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Abstract

Objectives: Accurate estimates of ASD-associated medical costs are essential for predicting
future care needs, allocating resources, identifying best practices, and modelling cost-
effectiveness. Most existing studies either employed subjective cost data and/or ascertained ASD
using self-reported or ICD-coded diagnoses. Such ascertainment is especially problematic for
identifying milder ASD among older individuals never diagnosed with ASD.

Methods: This 1976-2000 population-based birth-cohort study was set in Olmsted, County, MN.
ASD cases and age- sex-matched unaffected controls were identified by applying uniform
operational-research criteria for ASD (using DSM-1V-TR guidelines) following rigorous review of
provider-linked medical and public/private/home-school records available for all members from
birth to maximum age 21 years. Medical-cost estimates for the 901 case-control pairs used line-
item provider-linked billing data (including all payers) from 2003-2014 (ages 3-38 years). Out-
patient pharmaceutical costs were unavailable. Temporal changes in diagnostic criteria/clinical
practice/public awareness/access were addressed by separating analyses into 5-year age-group/4-
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year calendar-period cells. Unadjusted and adjusted (age and age plus co-occurring conditions)
cost estimates were provided for cases, controls, and case-control differences. Additional factors
(co-occurring conditions/percent hospitalized/intellectual disability) were investigated using
unadjusted descriptive analyses.

Results: Cell sample sizes ranged 93-402 for age-groups 3-19 years and 45-395 for age-groups
20-38 years. Unadjusted, age-adjusted, and fully-adjusted medical-costs were significantly higher
for cases versus controls in 100% of cells for age-groups 3—19 years; and in 50% (unadjusted),
38% (age-adjusted), and 12% (fully-adjusted) of cells for age-groups 20-38 years.

Conclusions: These unique estimates can help inform construction of cost-effectiveness models,
decisions by payers/providers/policy-makers, and predictions of lifetime costs.

Précis:
Uniform operational-research criteria for identifying ASD during childhood plus objective
medical-costs provide reliable overall and incremental medical-cost estimates for ages 3 through
38 years.

INTRODUCTION

Autism Spectrum Disorder (ASD) affects a broad range of individuals across multiple
domains (personal/educational/societal/etc.),12 each with considerable economic
consequences.13-18 While non-healthcare costs contribute most of the economic burden,
1.3,5,16,18,19 hymerous cost-of-illness investigations reveal autism is also associated with
substantially higher direct-medical costs;36:7-14 published estimates vary widely, with cases
2- to 10-fold higher than controls.”-11.14 Differences also exist regarding contributions of
age and co-occurring conditions.3-512.14.15.20 Between-study variability reflects disparate
questions/rationales/audiences. Patient and cost-data sources differ depending on the
perspective (society, government-insurer/private-insurer/provider/employer/individual). The
choice between prevalence versus incidence data depends on whether short-term or lifetime
estimates are desired. Consideration of controls and/or adjustment for co-occurring
conditions differs depending on whether overall- or incremental-costs are preferred,21:22

Between-study differences can also reflect data limitations. Few investigations contained
both objective cost estimates and reliable case-ascertainment. Cost estimates derived from
self/parental report of service type and frequency are subject to participation and recall bias.
24 While more objective cost estimates were afforded using administrative data, the vast
majority of such studies relied solely on International Classification of Diseases (ICD)
discharge diagnosis codes?® for ASD case-ascertainment.

Use of ICD-diagnosis codes for identifying autism may be problematic, especially for
adults.26-38 While autism is largely considered a condition of childhood,3? autism-
associated health issues, disability, and service needs can continue throughout adulthood.
336,37 Despite increasing awareness of the need for cost data on older individuals,36:40-45
very few studies on ASD-associated medical costs include primary data collected on adults.
The shortage reflects that individuals now in their mid-30s were age 3-years >3 decades ago,
before explicit diagnostic criteria were broadly applied, awareness was heightened, and
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service-availability increased. The Diagnostic and Statistical Manual (DSM) is the primary
source of explicit criteria for assigning clinical diagnoses of mental conditions. First mention
of autism as a distinct DSM diagnosis was in 1980.46 Before this date, children presenting
with autistic characteristics were often assigned diagnoses such as childhood schizophrenia
or mental retardation (now termed intellectual disability). DSM criteria for pervasive
developmental disorder, not otherwise specified (PDDNOS) and Asperger’s disorder were
not introduced until 1987 and 1994 respectively.4748

Diagnostic substitution, expanded criteria, and greater awareness increase the likelihood that
adult individuals who exhibited signs and symptoms that met criteria for ASD as children
may have never received an ICD-code specific to ASD.26 This potential for detection bias
also affects case-ascertainment based on, “Have you/your child ever received a diagnosis of
autism?” The present study used resources and approaches described below, in an effort to
provide objective, essentially complete ASD-associated direct medical-cost estimates with
minimal potential for referral, detection, recall, or participation bias.

