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Abstract

Many autistic children access some form of early intervention, but little is known about the value for money of different
programs. We completed a scoping review of full economic evaluations of early interventions for autistic children and/or
their families. We identified nine studies and reviewed their methods and quality. Most studies involved behavioral inter-
ventions. Two were trial-based, and the others used various modelling methods. Clinical measures were often used to infer
dependency levels and quality-adjusted life-years. No family-based or negative outcomes were included. Authors acknowl-
edged uncertain treatment effects. We conclude that economic evaluations in this field are sparse, methods vary, and quality
is sometimes poor. Economic research is needed alongside longer-term clinical trials, and outcome measurement in this

population requires further exploration.
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Introduction

Autism is a lifelong neurodevelopmental condition that
occurs in as many as 1 in 54 children at the age of 8 years
in the USA (Maenner et al., 2020), or up to 1 in 25 children
aged 12-13 years based on an Australian study (May et al.,
2020). Autistic individuals often have valuable strengths and
offer diversity in skills and ways of thinking. Challenges
faced by many autistic individuals living in a neurotypical
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world include differences in interpersonal communication
and relationships, intellectual disability, attention difficul-
ties, sensory needs, poor sleep or mental health. The autism
spectrum is broad and the autistic population is extremely
heterogeneous: while many individuals on the spectrum live
fulfilling lives with minimal or no additional support, oth-
ers have high support needs throughout their lifetime. In
recent years, the neurodiversity movement has resulted in
increased understanding and acceptance of autistic traits.
The notion of “treating” or attempting to cure autism has
long been challenged by members of the autism community
(Sinclair, 1993), and more recently by researchers in the field
(Leadbitter et al., 2021). Instead, neurodiversity affirming
practices support individuals through acceptance of autistic
traits and promotion of well-being within a strengths-based
approach that also considers the individual’s physical and
social environment (Leadbitter et al., 2021).

Supports and accommodations are important to enable
autistic individuals to learn and participate in society, but
they come at a significant cost. Buescher et al. (2014) esti-
mated the annual cost associated with childhood autism
(which includes the cost of supports and lost production)
to be £3.4 billion in the UK and US$66 billion in the USA
(based on 2011 prices). In Australia, the recently introduced
National Disability Insurance Scheme (NDIS) provides indi-
vidual support packages to participants with wide ranging
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disabilities, 33.7% of whom are autistic (National Disability
Insurance Agency, 2022). Reports from Buescher et al. and
the NDIS both indicate that direct nonmedical, including
therapeutic or capacity-building supports, are the largest
contributors in these costs.

In many countries, early intervention supports are offered
with the intention to improve the wellbeing of autistic chil-
dren prior to starting school. These therapeutic supports
have been generally viewed as goal-oriented techniques,
applied in addition to the usual care received by young chil-
dren to promote the development of skills and improved
wellbeing (Whitehouse et al., 2020). There is a large body
of research that relates to the effectiveness of such programs:
a recent umbrella review included 58 systematic reviews of
non-pharmacological interventions for autistic children aged
0-12 years (Trembath et al., 2022). The reviewers identified
111 different intervention practices, indicating the range of
interventions that are available to families, many of which
have not, to date, undergone empirical evaluation. Interven-
tions also vary in the setting in which they are delivered, the
agent who implements therapeutic techniques, and the inten-
sity with which they are applied. Each of these factors is
likely to influence cost and outcomes, presenting challenges

for individuals, service providers and policymakers as they
navigate the support system and prioritise programs that are
most likely to be cost-effective.

In health and education systems where supports are pub-
licly funded and resources, such as staff, funding, time and
space are limited, providers and policymakers must consider
the likely outcomes of intervention programs alongside the
resources required to deliver them. For example, in a com-
parison of two programs that deliver equivalent outcomes,
but with different associated costs, the one with the lower
cost would be considered more cost effective. Further, pro-
grams that deliver better outcomes, but at a greater cost,
would require analysis to determine if the additional costs
can be justified by the additional benefits. Economic evalu-
ation, which involves the comparison of both costs and con-
sequences of two or more alternative programs to determine
their relative cost-effectiveness, is designed to support pol-
icy makers with these judgements (Drummond et al., 2015).
A brief description of economic evaluation is provided in
Fig. 1 (Table 1).

