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Abstract

Objective: To determine the effect of the Early Start Denver Model (ESDM) for treatment of
young children with autism on health care service use and costs.

Method: We used data from a randomized trial that tested the efficacy of the ESDM, which is
based on developmental and applied behavioral analytic principles and delivered by trained
therapists and parents, for 2 years. Parents were interviewed about their children’s service use
every 6 months from the onset of the intervention to follow-up (age 6 years). The sample for this
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study consisted of 39 children with autism who participated in the original randomized trial at age
18 to 30 months, and were also assessed at age 6 years. Of this sample, 21 children were in the
ESDM group, and 18 children were in the community care (COM) group. Reported services were
categorized and costed by applying unit hourly costs. Annualized service use and costs during the
intervention and post intervention for the two study arms were compared.

Results: During the intervention, children who received the ESDM had average annualized total
health-related costs that were higher by about $14,000 than those of children who received
community-based treatment. The higher cost of ESDM was partially offset during the intervention
period because children in the ESDM group used less applied behavior analysis (ABA)/early
intensive behavioral intervention (EIBI) and speech therapy services than children in the
comparison group. In the postintervention period, compared with children who had earlier
received treatment as usual in community settings, children in the ESDM group used less ABA/
EIBI, occupational/physical therapy, and speech therapy services, resulting in significant cost
savings in the amount of about $19,000 per year per child.

Conclusion: Costs associated with ESDM treatment were fully offset within a few years after
the intervention because of reductions in other service use and associated costs.

Clinical trial registration information: Early Characteristics of Autism; http://
clinicaltrials.gov/; .

Keywords

autism; cost; use; Early Start Denver Model; early intervention

Autism spectrum disorder (ASD) is a neuro-developmental condition that emerges in early
childhood and often is associated with lifelong disability and substantial economic cost to
families, health service delivery systems, and society.12 Early intervention services have
been promoted as an important strategy to reduce future disability and associated costs.3->
Several reviews and meta-analyses have concluded, based on a large body of research, that
early intensive intervention is associated with significant improvements in behavioral
outcomes, including improvements in the domains of cognitive, language, social/emotional
development, perceptual/fine motor development, and gross motor development.>8 Expert
consensus and a smaller body of literature suggest that the earlier treatment begins, the
better the clinical outcome.®

Although early intervention programs vary in their approach, most are characterized by a
low child—staff ratio and involvement and coaching of parents and caregivers.? Usually,
treatment is implemented intensively (i.e., 15-25 hours per week) for 2 years or more.10-12
Due to treatment intensity and duration, early intervention is expensive, with estimated
annual costs of $40,000 to $80,000.13

Some payers, including health care insurers and state and local early intervention systems,
have balked at these costs.1* In response, a number of studies have attempted to estimate the
long-term clinical and economic gains associated with successful early intervention, finding
a positive economic return on investment over the course of the individual’s life,13:15.16
These studies are based primarily on simulated data, however, and make many untested
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assumptions regarding the extent to which clinical gains observed immediately after
treatment will translate into reduced service use and increased community participation in
ways that mitigate costs.1’ To our knowledge, only one published study comprises an
individual-level, empirical economic evaluation of an ASD intervention, based on a
randomized trial from the United Kingdom.18

Researchers, interventionists, advocates, and policy makers increasingly seek economic data
alongside clinical data to show the value of adopting autism treatments.18:1° Although
evaluations of cost should by no means be the only or even the primary metric by which
treatment usefulness is measured, considerations of treatment affordability are important for
setting priorities and for ensuring that adequate resources are in place to support standard
treatment models. This metric also is useful as new treatments are developed and compared
with existing treatments.