METHODS
Study Design/Setting

Resources

This retrospective population-based birth-cohort study was set in Olmsted County, MN,
(2010 census 144,248) and was approved by Mayo Clinic and Olmsted Medical Center
(OMC) Institutional Review Boards (IRB) and the Rochester Epidemiology Project (REP)
Cost and Utilization Committee.

REP: Rochester, MN, (the Olmsted County seat) is approximately 80 miles from the nearest
major metropolitan area and home to Mayo Clinic, a large tertiary-care referral center. Thus,
essentially all medical care received by local residents is provided by either Mayo Clinic or
OMLC, a second group practice, and their affiliated hospitals.49 A unique identifier is
assigned each patient seen at Mayo and other medical providers, including OMC and most
private practitioners in the area. REP affords vital status and residency status for all County
residents for all dates 1965-present.>0 REP provider-linked medical records contain line-
item detail from every contact for each individual.>1:52

REP Cost Data Warehouse (CDW): Through a data-sharing agreement between Mayo
Clinic and OMC, patient-level administrative data on all billed services are shared, archived,
and available for use in approved research studies. Data include date, type, frequency, and
billed-charge for every item or service provided each individual, regardless of age or payer
type (including the uninsured). Using widely-accepted valuation techniques for
administrative claims data developed by the Patient Outocmes Research Team (PORT),53 an
algorithm was previously developed to generate standardized inflation-adjusted cost
estimates, with a nationally-representative dollar cost assigned each line item.54:55 Costs for
this study were adjusted to 2014 dollars. Costs for over-the-counter medications, outpatient
prescription medications, home- and long-term care, and behavioral therapy provided by the
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very few private-practice psychologists/sociologist not affiliated with Mayo Clinic or OMC
are not included. A detailed description of the costing methodology is provided elsewhere.56

Independent School District (ISD) #535 School Records: A contractual agreement
between ISD #535 school board and Mayo Clinic IRB affords access for approved research
studies to the cumulative grade- and high-school records of all birth cohort children
registered at any of the 43 public, parochial, and private schools, including home-schooled
students and students who subsequently left due to relocation, graduation, or death.>’
Conditions/procedures for using school records follow Minnesota Law concerning data
privacy [M.S.13.32,subd.3(f)] and Federal Law concerning disclosure of personally-
identifiable information from educational records without prior consent [(34CFR99.31(a)(6)
(i)(c)]- Records include results of cognitive and achievement tests (both those administered
by a clinician and those administered within the classroom setting); Individualized
Education Program reports and Educational Disability Classification (EDC) codes; and
school outcomes (e.g. dropout, expulsion, absenteeism, graduation status). Records also
include notes related to any type of learning difficulty or performance/behavior concern
documented by teachers/parents/school psychologists/physicians/social workers/school
nurses and counselors, or in correspondence with private tutorial/therapeutic facilities.>’

Olmsted County Birth Cohort: The Olmsted County Birth Cohort includes all 43,215
live births from 1/1/1976-12/31/2000 born to mothers who were Olmsted County residents
at time of delivery.>” In accordance with Minnesota state privacy law--statute 144.335, the
3,325 individuals (7.7%) who subsequently denied authorization for use of medical records
in research®8 were excluded from review, leaving 39,890 children. The target population for
ASD identification was limited to 31,220 individuals (78%) remaining in Olmsted County
on or after age 3 years, when social, communication, and behavioral ASD-like problems can
be recognized with more certainty.3? All 31,220 individuals were followed retrospectively in
REP medical and ISD #535 school records from birth until earliest of relocation outside
Olmsted County, death, or age 21 years to identify those who met ASD research criteria
(ASD-R).