Although often conducted in healthcare, economic evalu-
ations have been infrequent in the area of autism in child-
hood. Lamsal and Zwicker (2017) described the challenges

Fig. 1 Brief description of
economic evaluation

description of each type).

There are four main types of economic evaluation: cost-minimisation analysis (CMA), cost-effectiveness
analysis (CEA), cost-utility analysis (CUA) and cost-benefit analysis (CBA). Each form of analysis involves the
measurement and valuation of costs in monetary terms (e.g., staff time is usually valued using wage rates), but
they differ in the ways that consequences, or outcomes, are identified and measured (see Table 1 for a brief

Economic evaluation is carried out from a specific perspective, such as the individual/family, the healthcare
provider (private or public), or society as a whole. Costs and outcomes might be relevant to one perspective but
not another: for example, the time a parent spends with their child in therapy is a cost (productivity loss) to that
family and to society as a whole, but would not be considered a cost from the healthcare provider’s perspective.
Economic evaluations are often conducted from more than one perspective to demonstrate the impact on cost-
effectiveness and to consider how economic burden might be borne by different sectors or groups. For example,
if a program is not considered cost-effective from a private provider perspective, but would be cost-effective for
society, a government may consider providing the program from within the public sector or introducing incentives
to private providers to ensure it is made available. The type of economic analysis and perspective/s taken are
both therefore likely to impact cost-effectiveness findings and their application to policy and service delivery.

Table 1 Types of economic evaluation (adapted from Drummond et al., 2015)

Type of study Description

Cost-minimisation analysis (CMA)

Outcomes of interventions compared are considered equivalent. The cheaper alternative is the more cost-

effective. E.g., alternative brands of paracetamol

Cost-effectiveness analysis (CEA)

The most relevant, naturally occurring outcomes are used: e.g. gains in cognition or adaptive behavior.

Findings might be reported as relative cost per IQ point gained. If multiple outcomes are included in one
evaluation, it is known as a cost-consequence analysis

Cost-utility analysis (CUA)

Outcomes are adjusted to health states or utility weights. Quality-adjusted life years (QALYSs) are often

used. Each intervention yields a certain quality of health (represented by a value, usually between 0
(death) and 1 (perfect health)) over a certain number of years (duration). Findings might be reported as
relative cost per QALY gained. This enables interventions yielding different types of outcomes to be
compared in terms of their impact on (health-related) quality of life

Cost-benefit analysis (CBA)

Outcomes are valued in monetary terms. Findings might be reported as a cost-benefit ratio (e.g. 2.6:1), or

benefit ($) gained per dollar spent on the program. CBAs are used less in health due to the complexity of
valuing health and quality of life in monetary terms
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of economic evaluation of interventions for children with
neurodevelopmental conditions (including autism), citing a
lack of appropriate outcome measures, difficulty measuring
family effects and service use across sectors, as well as dif-
ficulty measuring or extrapolating long-term productivity
costs. The impacts of autism are experienced not only in
the physical and mental health of an individual, but also
among family members, and more broadly than the domains
typically included in measures of health-related quality of
life (HRQOL, an indicator of overall health often used by
health economists). A review of paediatric cost-utility analy-
ses revealed that conclusions relating to the cost-effective-
ness of some interventions were altered by the inclusion
of family spillover effects (Lavelle et al., 2019). Findings
were impacted to the extent that some interventions were
considered cost-effective only when spillover effects were
included in the analysis. As this review highlighted, out-
comes included in economic analyses in this field to date
have had a narrow focus, even though the inclusion of
broader outcomes, such as family spillover effects, is likely
to impact results.