The present study estimated the potential cost offset of one such early intervention program
for children with ASD, the Early Start Denver Model (ESDM). Similar to many of the most
recent generation of manualized, tested early interventions with demonstrated efficacy,
ESDM is a comprehensive, naturalistic, developmental behavioral intervention for children
with ASD who are 12 to 60 months of age. ESDM uses teaching strategies based on applied
behavior analysis (ABA) that are delivered in a naturalistic, relationship-based context.20 A
randomized trial demonstrated that children beginning ESDM by 30 months of age who
were offered 20 hours per week for 2 years along with parent coaching had substantial gains
in cognitive, language, social abilities, and adaptive behavior relative to children receiving
treatment as usual in the community.21-23 Data concerning service use were collected from
parents of trial participants during the trial and for up to 2.5 years after treatment. Although
these data were not collected for economic evaluation and therefore do not contain
information about the many indirect costs associated with raising a child with autism such as
the impact on parental time, they provide a unique resource with which to evaluate the
potential cost offset of the intervention—that is, the extent to which the intervention reduces
subsequent use of other services. These data allow evaluation of the relative service use and
associated costs in two groups: a group that received a manualized early intervention,
including parent coaching, which was provided by trained paraprofessionals and supervised
by skilled professionals, and a group that received treatment as usual in the community. We
analyzed data from the ESDM randomized controlled trial evaluating this intervention
versus usual care to determine whether ESDM treatment resulted in reduced health care
service use and costs within the study period.

Setting and Sample

ESDM is a comprehensive, naturalistic developmental behavioral intervention for infants
through preschool-aged children with ASD that integrates naturalistic ABA principles with
developmental and relationship-based approaches.24 In this 2-year clinical trial, post-
baccalaureate paraprofessionals who were trained to provide therapy and supervised by
doctorate-level clinicians delivered the intervention. In addition, parents were offered
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weekly or biweekly coaching sessions on the use of naturalistic strategies during daily
activities.

The study procedures and participants are described in Dawson er a/2122 In brief, 48
children between 18 and 30 months of age who were diagnosed with ASD or pervasive
developmental disorder—not otherwise specified (PDD-NOS) using gold-standard diagnostic
methods were randomly assigned to either ESDM or usual community care (COM) available
in the greater Seattle area. The ESDM group received yearly assessments, an average of 15
hours per week of therapist-delivered ESDM intervention and parent coaching. Parents were
offered 20 hours per week of intervention but received 15 because of illnesses, vacations,
and other logistical constraints of the family’s schedule. Parents documented use of
naturalistic behavioral strategies at home for 5 or more hours per week, in addition to
whatever community services the parents chose. The COM group received yearly
assessments, intervention recommendations, and referrals to available community
intervention providers.

Participants were recruited through pediatric practices, birth-to-three centers, preschools,
hospitals, and state and local autism organizations. Children with a history of issues such as
significant vision, hearing, or motor impairment, serious traumatic brain injury, major
physical anomalies, genetic disorders associated with ASD (e.g., Fragile X syndrome),
seizure disorder, or prenatal drug exposure were excluded. Inclusion criteria included age
<30 months at entry, meeting criteria for ASD on the Toddler Autism Diagnostic Interview,
25 meeting criteria for autism or ASD on the Autism Diagnostic Observation Schedule,26 a
clinical diagnosis based on DSM-/V criteria using all available information,27 residing
within 30 minutes of the University of Washington, and willingness to participate in a >2-
year intervention. This sample was assessed at baseline and at 1 and 2 years after
randomization, coinciding with the end of ESDM intervention. Long-term follow-up was
conducted when participants were 6 years of age. These time points will be referred to as
baseline, 1-year, 2-year, and age-6 assessments, respectively. The present study uses data on
the 39 children who participated in the original randomized control trial?® and also were
assessed at age 6 years.21 Of this sample with longitudinal data, 21 children were in the
ESDM group and 18 were in the COM group.

and Costs

Parents were interviewed about their children’s service use every 6 months from enrollment
to final follow-up (age 6 years). At each interview, parents were asked to characterize the
child’s use of all medical and behavioral health treatments, therapy provided by allied health
professionals, and special education and typical/general education services that were used
since the last interview. Records include the week that each service was received, average
hours of that service in that particular week, and service type.

Services were grouped into the following categories: ESDM, ABA/EIBI (early intensive
behavioral intervention), general education (for children <5 years of age, daycare-type
typical class; for children >5 years of age, school-based typical class), OT/PT (occupational/
physical therapy), social skills training, special education, speech therapy, and other
miscellaneous (biomedical therapy, music therapy, parent-focused therapy, nutritional
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therapy, counseling/psychological services). We define “total health-related service use” to
be the sum of all use of these services except general education. Because general education
services also are used by typically developing children and could be considered a desirable
outcome, we report their use and cost separately from other services.