identification

As described in detail elsewhere,3®> ASD-R case identification followed criteria outlined in
DSM Fourth Edition, Text Revision (DSM-I1V-TR)>? and encompassed autistic disorder,
Asperger’s disorder, and PDDNOS. The rigorous epidemiologic approach to identifying all
ASD-R incident cases among the 31,220 birth-cohort members involved multiple sources of
information within REP medical records and ISD #535 school records. The effort was led by
a team of experts including a senior child psychologist, two developmental pediatricians, a
speech/language pathologist, and an MD epidemiologist with 20-years expertise researching
childhood developmental and behavioral disorders. The effort consisted of four main steps.
Step one involved electronically obtaining all ICD-codes from medical records and EDC
codes from school records assigned each individual from birth to age 21 years that were
relevant to neurodevelopmental/psychiatric disorders (NPD) for which signs/symptoms
overlapped with core social, communicative, and behavioral features of ASD and/or
commonly coexisted with ASD. The codes were categorized into NPD clusters (e.qg.,
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childhood psychosis, developmental/cognitive, speech/language, non-psychosis childhood
psychiatric clusters) (Supplement, Figure 1).3 Individuals with >1 ICD- or EDC-code
within one or more clusters were defined as an NPD case (N=4,301). Based on various
combinations of ICD- and EDC-codes, the NPD cluster profile, and a priori relative
likelihood of harboring true ASD cases, 1,766 of the 4,301 individuals were further
identified in Step two as meeting criteria for “potential ASD” (PASD). In Step three, PASD
cases’ medical/school records were manually reviewed by trained abstractors under close
supervision by team members. Abstractors carefully read all documentation within pertinent
sections from birth to age 21 years. Using a systematic, multi-staged process, detailed
protocols, and an extensive Data Dictionary (developed by the research team), abstractors
identified descriptive phrases within the records that mapped to any of the 58 ASD signs/
symptoms contributing to the 12 DSM-IV-TR criteria.>® In Step four, research-team
members reviewed the collected information and applied clinical expertise and judgement to
exclude initially identified cases whose problems/symptoms likely resulted from other
conditions, e.g. psychosis, bipolar disorder, major depression. In total, 1,056 individuals
were ultimately determined to have met ASD-R criteria.3>

Study Sample

Due to relatively recent changes in costing methodologies within the REP Cost Data
Warehouse applied retrospectively from 2003 forward,8 this study of ASD-associated
medical costs was limited to 901 ASD-R cases who, as of 1/1/2003, remained in Olmsted
County and had not refused research authorization. For each case, one non-ASD control was
randomly selected from all 1976—2000 birth-cohort members who 1) was of same sex, birth
year, and birth date (+ 60 days), 2) was an Olmsted Count resident as of 1/1/2003, 3) was
last seen at a REP-provider within £2 years of the case’s last visit date before 12/31/2014, 4)
had not refused research authorization,>8 and 5) had not met criteria for ASD-R. Analyses
were limited to these 901 matched-pairs.

Data Collection

Each member of the 901 case-control pairs was followed in the Cost Data Warehouse for all
REP-provider encounters from 1/1/2003 until earliest of relocation outside Olmsted County,
death, date of last encounter, or study end (12/31/14). To ensure similar lengths of
observation for both members of a pair, follow-up was truncated at earliest end of follow-up
for either member. To reduce confounding by temporal changes in ASD criteria, awareness,
practice style, and/or costing methodologies, analyses were divided into three calendar
periods (2003-2006, 2007-2010, and 2011-2014) and seven age groups (0—4, 5-9, 10-14,
15-19, 20-24, 25-29, and 30-38), totaling 21 unique cells. Data were analyzed separately
for each age-group/calendar-period cell. Individuals were partitioned into each cell based on
birth date, age at start of each calendar-period, and date of last follow-up. Supplement,
Figure 2 provides examples of partitioning for three hypothetical individuals. Given the
matching process, length of observations within each cell were essentially the same for both
members of each matched-pair.

To adjust analyses of medical costs for non-ASD medical/psychiatric conditions, we used
Johns Hopkins Adjusted Clinical Groups (ACG) System® software® to assign Resource
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Utilization Band (RUB) summary measures of overall-morbidity.51 A RUB value was
assigned each individual for each age-group/calendar-period cell, using clinical diagnoses
assigned within 12-months before cell entry. To avoid over-adjustment, ASD-specific codes
and codes associated with (or substituting for) ASD were excluded from the RUB
calculation (see Figure Legend).