There appears to be increasing interest and opportunity to
conduct economic evaluations of autism supports in child-
hood. While Weinmann et al. (2009) found inadequate eco-
nomic evidence to draw conclusions about the cost-effec-
tiveness of early interventions for autistic children at the
time, several economic evaluations have been published in
more recent years. Researchers in the UK (Rodgers et al.,
2020) conducted a comprehensive health technology assess-
ment that included a review of economic evaluations of early
behavioral interventions for autistic children, identifying six
relevant studies. Sampaio et al. (2021) identified just two
economic evaluations relating to autistic children in their
systematic review, suggesting that they had used more strin-
gent search criteria. They rated both studies as good quality
and provided some discussion as to the methods applied and
their findings: one intervention (communication training for
parents in the UK) was deemed not cost-effective when pro-
vided in addition to usual care (Byford et al., 2015), while
the other intervention (aimed at children prior to diagnosis
with autism in Canada) was deemed cost-effective (Penner
et al., 2015).

We sought to extend these recent reviews with a broader
search for any interventions aimed at improving the wellbe-
ing of autistic children prior to school entry, or that of their
families. Rather than attempt to synthesise the findings of
relevant studies, we wanted to gain an understanding of the
various economic methods used in the field to date, and to
identify potential exemplars of good practice or gaps where
further research is required.

Given the broad nature of our search and the exploratory
approach intended, we conducted a scoping review. Indica-
tions for scoping reviews include aims to identify types of

evidence and methods implemented in a field, and not to
draw specific conclusions about a treatment’s effectiveness,
for example, as might be the aim of a systematic review
(Munn et al., 2018; Peters et al., 2020).

Objectives

This review was conducted to address the following research
question: what economic evidence is there for early inter-
ventions aimed at young autistic children, and how have
researchers evaluated their costs and benefits to date? Spe-
cifically, the aims of the review were as follows:

1. To collate the best available information about the eco-
nomic efficiency of interventions for autistic children
during the years prior to starting school;

2. To examine the methods used in conducting economic
evaluations of early interventions for young autistic chil-
dren;

3. To understand the extent to which different types of
intervention have been evaluated economically and iden-
tify where gaps exist in the evidence;

4. To critique the quality of the available economic evi-
dence; and.

5. To explore how and why relative cost-effectiveness var-
ies across settings.

Methods
Protocol and Registration

The protocol of the current review was published in 2021
(Pye et al., 2021). The review was registered on the Open
Science Framework, at https://osf.io/sj7kt. It is reported
in accordance with the Preferred Reporting Items for Sys-
tematic Reviews and Meta-Analyses extension for scoping
reviews PRISMA-ScR; (Tricco et al., 2018).

Eligibility Criteria

The eligibility criteria of the review are described below
in terms of participants, concepts (including interventions,
phenomena or outcomes of interest) and context (includ-
ing geographic location and setting), as recommended in
the Joanna Briggs Institute Manual for Evidence Synthesis
(Aromataris & Munn, 2020).

Participants were children diagnosed with autism or con-
sidered at increased likelihood of autism due, for example,
to showing early signs of autism or having an autistic older
sibling. Studies were included only if participants had not
yet started school at the time supports were provided.
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The concepts of the review were (a) economic evidence,
in the form of full economic evaluations, (b) related to any
interventions targeted to the participants above. Interven-
tion was defined as “a modification or addition to standard
care that is implemented with the intention of improving the
wellbeing of an autistic child and/or their family” (Pye et al.,
2021, p. 3). Such interventions could theoretically include,
for example, allied health supports, alternative education
strategies, medications or early identification that would
enable earlier access to supports. Intended outcomes had
to include the autistic child’s wellbeing and/or that of their
family.

The review context was kept open, consistent with the
objectives of scoping reviews and our research aims. No lim-
itations were placed on country, publication date or analytic
approach (e.g. trial- vs model-based evaluations), however
full texts were required to be published in English due to
resource limitations.

