-64years) by group (with PoDs; without PoDs) inter-
actions for all individuals with PoDs and for each of the
PoD categories for total standardised reimbursement
and patient out-of-pocket costs (all p<0.001). After strati-
fying by young and middle-aged, all individuals with PoDs
and each PoD category had higher CRs compared with
individuals without PoDs, with the magnitude of the CR
suggesting costs may be greater for young than middle-
aged individuals with PoDs (online supplementary file 4).

DISCUSSION

The principal finding of this investigation is that young
and middle-aged privately insured adults with PoDs had
higher healthcare resource utilisation across all medical
services, and higher all-cause healthcare costs compared

with young and middle-aged privately insured adults
without PoDs. These findings were evident across all
PoD categories when compared with individuals without
PoDs. Moreover, the differences in costs were greater for
younger than middle-aged adults with PoDs, and for each
PoD category, compared with adults without PoDs. While
previous studies examining adverse health complications
among populations with PoDs have suggested earlier
screening strategies for disease prevention and health-
care management,3 Y the findings from the current study
could inform decision-making processes regarding private
health benefit plan design and healthcare resource allo-
cation for services and treatments by administrators and
policymakers.

In the current study, we found substantial mean differ-
ences for all-cause healthcare costs and large unadjusted
CRs for the standardised reimbursement and patient
out-of-pocket costs between individuals with and without
PoDs. After adjusting for sociodemographics, insurance
coverage and the presence of several costly non-commu-
nicable diseases, total standardised reimbursement costs
were still 2.3 times higher and patient out-of-pocket costs
were 1.7 times higher for individuals with PoDs compared
with individuals without PoDs. These results suggest a
few things. First, costly non-communicable diseases only
account for a small portion of the excess healthcare costs
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Table 4 Annual adjusted cost ratios (CR) for total, medical and pharmacy patient out-of-pocket costs for year 2016 among
adults (18-64 years) with and without paediatric-onset disabilities (PoDs)

Total

Medical

Pharmacy

CR (95% Cl)

CR (95% Cl)

CR (95% Cl)

With PoDs (ref: without PoDs)
Age (continuous)
Sex (ref: female)
Education (ref: less than high school)
High school diploma
More than high school
Unknown/missing
Insurance coverage (ref: commercial only)
Non-communicable diseases (ref: without)
Ischaemic heart disease
Cerebrovascular disease
Hypertensive/other cardiovascular disease
Type 2 diabetes
Malignant cancer
Osteoporosis
Mood affective disorders
Chronic obstructive pulmonary disease

1.65 (1.64 to 1.66)
1.00 (1.00 to 1.00)

0.80 (0.80 to 0.81)

1.23 (1.21 to 1.24)
1.26 (1.24 to 1.28)
1.17 (1.15 to 1.19)
0.81 (0.81 to 0.81)

1.54 (1.53 to 1.55
1.46 (1.44 t0 1.47
1.34 (1.34 to 1.35
1.24 (1.24 to 1.24
1.78 (1.77 t0 1.79

1.64 (1.63 to 1.64
1.45 (1.44 to 1.47

1.72 (1.71 t0 1.73)
1.00 (1.00 to 1.00)

0.79 (0.79 to 0.79)

1.06 (1.05 to 1.08)
1.05 (1.04 to 1.07)
1.04 (1.02 to 1.06)
0.70 (0.70 to 0.70)

1.64 (1.63 to 1.65
1.61 (1.60 to 1.63
1.27 (1.27 to 1.27
1.10 (1.10 to 1.10

1.58 (1.58 to 1.59
1.53 (1.51 to 1.55

1.30 (1.29 to 1.31)
1.02 (1.02 to 1.02)

0.91 (0.91 to 0.91)

1.35 (1.33 t0 1.37)
1.63 (1.61 to 1.66)
1.55 (1.53 to 1.58)
1.31 (1.30 to 1.31)

1.22 (1.21 to 1.22
1.01 (1.00 to 1.01
1.40 (1.40 to 1.40
1.63 (1.63 to 1.64
1.16 (1.15to0 1.16