Separate descriptive analyses were conducted to analyze direct-medical costs as a function
of 1Q among ASD-R cases. Information on 1Q was abstracted from medical/school records
as part of a previous investigation of 1Q that was limited to ASD-R cases.3> Analyses in the
present study were limited to 760 of the 901 ASD-R cases for whom either documented 1Q
scores or an ICD code for intellectual disability were available. Cases were categorized as
low 1Q (<85) versus average/higher 1Q (=86), based on their last full-scale 1Q score obtained
between ages 3 and 21 years; persons without 1Q scores but with an ICD-code for
intellectual disability were categorized as low IQ.

Statistical Methods

Analyses were performed using SAS version 9.4 software package (SAS Institute, Inc; Cary,
NC). Unadjusted costs were analyzed within each cell for cases and controls separately and
for cost-differences between each control and his/her matched case. Statistical significance
of unadjusted case-control differences for costs and RUB values were assessed using the
two-sided Wilcoxon signed rank test given the skewed nature of these outcome distributions.
Unadjusted case-control comparisons for percent with =1 inpatient hospitalization in each
cell used the exact two-sided McNemar’s test. Unadjusted comparisons between ASD-R
cases with 1Q <85 versus =86 for medical costs within each cell used a two-sided Wilcoxon
rank-sum test.

To estimate incremental costs, we used generalized linear multivariate modeling adjusted for
age at cell entry in one model and, in a second model, additionally adjusted for the RUB
overall-morbidity measure, using diagnoses 12-months before cell entry. These adjusted
approaches employed two-part models to account for zero costs when appropriate, °362 and
incorporated a generalized linear model with family distribution based on the modified Park
test recommended by Manning and Mullahy.53 These approaches account for the skewed
cost distribution while enabling coefficients to be directly back-transformed into the original
dollar scale.5485 We analyzed cost differences between ASD-R cases and controls using the
method of recycled predictions, setting all individuals as ASD-R cases or as controls, while
keeping all other individual characteristics constant.66:67 Bootstrapped 95% confidence
intervals of the mean differences were calculated based on 1,000 bootstrap samples.

Tests of statistical significance were limited to within-cell comparisons, i.e., those with
independent observations. As shown in Supplementary Figure 2, individuals transitioned
across cells with advancing age and calendar year; thus, independent observations were lost
for across-cell comparisons; tests of significance were not conducted. Statements regarding
across-cell differences were based on visual comparisons of point-estimate trends and are
referred to as ‘visually-observed’ throughout the text.
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RESULTS

The 901 case-control pairs from the 1976-2000 birth cohort included in this study (74%
male) were followed for outcomes from 1/1/2003 through 12/31/2014 (ages 3 through 38
years). Table 1 provides frequency counts and % male after partitioning each ASD-R case
into age-group/calendar-period cells. No individuals met age-group/calendar-periods criteria
for four of the 21 cells, leaving 17 cells for analysis. Table 1 values for age- and sex-
matched non-ASD controls were the same as for cases. For the nine cells with age-groups 3-
19 and eight cells with age-groups 20-38, the number of matched-pairs within each cell
ranged from 93-402 and 45-395 respectively. Case-control comparisons for RUB measures
of overall-morbidity (Figure) revealed RUB values were significantly higher for ASD-R
cases than controls in 100% of cells for age-groups 3—-19 and 50% of cells for age-groups
20-38. Table 2 compares ASD-R cases with controls within each cell for percent with =1
inpatient hospitalization. The proportion hospitalized was significantly greater for cases
versus controls in seven of nine cells (78%) for age-groups 3—-19 and one of eight cells
(12%) for age-groups 20-38. Table 3 provides unadjusted direct-medical costs for ASD-R
cases and controls; unadjusted costs were significantly higher for cases versus controls in
100% of cells for age-groups 3—19 and 50% of cells for age-groups 20-38. Table 4 provides
predicted-mean costs for ASD-R cases and controls and predicted-mean-cost differences
(cases minus controls). When adjusted for age alone, predicted-mean-cost differences
reached statistical significance (i.e., 95% CI values excluded zero) in 100% of cells for age-
groups 3-19 and 3 of 8 cells (38%) for age-groups 20-38. When additionally adjusted for
RUB overall-morbidity, point-estimates for predicted-mean-cost differences each appeared
visually lower than point-estimates adjusted for age alone, but cost-differences remained
significantly higher for cases versus controls in 100% of cells for age-groups 3—-19 and one
of eight cells (12%) for age-groups 20-38. It is cautioned that between-age-group
differences in significance levels (Figure, Tables 2—-4) could reflect generally smaller sample
sizes for older versus younger age groups. Table 5 compares medical costs for ASD-R cases
with low versus average/higher 1Q. While visually-observed comparisons of point-estimates
for predicted-mean costs appeared greater for low versus average/higher 1Q in 15 of 17 cells
(88%), between-category differences reached statistical significance in only eight of 17 cells
(47%).