Information Sources

The following databases were searched: MEDLINE,
EMBASE, PsycINFO and EconLit. Secondary searches
were carried out in the National Health Service Economic
Evaluations Database (NHS EED) and Health Technology
Assessments (HTA), both accessed via the University of
York Centre for Reviews and Dissemination (CRD) Data-
base, and the Pediatric Economic Database Evaluation
(PEDE). Grey literature was also searched using Google,
ProQuest Dissertations and Theses Global, the New
York Academy of Medicine Grey Literature Report and
the ISPOR Presentations Database. Systematic reviews
of economic evaluations were checked for primary stud-
ies that may not have been identified through our own
searches.

Search

Database search strategies and results are provided in Online
resource 1. The primary search was developed in MEDLINE
with the support of La Trobe University library research
advisers with experience in systematic searches. One adviser
reviewed the MEDLINE strategy using the CADTH PRESS
checklist (McGowan et al., 2016), recommending several
minor adjustments, before it was translated to the other data-
bases. All databases were searched from their inception to
the search date (2 Feb, 2021).

A Google search was completed on 5 Feb, 2021 using the
following terms: “(“cost effectiveness”|”cost benefit”|”cost
utility”’I”’economic evaluation”) (autismlaspergerslASD) (chi
ldIchildrenlpreschoolersltoddlersinurserylchildcare)”.

nla’
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Selection of Sources of Evidence

Two reviewers (KP and HJ) each independently screened all
titles and abstracts to exclude irrelevant studies. They then
independently screened full texts, resolving disagreements
through consensus and by including a third reviewer (AS)
as required.

Data Charting Process

Search results were imported into Covidence (Veritas Health
Innovation, 2021), an online tool developed to support sys-
tematic reviews. Duplicates were detected and removed by
Covidence, and screening, data charting and quality apprais-
als were completed using the Covidence 2.0 platform. The
data extraction template was tested with two studies before
commencing the main process.

Data Items

Data items relating to study characteristics, methods and
outcomes are listed in Table 2.

Critical Appraisal

In line with our intention to understand the breadth and
quality of economic evidence available, we followed rec-
ommendations for the completion of reviews of economic
evaluations (Aromataris & Munn, 2020; National Institute
for Health & Care Excellence, 2021; Wijnen et al., 2016).
Each reviewer independently completed two well-estab-
lished checklists to appraise all included studies: the Con-
solidated Health Economic Evaluation Reporting Standards
(CHEERS) checklist (Husereau et al., 2013), relating to the
quality of reporting, and an extended version of the Consen-
sus of Health Economic Criteria (CHEC-ext; Evers et al.,
2005; Odnoletkova et al., 2014), relating to risk of bias. The
CHEC-ext includes one additional item specific to modelled
evaluations. Modelled studies were further appraised using
a health technology assessment checklist developed specifi-
cally for evaluating economic models (Philips et al., 2006),
as recommended by Van Mastrigt et al. (2016).

Synthesis of Results

A narrative synthesis of included studies was produced, with
particular focus on the types of outcomes evaluated and the
methods used to identify, measure and value those outcomes.
Cost-effectiveness findings were not synthesised directly due
to the specificity of inputs to the time and setting where the
economic evaluations were conducted, and heterogeneity in
the methods used.
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Table 2 Data items

Study characteristics

Study methods and outcomes

First author

Country

Year of publication

Type of intervention/s

Comparator/s

Population description

Perspective

Type of EE

Analytic approach (trial vs modelled/mixed)

Model structure

Time horizon

Discount rate (costs and effects)

Currency

Reference year of analysis

Assumptions made

Types of resources identified

Source/s of resource use data

Cost figures

Types of consequences identified (positive and adverse)
Source/s of consequences data, including outcome measures used
Value of consequences

ICERs

Uncertainty analysis methods

Outcomes of uncertainty analysis

Conclusions

Results

Search Results

In total, 2958 database results and 89 grey literature
search results were exported to Covidence. There were