1.69 (1.68 to 1.69
1.23 (1.22 to 1.25

Chronic kidney disease
Liver disease 1.61

1.45 (1.44 to 1.46

( )
( )
( )
( )
( )
1.28 (1.27 to 1.30)
( )
( )
( )
(1.60 to 1.62)

( )
( )
( )
( )
1.93 (1.92 to 1.94)
1.27 (1.26 to 1.29)
( )
( )
( )
(

1.66 (1.65 to 1.67
1.74 (1.73 t0 1.75)

1.16 (1.15t0 1.16

( )
( )
( )
( )
( )
1.29 (1.28 to 1.30)
( )
( )
( )
1.14 (1.13 to 1.14)

Generalised linear models with gamma distribution and log-link function were performed to estimate the CR and 95% ClI, which is the

exponentiated form of the parameter estimate: n=5536921.

attributable to PoDs; however, there may be other costly
diseases not examined in this study that are more preva-
lent among individuals with PoDs. Second, the findings
that patient out-of-pocket costs were elevated for individ-
uals with PoDs compared with individuals without PoDs,
but to a lesser extent than for standardised reimburse-
ment costs, suggests that health plans are accommodating
some, but not all, of the medical needs by individuals with
PoDs. This is supported by the higher prevalence of Medi-
care Advantage health plans among individuals with PoDs
compared with individuals without PoDs (21.1% vs 6.6%).
Furthermore, the CR for Medicare Advantage was higher
compared with commercial alone for standardised reim-
bursement costs, but lower for patient out-of-pocket costs
for the entire sample, suggesting greater cost reduction
plans. Nevertheless, identifying and delineating other
‘cost drivers’ for populations with PoDs is needed.

The sample size for the group with PoDs was very large,
which allowed us to examine healthcare resource utilisa-
tion and costs after stratifying by the type of PoD, with
sample sizes ranging from 5518 (PoDs with chromosomal
abnormalities) to 33566 (PoDs of the musculoskeletal
system). Our analyses suggest that all PoD categories
have higher healthcare resource utilisation and costs
compared with adults without PoDs. Moreover, there
was a considerable range of excess healthcare utilisation

and costs across PoD categories. In general, PoD catego-
ries with the highest healthcare resource utilisation and
costs were PoDs of the urinary, circulatory, respiratory
and digestive and nervous systems. While different types
of PoDs should not be assumed to have the same set of
health complications, as most have very specific aetiolo-
gies and comorbidities, there are overlapping risk factors
across various types of PoDs that may impede healthful
transition into and throughout adulthood, thus leading
to similar health outcomes and healthcare needs. These
factors may manifest as a direct consequence of the
condition (eg, impaired executive functioning) or as an
indirect consequence of a condition (eg, chronic pain,
low societal integration). On the other hand, individuals
with specific PoDs may be more susceptible to certain
adverse health outcomes and reliantly on specific health-
care services. For example, children and adolescents with
PoDs have higher prevalence of mental health disorders
compared with the general population of children,” '
but the prevalence is greater among children and adoles-
cents with neurodevelopmental PoDs than nervous
system PoDs.” * Future research is needed to parse out
the PoD-specific factors contributing to excess healthcare
utilisation and costs to lessen the healthcare economic
burden attributable to various PoDs.
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>

$40,000 $35,952 $36,538
$32,576
& $29,922
% $30,000 A
~ $23,192 $23,268
Z $22,720 620005
w2
g 3200001 $15,867
E
E $10,000 —$8a464
s
[e)
(@\] $O _
5 > £ & & ¥ &
&QO ﬁ‘g@ 4’ & é\@& 45 o8 %\6 cﬁé& Q‘Qg é& q}\\\
Q \% B Q ﬁ% ‘% o N xb,o (@
&P &S S \4@ SRS
$ %\éa &‘D’ b‘zﬁ 0,00 ' @g} %@é 6@ ae‘b' \%Q
o & ¢V &
S O ) &S
%\0 .{8‘0 0@0
@%Q\ C&
$3,000 ~ $2.582
$2,497 $2,530
& $2,234 $2,283 $2,310
N
2 $2,000 - 51,826 §1.732 51,828
S $1,157
=
é $1,000 -
<
e
[e)
o $0
> ° & )
<{oQ & é@é\ & & & & & Q@ae o
N S 53 & & e & & J >
P > 5 3 S ¢ > o &
& F o & TS
¥ N ¥ & & %@é & T F
S & & o8 &
F N & &
< g
& &