DISCUSSION

This population-based longitudinal study benefited from both objective cost estimates and
uniform application of rigorous research criteria for identifying ASD-R cases and age- sex-
matched non-ASD controls. To help address temporal changes in diagnostic criteria/practice
styles/public awareness, etc., analyses for each outcome were divided into 17 age-group/
calendar-period cells. Analyses of direct-medical costs within the nine cells for age-groups
3-19, revealed case-control mean-cost ratios (mean-costs for cases divided by mean-costs
for controls) within each cell ranged from 1.7-5.3, 1.6-3.5, and 1.4-3.6 for unadjusted, age-
adjusted, and adjusted for age plus co-occurring conditions respectively; case-control cost
differences reached significance in 100% of cells for each analysis type. Analyses of direct-
medical costs within the eight cells for age-groups 20-38 revealed case-control mean-cost
ratios ranged from 0.8-2.3, 0.9-1.9, and 0.7-1.8 for unadjusted, age-adjusted, and adjusted
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for age plus co-occurring conditions respectively; the percentages of cells with significant
case-control differences were 50% (unadjusted), 38% (age-adjusted), and 12% (adjusted for
age plus co-ccurring conditions). Visual comparisons between age-groups and between
unadjusted and adjusted findings suggest that ASD incremental-medical costs decline with
adulthood, perhaps reflecting transition from ASD-specific treatment among youth toward
treatment of co-occurring conditions among adults.

Results of ASD-associated direct-medical costs for age-groups 3—-19 were generally
consistent with published findings for children/adolescents.”-%-11.13.15 Relatively fewer
reports of ASD-associated medical-costs exist for adults. ASD-associated lifetime medical
costs were calculated by Ganz1® and Buescher et al.3 using synthetic-cohort designs. Ganz
reported ASD incremental-medical costs decreased with each year of age from $44,446 at
age 3 to $835 at age 66.1° Buescher et al. reported medical costs attributable to ASD were
much higher for adults than for children;3 adult medical costs were calculated using
published medical-cost estimates for psychiatric encounters among ASD cases age 3-20
years* and applying the assumption that medical costs for ages =18 were 1.5 times those for
ages 6-17.3

Very few studies of ASD-associated medical costs collected primary data on adults.
Shimabukuro et al.’s study of privately-insured individuals ages 1-21 years found
incremental-medical expenditures for ASD were highest for ages 1-4 and lowest for ages
11-17.11 Vohra et al.12 reported Medicaid enrollees age 22—-64 with ASD had higher
medical costs compared to propensity-matched controls. Zerbo et al.14 found medical costs
for Kaiser Permanente members age =18 with ASD were nearly double those for age- sex-
matched controls. While differences between our and previous findings for adult medical
costs may reflect our relatively smaller sample sizes, each study of ASD-associated medical
costs among adults cited above relied on either self-reported or ICD-coded diagnoses for
identifying autism. As noted in Introduction, such case-ascertainment is potentially biased
toward more severe, sicker cases;26-38 the potential may be greater for adults.26:28.29

Strong associations between ASD and several selected medical/psychiatric conditions were
reported previously for both youth and adults.10:12.20.37.69-73 preyijous findings for children/
adolescents are consistent with our finding that RUB overall-morbidity was significantly
greater for cases versus controls in 100% of cells for ages 3—19. Our finding that case-
control differences reached significance in only 50% of cells for ages 20-38 differs
somewhat from previous adult findings. Differences between age-groups in our study and
differences between our and previous adult findings may both reflect our study’s relatively
smaller sample sizes for older individuals. Between-study differences may also reflect
differences in sample selection, case-ascertainment, and aims. The perspective for some
previous adult-studies was the economic burden for Medicaid or hospitalized populations.
12,30.37 Almost all adult studies cited above relied on self-reported or ICD-coded diagnoses
for ASD case-ascertainment; the potential diagnostic bias toward more severe, sicker cases
may be greater for Medicaid or hospitalized populations.58 Most previous studies of co-
occurring conditions among persons with ASD intentionally focused on certain select
medical/psychiatric conditions, with an aim toward identifying ASD associations that might
inform treatment and/or reveal common pathways.37:69-73 Because our aims included
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estimating ASD-incremental costs, we followed Valderas et al.’s suggestion that summary
measures consisting of multiple conditions and empirically-derived weights may have
greater utility for case-mix adjustment in cost-of-illness studies,’# and we used RUB overall-
morbidity.