808 duplicates removed by Covidence, leaving 2239 stud-
ies for title/abstract screening. The PRISMA flowchart
(Fig. 2) provides detail relating to the exclusion of studies
each stage. Nine studies were included in the review. The
characteristics, methods and outcomes of these studies are
provided in Table 3 Characteristics, methods and findings
of included studies (n=9), addressing the first three aims

. Identification of studies via other methods J

Records identified from Google

Fig.2 PRISMA flow diagram (Page et al., 2021)

Identification of studies via databases and registers J
S
Records removed before
screening:
Records identified from*: :Dnuglgzggt? Fecords ramosad
gatai:tz; sr:s;;njsgi;)ﬁii) Records marked as ineligible search (n=24)
o0 . by automation tools (n = 0)
Records removed for other
reasons (n = 2)
—
l J
v
o
Records screened Records excluded™
—>
(n =2239) (n=2194)
Reports sought for retrieval Reports not retrieved
2 (n=44) "l (n=5)
H :
Reports assessed for eligibility .| Reports excluded:
(n=39) ) Mixed cohort; unable to separate preschool autism sample (n = 12)
Not a full economic evaluation (n = 13)
Not preschool age group (n = 5)
—
v
P
§ Studies included in review
g (n=9)
—/
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Table 3 (continued)

&

Universal screening resulted
in significantly more chil-

Findings

modelled CEA, to age 65

Discrete event simulation
years

Type of evaluation®

Provincial public payer;
Societal

Perspective

Children born in 1 year in
Ontario with 1 +sibling
diagnosed with autism.

Population

Interventions compared®

(1) Universal M-CHAT
screening (18 & 24mo)

(2) High-risk M-CHAT

Country
Canada

Yuen et al. (2018)

Study

Springer

dren accurately diagnosed,
but due to wait times for
assessment and interven-

Hypothetical cohort birth

screening (18 & 24mo) in
addition to surveillance

for all
(3) Developmental surveil-

cohort n=139,789 (2065

with latent autism)

tion (EIBI), these children
did not access interven-

tion until 60 months (not

lance for all

cost effective). Sensitivity

analysis explored elimina-
tion of wait times, which

resulted in more children

starting EIBI earlier, which

increased costs that may be
offset by better outcomes

downstream

#PACT: Preschool autism communication trial; ABA: applied behavior analysis; (E)IBI: (early) intensive behavioral intervention; ESDM: Early Start Denver Model; MRI: magnetic resonance

imaging; M-CHAT: Modified Checklist for Autism in Toddlers

PCCA cost-consequence analysis; CEA cost-effectiveness analysis; CUE cost-utility analysis; CBA cost—benefit analysis

2020 T
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| I ‘
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2018 n—
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2008
2009
2019
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2010

~

Year of publication

Fig.3 Number of studies per year

of the review. Results of each database search are included
in Online resource 1 (Search strategy and results).

We originally sought to identify the best available infor-
mation relating to the economic efficiency of early inter-
ventions for children on the autism spectrum, but to clarify,
studies were not included or excluded on the basis of their
quality. Instead, appraisals of their reporting and risk of bias
are reported below. It is clear that economic research in this
field has been limited to date, so here we focus on the avail-
able evidence, appraise its quality, and review the methods
used in the field to date, rather than limit the review to even
fewer studies of the highest quality. We felt this approach
was consistent with the research question we sought to
address, and enabled us to add more to the recent review of
two good quality economic evaluations by Sampaio et al.
(2021).

Characteristics of Included Studies

The nine included studies’ key characteristics and findings
are summarised in Table 3 Characteristics, methods and
findings of included studies (n=9).

The included studies varied across almost all character-
istics abstracted. The earliest study was published in 2006,
while the remaining studies were all published in the last
10 years (since 2013), suggesting increasing interest and
investment in economic research in the field (Fig. 3). All
included studies were from high-income, English-speaking
countries (Fig. 4).