Figure 2 Annual mean all-cause total standardised reimbursement costs (A) and annual mean all-cause total patient out-of-
pocket costs (B) among adults (aged 18-64 years) with and without paediatric-onset disabilities (PoDs), stratified by the type of
PoD. Individuals may have more than one PoD and can be represented across multiple PoD categories. All PoD categories had
higher costs compared with individuals without PoDs after adjusting for age, sex, education, insurance coverage and several

non-communicable diseases (all p<0.001).

A major strength of the study included the large sample
size for adults with PoDs. Gathering data on clinical
populations is challenging and very little is known about
health disparities among individuals with PoDs across
the lifespan. Another major strength of this study is the
comprehensive assessment of several costly non-commu-
nicable diseases which allowed for cost adjustment.

The limitations of the study must also be discussed.
First, it is important to note that the findings from the
current investigation are likely underreporting the
extent of healthcare resource utilisation and costs associ-
ated with US populations with PoDs. To be enrolled with
a private health insurance plan, individuals must be able
to afford the costs or be covered through their employer,
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their parents (up to 26years of age) or their spouse. Indi-
viduals with PoDs tend to have lower employment and
marriage rates compared with the general population,”
which is likely to be more problematic with more medi-
cally complex forms of PoDs. Furthermore, individuals
with more severe forms of PoDs are likely to be covered,
or co-covered, by public health insurance due to medical
circumstances. Therefore, our sample of adults with PoDs
likely reflects a higher functioning and healthier segment
of the US population with PoDs™; however, this is only
speculation. Second, the present study excluded individ-
uals that did not have service utilisation in 2016, which
may have biassed results. However, these excluded indi-
viduals that had insurance coverage may be somewhat
healthier since they did not require a medical encounter
in 2016, thus potentially biassing results in the present
study to be more conservative estimates. Third, data were
from a single year and longer study periods and longitu-
dinal research designs could provide more robust find-
ings and implications for research, practice and policy.
Fourth, we were only able to adjust for a limited set of
covariates, and we are unable to rule out other poten-
tial confounding factors. Fifth, we used a single claim
to identify PoDs and non-communicable diseases. Vali-
dation studies tend to show that two or more claims for
a medical condition improves ability to identify individ-
uals with that condition.” ** However, single claim-based
algorithms using claims data have moderate-to-high posi-
tive predictive value (~80%) and high sensitivity (99%)
to detect PoDs,” and moderate-to-high sensitivity (up
to 99%) and specificity (up to 87%) to detect a variety
of costly non-communicable diseases,”” * although the
accuracy of medical condition identification using claims
data depends on the length of the study period® and the
condition examined.”*** Given the short study period
of 12months to extract data and the large and robust
effect sizes, the selected methodology to identify associa-
tions is likely sufficient to provide evidence of health and
economic disparities.

In conclusion, young and middle-aged adults with PoDs
have higher healthcare resource utilisation and costs
compared with young and middle-aged adults without
PoDs. These higher costs come along with higher out-of-
pocket burden, which can affect the individual’s financial
well-being, thus further contributing to health disparities.
The elevated healthcare costs were evident even after
adjusting for several costly non-communicable diseases
that are more prevalent among populations with PoDs.
Furthermore, each PoD category had higher healthcare
resource utilisation and costs compared with individ-
uals without PoDs. Future research is needed to identify
specific cost drivers for the healthcare economic disparity
for individuals with PoDs, and by the type of PoD, as well
as year-to-year healthcare costs, which may provide insight
into the long-term financial burden. Future research is
also needed to develop algorithms and strategies for
disease and cost prediction for these populations, which
may significantly enhance preventive and personalised

medicine, improve healthful ageing and reduce long-
term costs."!
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