Some,”:9:10.75.76 byt not all,>8:12.77 studies of ASD-associated hospitalizations found higher
hospitalization rates for persons with versus without autism. Of cited studies, higher rates
forASD cases were found for five’:2:10.75.76 of seyen®7:8.9.10.75.76 that included children, and
one’® of threel275.77 that included adults. Similar’” or lower2 hospitalization rates for
adults with ASD versus controls were found by Nicolaidis et al.”” and Vohra et al.12 Among
persons with ASD, Lokhandwala et al.”® found hospitalization rates were lower for ages >21
versus ages 10-20. We found significantly higher hospitalization rates for cases versus
controls in 78% of cells age 3-19 and 12% of cells age 20-38. Visually-observed age-
associated trends in hospitalizations appeared steady and marked for controls and more
irregular and smaller for cases. While greater age-associated increases in hospitalization
rates for controls versus cases could contribute to lower case-control differences for adults
versus youth found by us and others;’> smaller sample sizes for older versus younger
individuals may have also contributed to present-study findings. Further investigations are
needed to understand factors responsible for ASD-associated hospitalizations and the
contribution of hospitalizations to ASD-associated medical costs for children and adults.”®

The prevalence of intellectual disability is greater for persons with versus without ASD.18
Buescher et al.3 reported mean annual medical costs among U.S. youth with ASD were ~2-
fold higher for those with versus without intellectual disability. Interpretation of our visual
observation that point-estimates of mean-medical costs in Table 5 appeared much greater for
ASD cases with low versus average/higher 1Q in 14 of 17 cells (82%), but only seven cells
(41%) reached statistical significance is limited in part by small sample sizes and loss of
within-cell matching between cases for sex and length-of-follow-up that resulted from
division of cases into two groups. Further studies of intellectual disability and ASD-
associated medical costs are needed, especially for adults.

Study strengths/limitations

The present study had access to a large population-based birth cohort and detailed
information contained in essentially complete medical and school records for each cohort
member.57 ASD-ascertainment was based on DSM-1V-TR® criteria using a multi-staged
process and labor-intensive systematic record review.3> Because we attempted to apply
DSM-IV-TR>? case criteria uniformly from birth to age 21 years for each member of the
1976 through 2000 birth cohort, and costs were estimated from 2003 (minimum age = 3)
through 2014 (maximum age = 38), findings address the serious shortage of medical-cost
estimates among adults who met operational research criteria for autism as children. Both
overall and incremental estimates of direct-medical costs were provided; incremental
estimates were conducted using matching and regression approaches. National average
dollar costs were assigned for essentially all direct-medical services, including all payers/
providers and the uninsured. Autism signs/symptoms are typically clinically-detectable
around 3-years of age; for this study, we considered all individuals who met ASD-R criteria
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as an ASD case as of age 3; individuals were followed longitudinally, with censoring, from
minimum age 3-years to maximum age 38-years; ASD-associated medical costs over that
age range could (with more effort) be calculated.

The present study has several limitations. No estimates were provided for informal/indirect
medical care or non-health-care use, each recognized as contributing substantially to the
ASD economic burden.3518 Medical costs excluded over-the-counter medications, and
outpatient-prescription medications. Previous studies reveal markedly higher prescription-
medication costs for persons with versus without ASD.”-12 Costs excluded home-health- and
long-term-care services and behavioral therapy administered by the very few psychologists/
sociologists not affiliated with Mayo or OMC. No estimates were afforded for middle-aged
or elderly individuals.