Behaviorally based interventions were evaluated in
most of the included studies, in the forms of early intensive
behavioral intervention (EIBI) and applied behavior analysis
(ABA) to reduce challenging behavior. Different forms of
behavioral interventions were compared in terms of modifi-
cation for delivery via telehealth, wider community access
to existing programs, or earlier access enabled by screen-
ing programs and reduced wait times. Two modifications of
the Early Start Denver Model (ESDM) were compared with
EIBI (the local status quo) in one study (Penner et al., 2015).
The studies that did not involve behavioral interventions
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Fig.4 Number of studies per country

Table 4 Representation of categories of non-pharmaceutical inter-
ventions

Category® Num-
ber of
studies®

Behavioral (EIBI, ABA-based) 7

Developmental (PACT) 1

NDBIs (ESDM) 1

TEACCH 0

Sensory-based 0

Animal-assisted 0

Technology-based 0

Unclear 1

EIBI Early intensive behavioral intervention; ABA applied behavior
analysis’ PACT Preschool Autism Communication Trial; ESDM Early
Start Denver Model; TEACCH Treatment and Education of Autistic
and related Communications Handicapped Children

4Categories described by Sandbank et al. (2020)
"Penner et al. (2015) compared ESDM and EIBI

were focussed either on an eclectic autism-specific program
(Synergies Economic Consulting, 2013) or the Preschool
Autism Communication Trial (PACT), a developmentally-
based, parent-mediated program (Byford et al., 2015). Other
categories of non-pharmacological interventions (Sandbank
et al., 2020) were not represented at all (Table 4).

Almost all studies included a form of usual care as the
comparator, although these were specific to the context of
each study and varied considerably. The Synergies (2013)
study did not include any status quo intervention, but instead
compared a “best practice” approach to an alternative of no
intervention. Their intervention program was not described
in any detail, but the choice of approach, associated costs
and outcomes were all largely gathered through consultation
with service providers.

A premise of several studies was that early intervention
outcomes are better when intervention is delivered ear-
lier—specifically, prior to 48 months of age. Commencement

of intervention can be delayed by the diagnostic process or
wait times with intervention service providers. Three of the
included studies focussed on increasing the proportion of
children commencing prior to 48 months of age by reduc-
ing intervention wait times (Piccininni et al., 2017), or by
introducing or expanding early identification programs (Wil-
liamson et al., 2020; Yuen et al., 2018).

The perspectives taken for economic evaluations varied
across healthcare (n=1), education (n=1), to public sec-
tor (health/welfare (n=2), both UK), government (n=4, all
Ontario, Canada), and societal (n=3).

Four types of economic evaluation were represented in
the included studies: cost-consequence (n=2), cost-effec-
tiveness (n=J5), cost-utility (n=2) and one cost—benefit
analysis.

Study Methods

The majority of studies (n=7) were based on modelled eval-
uations that drew on cost and outcome data available in the
literature. Modelling methods varied: two studies (Penner
et al., 2015; Piccininni et al., 2017) adopted a decision tree
approach, representing a branching of possible outcomes
based on probabilities of different treatment effects, assum-
ing the effects were likely to be stable over time. Two other
models (Motiwala et al., 2006; Synergies Economic Consult-
ing, 2013) were not clearly described but applied a similar
method, involving a series of simple equations to extrapolate
costs for participant subgroups that were likely to experience
different outcomes from intervention. Cohort models were
used in two studies. The first used a decision tree for the
intervention phase of their model, adding a 2-state (live/die)
Markov model to each terminal node to extrapolate costs
over the lifetime (Williamson et al., 2020). The second drew
on their meta-analysis of individual participant data to deter-
mine cognitive and adaptive behavior measures at specified
time points (Rodgers et al., 2020). Changes in these meas-
ures were adjusted to fit a 1-month cycle length. Finally,
Yuen et al. (2018) implemented a discrete event simulation
model to represent changes in resource use at specific points
in time related to the proposed screening program and chil-
dren’s development.