Services were then costed by applying hourly unit costs. Service prices in the United States
vary greatly both across and within geographic regions28; a uniform unit price for each
service is not available. A number of sources were used to obtain service unit costs. For
ESDM costs, we worked with the intervention developers to identify and categorize costs.
We identified personnel needs (paraprofessional, team leader, training professional,
clinician, and administrative coordinator) for delivering ESDM treatment to 24 children for
20 hours per week for 2 years and estimated the cost of intervention sessions on the basis of
the national average salary of the personnel, and employer costs (employee benefits, 40% of
the salary). We assumed that all personnel were employed full time for 2 years (intervention)
and 2 months (training), except for the training professional (PhD psychologist) who
provided training for the team leaders for 2 months before the intervention. The hourly cost
of ESDM was calculated as $80/h (in 2015 dollars), and included cost of personnel,
transportation, overhead (10%), materials, and supplies.

Other unit costs were obtained from published sources,2%-3! national surveys (Medical
Expenditure Panel Survey),32 local service providers, and government departments for
school costs. Calculated unit costs for other services are: ABA/EIBI: $70/h, general
education: for age <5 years $10/h; for age =5 years $35/h, OT/PT: $70/h, social skills
training: $85/h, special education: $30/h, speech therapy: $85/h, other miscellaneous: $50/h
(an average cost of services that constitute other miscellaneous services). All these unit costs
are in 2015 dollars. Since the study spanned several years (2003 through 2011), all costs
were adjusted for inflation using consumer price index conversion factors33 and expressed in
2015 US dollars, and discounted back to the first year of the study using a discount rate of
3%.

Service use and costs were compared within two observation periods. The intervention
period included all service use that occurred from the onset of the intervention to the 2-year
assessment, including the ESDM use. The postintervention period included all service use
that occurred from the 2-year assessment to the age-6 assessment. Our data confined us to
adopting a payer perspective (as opposed to a societal perspective), in which we focused on
direct health care and education costs.

Statistical Analysis

We constructed annualized service use and costs within each period (intervention,
postintervention) for each child. Annualized use for a specific service type was constructed
by summing all hours for that service type that occurred during the study period
(intervention, postintervention); dividing this sum by the number of months that the child
was observed during this study period; and then multiplying the result by 12. Annualized
costs were obtained similarly for each service type.

JAm Acad Child Adolesc Psychiatry. Author manuscript; available in PMC 2020 February 09.
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We compared average annualized service use and costs during the intervention and
postintervention periods across study arms. Because both hours and cost data were highly
skewed, the statistical significance of differences in mean annual hours and costs were
estimated via bootstrapping, which is recommended in the cases of skewed data
distributions34:35 and for small sample sizes.3¢ We report mean annualized service use and
costs in each period for each study arm, and 95% bias-corrected confidence intervals for the
use and cost differences and their pvalues (reported in the text), based on the bootstrap
estimation.

Sample characteristics are reported in previous studies?122 and were replicated in this study:
The ESDM and COM groups did not differ at baseline in severity of autism symptoms,
chronological age, 1Q, sex, or adaptive behaviors, nor were there baseline group differences
for the subgroup of children who completed the 2-year assessment.2122 In addition, 9
children lost to age-6 assessment and 39 children included in the sample of this study did not
differ in demographic characteristics of age, sex, race, and ethnicity at baseline (all pvalues
>.05). Furthermore, those lost to follow-up did not differ at baseline or the 2-year
assessment in 1Q, severity of autism symptoms, or adaptive functioning (behaviors, all p
values >.05; Fisher exact test for categorical variables; Kruskal-Wallis test for continuous
variables).

At age-6 assessment, participating children were on average 6 years of age (mean = 72.9
months, SD = 2.6 months), and 72% were of white race/ethnicity. The sample consisted of 9
girls and 30 boys. Mothers were on average highly educated, with only 13% reporting no
college, 23% reporting some college, and 64% reporting college completion. The ESDM and
COM groups did not differ with regard to maternal education (ESDM: 62% college
graduate, 28% some college, 10% no college; COM: 70% college graduate, 18% some
college, 12% no college; Xz = 0.63, p>.50). Median annual household incomes between the
groups also did not differ (ESDM $90,000, COM $85,000; Wilcoxon rank-sum test, W =
152.5, p> .50). These findings suggest successful randomization; hence, the estimated
models do not include sample characteristics as covariates.