Estimates were for a single population (86% white in 2010). Compared with Minnesota and
all other upper mid-west states, Olmsted County residents exhibit similar age-, sex-, and
racial-distributions, and similar mortality and chronic-disease rates, but higher income and
education.”® Low racial diversity and higher income/education levels, and the fact that
medical care is delivered by few providers, could compromise generalizability of findings to
different racial and socioeconomic groups and different health-care environments, 758081

ASD Identification was based on DSM-IV-TR®? rather than more recent DSM-582 criteria.
Baio et al.80 used the Autism and Developmental Disabilities Monitoring (ADDM) Network
surveillance system.8! to compare DSM-5 and DSM-IV-TR criteria for ASD prevalence and
characteristics. ADDM applies DSM-IV-TR criteria using an approach for ASD case-
ascertainment similar to that used in the present study. Baio et al. concluded the number and
characteristics of children meeting DSM-IV-TR ASD criteria were similar to those for
children meeting DSM-5 criteria, overall and when stratified by sex, race/ethnicity,
diagnostic subtype, and level of intellectual ability.80

Conclusions/Implications

The importance of understanding the economic burden of autism among adults is
increasingly recognized.1®:36:40-45 The uniform application of rigorous research criteria for
identifying ASD and the objective estimates of ASD-associated medical costs from ages 3
through 38 years provided here can help refine predictions of future care needs and inform
decisions by individuals/providers/payers/policymakers regarding resource allocation,
treatment options, and various proposals for health care delivery and/or reimbursement.

Several important questions remain. The present study provides descriptive estimates of
ASD-associated medical costs for ages 3—38 years. Cost-effectiveness studies and economic
modeling await further investigation to determine if costs are appropriate, too low, or too
high for the benefit gained. If higher medical costs for younger ASD cases versus controls
observed here and in other studies are unnecessarily high, where might efforts toward cost-
reduction be focused? Do the relatively smaller case-control differences in medical costs
observed here for older age groups reflect reductions in care-seeking behavior, changes in
the type of care needed, reduced access, or unmet needs.16.77:83 Future studies are needed,
both to confirm or reject findings presented here, and that also include estimates of medical-
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costs collected on middle-aged/elderly individuals who meet research criteria for ASD.
Improving the quality-of-life for persons of all ages with autism and their care-givers will
require additional data on informal/indirect costs, unmet care needs, and patient satisfaction.
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Refer to Web version on PubMed Central for supplementary material.
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HIGHLIGHTS

Reliable accurate estimates of both overall and incremental ASD-associated
direct-medical costs are needed to predict future care needs, allocate
resources, identify best practices, and model cost-effectiveness. Few ASD
cost-of-illness studies had simultaneous access to both objective cost data and
ASD case-ascertainment beyond self-reported or ICD-coded diagnoses. Most
available estimates are focused on children and/or adolescents; few studies
obtained primary data on adults.

This population-based 1976—2000 birth-cohort study identified ASD cases
and age- sex-matched non-ASD controls by applying uniform operational-
research criteria (based on DSM-IV-TR guidelines) following review of
provider-linked medical and public/private/home-school records from birth to
maximum age 21 years. Provider-linked administrative data, including all
payers, afforded objective medical-cost estimates (ages 3 to maximum 38
years) for 901 case-control pairs. Analyses of case-control medical-cost
differences included unadjusted, age-adjusted, and adjusted for age plus co-
occurring conditions. Temporal changes were addressed by separating
analyses into approximately 5-year age-group/4-year calendar-period cells.

Consistent with published findings for children/adolescents, incremental-
medical costs were significantly higher for cases versus controls in 100% of
cells for age-groups 3-19 years. However, differing from suggestions that
case-control medical-cost differences increased with adulthood, we observed
significant case-control differences in incremental costs for only 12% of cells
for age-groups 20-38 years. This study provided objective overall and
incremental-medical cost estimates for persons age 3—38 years who met
standardized case-criteria during childhood, included unaffected controls and
relevant measures of co-occurring conditions, and considered temporal
changes in diagnostic criteria/practice styles/public awareness.
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Figure.
Distribution of the RUB summary measure of overall-morbidity for research-identified ASD

ASD-R) cases and age- sex-matched controls in each age-group/calendar-period cell