Time horizons varied greatly across studies, from
short term follow-up to whole-of- lifetime. Most authors
of included studies acknowledged that long term effects
were uncertain. The trial-based studies implemented more
immediate time horizons (with no extrapolation to longer
term effects) and did not apply discounting to costs or con-
sequences. One early identification study was based on a
model to age 6 years (Yuen et al., 2018). Given the outcomes
of this study were related to age of access to intervention,
and not the actual intervention outcomes per se, this short
time horizon also seemed reasonable. By far the largest
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study, the Health Technology Assessment, was modelled
from age 3 to age 18.5 years (Rodgers et al., 2020). Authors
cited a lack of evidence of benefits of the proposed (behav-
ioral) interventions over (eclectic) usual care into adulthood,
choosing to explore possible long-term implications through
scenario analysis.

All studies that applied discounting to costs and conse-
quences used a rate between 3 and 3.5% per annum in their
base case and authors who completed sensitivity analyses
used these to explore the impact of alternative discount
rates. The CBA (Synergies Economic Consulting, 2013)
discounted costs only, also at a rate of 3% p.a.

Measurement of Costs and Outcomes

Table 5 provides a summary of the interventions, perspec-
tives, costs and outcomes included in each study. All societal
perspective analyses considered productivity loss, usually
based on a national average wage, with the exception of one
study (Byford et al., 2015), where actual salaries of their
study participants were used. The modelled studies accessed
cost data (resource use and unit costs) either from the litera-
ture (e.g. (Buescher et al., 2014; Knapp et al., 2009) or from
administrative data sources (e.g. local government, educa-
tion). Rodgers et al. (2020) calculated resource use in their
meta-analysis before seeking unit costs from the literature.
There appears to be a lack of trial-based economic evalua-
tions, which allow resource use to be measured, rather than
estimated.

Outcomes in modelled evaluations were also necessarily
drawn from the available literature. The main direct out-
comes that have been reported across many effectiveness
studies are cognition, and more recently, adaptive behavior
and autism symptoms. These were not used as final out-
comes in the included studies, but were often used to infer
levels of dependency, most commonly on three tiers, which
were then used to determine (a) immediate intervention out-
comes, (b) educational placement, and/or (c) the need for
supports such as residential accommodation in adulthood
for each of the dependency groups. Rodgers et al. (2020)
adopted a similar approach in assigning costs to levels of
dependency, but they did so only in a scenario analysis of
projected adulthood outcomes. They did not link health-
related quality of life (HRQOL) outcomes to these depend-
ency levels, citing that associations between cognition, adap-
tive behavior and independence, and in turn HRQOL, were
not well-established. This approach demonstrates a more
nuanced application of the available literature to evaluating
longer term costs and outcomes.

Quality-adjusted life years (QALYs) were used in the
two cost-utility analyses. Rodgers et al. (2020) applied an
algorithm proposed by Payakachat et al. (2014) to estimate
Health Utilities Index Mark 3 (HUI-3; Feeny et al., 2002)

@ Springer

scores based on widely available outcome measures (cog-
nition and adaptive behavior). HUI-3 scores can be used
in the calculation of QALYSs, enabling cost-utility analysis.
Williamson et al. (2020) also drew on the Payakachat et al.
(2014) study data to assign HUI-3 scores to terminal nodes
of their model: an indirect use of the same resource. The two
CUAs were notably the most recent of the included studies,
suggesting that methods proposed to perform CUAs in this
field have been welcomed.

None of the nine studies included any negative effects,
and family-based outcomes were minimally represented,
consistent with outcomes traditionally included in effec-
tiveness studies. Byford et al. (2015) observed parent—child
interactions and measured features such as synchronous
parent responses, and Lindgren et al. (2016) considered
intervention acceptability to parents, finding that telehealth
delivery of ABA was as acceptable as the original home visit
model. No studies evaluated broader outcomes in the family
such as parental stress, parent HRQOL or family dynamics.

Quality Appraisal

Results of the CHEERS and extended CHEC are provided
in Table 6 and Table 7 respectively, and the Philips check-
list data for modelled evaluations are available in Online
resource 2.