Average age was 23 months at intervention initiation, 52 months at the year-2 assessment,

and 73 months at the age-6 assessment. The intervention period analysis characterizes use

and costs that span ages 2 to 4 years; the postintervention period analysis characterizes use
and costs that span ages 4 to 6 years on average. Table 1 reports the analysis results.

Period Service Use and Costs

During the intervention period, total health-related average annual service hours were not
significantly different between the ESDM and COM groups (913 versus 755, 95% CI for
difference = -101,417). The ESDM group had on average 661 hours of ESDM treatment
hours per year. The ESDM group used on average 107 hours of ABA/EIBI per year, and this
was significantly lower than the COM group’s ABA/EIBI use (490 hours per year, 95% ClI
for difference = —593, —172). The ESDM group used fewer speech therapy (64 versus 121,
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95% ClI for difference = —113, —1) and general education hours (319 versus 481, 95% CI for
difference = —301, —22) per year than the COM group.

During the intervention period, total health-related average annual service costs were not
significantly different between the ESDM and COM groups ($60,369 versus $45,975, 95%
ClI for difference = —1525, 30314). Average annual ESDM treatment cost was $45,580.
Average annual ABA/EIBI costs for the ESDM group, from community sources outside of
the ESDM treatment, were $6,306, and these were significantly lower than the COM group’s
ABAV/EIBI costs ($29,554 per year, 95% CI for difference = -35798, —1069). The ESDM
group incurred lower speech therapy costs ($4,636 versus $8,758, 95% ClI for difference =
-8188, -56) and general education costs ($2,863 versus $4,271, 95% ClI for difference =
—-2662, —155) per year than the COM group.

Postintervention Period Service Use and Costs

During the postintervention period, total health-related average annual service hours were
less for the ESDM group than for the COM group, but the difference was not statistically
significant (676 versus 961, 95% CI for difference = -606, 36). Compared with the COM
group, the ESDM group had significantly fewer ABA/EIBI hours (187 versus 327, 95% ClI
for difference = —276, —-3), fewer OT/PT hours (47 versus 90, 95% CI for difference = -84,
-1), and fewer speech therapy hours (52 versus 94, 95% CI for difference = -75, -9).

During the postintervention period, total health-related annual service costs were
significantly lower for the ESDM group ($31,962 versus $50,969, 95% CI for difference = -
$36,154, —$1,860). Compared with the COM group, the ESDM group incurred significantly
lower ABA/ EIBI costs ($11,798 versus $20,589, 95%CI = —$17,388, —$192), lower OT/PT
costs ($2,959 versus $5,653, 95% ClI for difference = -$5,337, -$52), and lower speech
therapy costs ($4,010 versus $7,199, 95%CI for difference = —$5,745, —$633).

DISCUSSION

In this study of the cost offsets associated with early intensive delivery of ESDM, we found
that during the intervention period, children who received the ESDM had average annualized
total health-related costs that were higher by about $14,000 than those of children who
received community-based treatment, although this difference did not reach statistical
significance. The higher cost of ESDM was partially offset during the intervention period
because children in the ESDM group used fewer hours of other types of ABA/EIBI and
speech therapy services than children in the comparison group. In the postintervention
period, compared with children who had earlier received treatment as usual in community
settings, children in the ESDM group used fewer hours of other types of ABA/EIBI, OT/PT,
and speech therapy services, resulting in significant cost savings in the amount of about
$19,000 per year per child. This finding suggests that costs associated with early intensive
ESDM treatment were fully offset within a few years after the intervention because of the
reductions in other service use and associated costs.

Postintervention decrease in use and associated costs for other types of ABA/EIBI, as well
as OT/PT and speech therapy services for the ESDM group, may be attributed to the positive
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effects of the ESDM treatment on child outcomes. Research on the efficacy and
effectiveness of the ESDM showed substantial gains in cognitive, language, and social
abilities, and adaptive behavior relative to children receiving treatment as usual in the
community, which are sustained in all areas 2 years posttreatment.?1-23.37 Reduced use of
other forms of ABA/EIBI, OT/PT, and speech therapy hours for the ESDM group likely
reflects the reduced need for these therapies due to better child outcomes.