Bar graph comparing ASD-R cases with non-ASD controls within each age-group/calendar-
period cell for the distribution of Resource Utilization Band (RUB) summary measures of
overall-morbidity within 12-months before cell entry. Given that individuals were born
1/1/1976 through 12/31/2000 and followed from 1/1/2003 through 12/31/2014, no
individuals met age-group criteria for four cells, and no individuals were <3 years of age in
the age group 0-4 years for calendar period 2003-2006. RUB values were assigned using
Johns Hopkins Adjusted Clinical Groups (ACG) System® software.0 ACG software first
categorizes an individual’s ICD-9-CM-coded diagnoses based on persistence, severity, and
etiology of the condition; diagnostic certainty; and need for specialty care. RUB values are
then assigned based on aggregations of ACGs with similar expected resource use; 0 — Non-
users; 1 — Healthy Users; 2 — Low Morbidity Users; 3 — Moderate Morbidity Users; 4 — High
Morbidity Users; 5 — Very High Morbidity Users.51 To avoid over-adjustment, ASD-specific
diagnosis codes (i.e., autistic disorder, early infantile autism, infantile autism, PDDNOS,
autism spectrum disorders, Asperger’s disorder) as well as codes associated with (or
substituting for) ASD, (e.g., childhood psychosis; developmental cognitive disabilities and
developmental delay; ASD-associated speech and language impairments; childhood
psychiatric, non-psychoses) were excluded from the RUB calculation (i.e., were allowed to
contribute to ASD-incremental costs).
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Table 1.

Page 18

Of the 901 research-identified ASD (ASD-R) cases (74% male), the total number of cases and % male after

partitioning into age-group/calendar-period cells. " The total number and % male in each cell were the same for
the 901 age- and sex-matched non-ASD controls.

Calendar period

Age group (years) 2003-2006 2007-2010 2011-2014

) * A A
34 93 (73.1%) 7 - -
5-9 303 (74.6%) | 135 (71.9%) _
10-14 384 (76.6%) | 357 (74.5%) | 180 (71.7%)
15-19 375 (74.4%) | 402 (76.1%) | 355 (74.4%)
20-24 186 (71.5%) | 336 (72.9%) | 395 (74.9%)
25-29 57 (64.9%) 149 (70.5%) | 259 (70.3%)
30-38 U 45 (64.4%) | 114 (64.9%)

Abbreviations: ASD, Autism Spectrum Disorder.

fFor each individual, date of cell entry and exit was based on their birth date, age specific to the calendar period, and final follow-up date.

*
Given that the birth cohort ended as of 12/31/2000, no individuals were <3 years of age within the age group 0-4 years for calendar-period 2003—

2006.

Ak
Given that individuals were born 1/1/1976 through 12/31/2000 and followed from 1/1/2003 through 12/31/2014, no individuals met age-group

criteria for these cells.
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Table 2.

The number (proportion) of research-identified ASD (ASD-R) cases and matched controls with at least one

inpatient hospitalization in each age-group/calendar-period cell

No. (%) with at least one inpatient hospitalization

Calendar period / Age group (years) No. of matched pairs p-valuei
ASD-R cases Matched controls
2003-2006
3_4* 93 7 (7.5%) 1(1.1%) 0.070
5-9 303 33 (10.9%) 10 (3.3%) <0.001
10-14 384 44 (11.5%) 11 (2.9%) <0.001
15-19 375 59 (15.7%) 34 (9.1%) 0.007
20-24 186 33 (17.7%) 25 (13.4%) 0.29
25-29 57 10 (17.5%) 15 (26.3%) 0.30
* Ak _— _— _— _—
30-38
2007-2010
b _— _— _— _—
3-4
5-9 135 12 (8.9%) 4 (3.0%) 0.077
10-14 357 26 (7.3%) 11 (3.1%) 0.017
15-19 402 46 (11.4%) 27 (6.7%) 0.030
20-24 336 38 (11.3%) 35 (10.4%) 0.79
25-29 149 23 (15.4%) 11 (7.4%) 0.029
30-38 45 7 (15.6%) 12 (26.7%) 0.30
2011-2014
*ok _— _— _— _—
3-4
Ak _— _— _— _—
5-9
10-14 180 32 (17.8%) 16 (8.9%) 0.020
15-19 355 51 (14.4%) 15 (4.2%) <0.001
20-24 395 44 (11.1%) 28 (7.1%) 0.056
25-29 259 35 (13.5%) 31 (12.0%) 0.68
30-38 114 14 (12.3%) 17 (14.9%) 0.69

Abbreviations: ASD, Autism Spectrum Disorder

fFor each individual, date of cell entry and exit was based on their birth date, age specific to the calendar period, and final follow-up date.
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iObtained using exact McNemar’s test for comparing correlated proportions.

*
Given that the birth cohort ended as of 12/31/2000, no individuals were <3 years of age within the age group 0-4 years for calendar-period 2003—
2006.

Ak
Given that individuals were born 1/1/1976 through 12/31/2000 and followed 1/1/2003 through 12/31/2014, no individuals met age-group criteria
for these cells
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