Several factors could underlie the decreased use and associated costs for other types of
ABAVJEIBI, speech therapy, and general education services for the ESDM group during the
intervention period. First, ESDM may have ameliorated some of the impairments that may
lead to the need for these services. Second, the ESDM may have addressed the needs these
therapies would otherwise address; hence, the parents substituted the ESDM treatment for
these therapies. This is likely to be the case for the ABA/EIBI and speech therapy services.
Third, the time costs associated with the ESDM (ESDM may have largely consumed free,
waking time of the young toddlers) may have precluded the feasibility of using other
services. This is likely to be the case for the general education services category, comprising
mostly daycare services, in this age group.

We estimated per year per child cost of ESDM as $45,580. The only other estimate of the
ESDM treatment cost, to our knowledge, comes from a Canadian study, which estimated the
cost to be $50,487 in 2013 Canadian dollars per year per child ($49,835 in 2015 US dollars).
38 This similarity provides confidence in our estimate, as do estimates of service costs
($40,000-$80,000) from other studies of the costs of intensive 1:1 early intervention.13:15.16
Although more detailed costs analysis for different settings and populations are warranted,
this initial analysis of the ESDM treatment suggests that it is possible to provide high-
quality, evidence-based intervention for young children with ASD within the cost parameters
described in previous estimates for such services.

To our knowledge, this is the first study to report individual-level economic data from a
clinical trial of an autism treatment in the United States, and it is unique in its analysis of the
effects of early intervention based on parental recollection of use and best estimates of
spending as opposed to simulated estimates. The study results can serve as a benchmark for
further studies related to service needs for preschool-aged children. A strength of our study
is the rarely available data from the 2-year follow-up period. In addition, being able to
analyze service use measures in conjunction with cost enabled us to obtain a clearer picture
of the changes that drove the observed cost offset.

A number of study limitations should be mentioned. First, the statistical power to identify
significant differences between study groups with respect to some cost categories was low,
given the sample size in this study. Second, we estimated only service use, and did not have
measures of the other costs that have been shown to drive total costs among children with
ASD, especially the indirect costs associated with caregiving.3? The ESDM demands a
higher level of parental involvement due to parent coaching sessions, which implies
significantly higher caregiver time costs. Productivity losses due to such caregiver time costs
have been shown to be an important component of societal costs of ASD31:39; these costs
should be considered when evaluating benefits of the ESDM. Third, service use was based
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on parent/caregiver report (rather than record review) and was collected every 6 months,
raising concerns about recall bias, although we have no reason to believe that recall would
differ across the two study arms. Fourth, the cost of intervention was retrospectively
assessed via inputs from the intervention developers, rather than concurrent with its
implementation, which could affect the reliability of our estimates. The similarity of our
estimates of others from other groups increases our confidence, however. Fifth,
generalizability of the service use and cost estimates are likely directly related to the
generalizability of estimates of intervention efficacy. More specifically, participating
families from both the ESDM and community care groups may have received higher-quality
intervention than they would otherwise. For the children in the ESDM group, the expertise
of supervising clinicians and the additional resources (e.qg., early gold-standard diagnosis
and referral) available because of grant funding likely provided a higher standard of care
than would be received in community services. For the community children, being
randomized to a comparison group may well have motivated the families (who enrolled
seeking the experimental treatment) to find all the services possible for their children in the
community. In addition, the early diagnosis provided by the study gave them
recommendations for needed interventions that may have guided them to receive more
services, earlier, than they otherwise would have received. In addition, this sample was
recruited from a geographically constrained area, 30 minutes from an urban university,
which meant that families from both groups lived close to a number of excellent community
intervention providers. Finally, participating families may have further differed from
families who did not participate in regard to their ability and motivation to obtain intensive
early behavioral intervention for their children. These caveats should be carefully considered
when applying our findings to the potential benefits of ESDM and similar treatments
delivered in a less controlled community (as opposed to university-based) setting.

Despite these limitations, our results have important implications. Although there is a critical
need to evaluate the effectiveness of programs such as ESDM among culturally diverse
populations, less-educated families, and lower resource and rural communities,?2 our results,
combined with findings from other publications from this same study, suggest that high-
quality, professional-delivered, intensive early intervention results in both positive clinical
outcomes reflected in gains in cognitive, language, social, and adaptive behavior
function21:22 and in significant cost offsets after treatment. Although it remains to be seen
whether these short-term cost savings prevail in the long term, our results have logical policy
implications regarding the benefit of identifying young children with autism and providing
early high-quality, intensive, and comprehensive developmental behavioral treatment. &
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