The CHEERS checklist is used to appraise the quality
of reporting across included studies, identifying specific
studies or aspects of evaluations that were relatively well-
or poorly-reported. Several CHEERS items were reported
appropriately in most studies (e.g., #4 Target population and
subgroups, #5 Setting & location, #6 Comparators and #22
Discussion of findings, limitations and generalisability), and
no items were consistently poorly or under-reported across
the included studies. Overall, we rated the reporting to be
of a reasonable standard, with the well-resourced Health
Technology Assessment (Rodgers et al., 2020) standing
out as particularly strong, with over 80% of CHEERS items
well-addressed. Studies by Penner et al. (2015), Yuen et al.
(2018) and Byford et al. (2015) were also of good reporting
quality (Table 7).

The CHEC list results highlighted inconsistencies in
methodological quality of the included studies. Seven stud-
ies met the majority of CHEC criteria, while two studies fell
well below this threshold. The Health Technology Assess-
ment (Rodgers et al., 2020) was again rated most favour-
ably, and met all of the CHEC criteria except providing an
answerable research question. Across the included studies,
there tended to be clear justification of time horizon and
model inputs, but few studies reported methods of model
validation.

The Philips checklist was used to review all seven mod-
elled evaluations (Online resource 2). Rodgers et al. (2020)
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Table 6 (continued)

(5

Total

Williamson Yuen et al. (2018) Yes Partial No N/A

et al. (2020)

Synergies Eco-

Rodg-

Piccininni
et al.

Penner
et al.

Motiwala
et al.

Lindgren
et al.

Individual study ratings

Byford
et al.

Cheers

Springer

nomic Consulting

(2013)

ers et al.
(2020)

(2016) (2006) (2015)  (2017)

(2015)

Yes

Yes

Yes Yes Partial No Yes No
No

Yes

(23) Other: Source of funding
(24) Conflicts of interest
Proportion Yes

Yes

Yes

No

Yes

Yes

No

Yes

Yes

0.70

0.46

0.38 0.61 0.70 0.57 0.83 0.42

0.62

was again rated favourably, with a majority (70%) of Philips
items adequately addressed. Just one other study was rated
with a majority (52%) of items reviewed positively (Yuen
et al., 2018), closely followed again by the studies by Pen-
ner et al. (2015) and Williamson et al. (2020), while the
remaining studies were rated more poorly. Overall, there was
inconsistency in the handling of uncertainty and heterogene-
ity, and model logic was infrequently tested.

Study Findings

The studies varied in their findings. Five reported that their
proposed intervention was likely to yield equivalent or
better outcomes at reduced cost, compared to alternatives
(Lindgren et al., 2016; Motiwala et al., 2006; Penner et al.,
2015; Piccininni et al., 2017; Synergies Economic Consult-
ing, 2013). In one study (Penner et al., 2015), the result was
dependent on the perspective taken: the intervention, which
was both more costly and more effective than its comparator,
was favourable from a societal, but not government, perspec-
tive. Two studies concluded that their proposed interven-
tions were unlikely to be cost-effective (Byford et al., 2015;
Rodgers et al., 2020). Finally, two studies were inconclusive,
though both indicated that the interventions in question had
potential to be cost-effective (Williamson et al., 2020; Yuen
et al., 2018). With such variation in the characteristics of
the included studies, it was not possible to synthesise the
economic results.

In planning this review, we anticipated some variability
between settings that would warrant discussion in light of
the different findings relating to cost-effectiveness. In fact,
the small number of included studies varied in many more
ways than their settings, as described above. There were
insufficient economic evaluations, across too varied inter-
ventions and methods to directly compare cost-effectiveness
of specific programs across settings. It appears that variabil-
ity in results may not be a question of any one parameter or
method, but all.

Discussion

This scoping review included nine full economic evaluations
of early supports targeted to autistic children or their fami-
lies, and was particularly focussed on the methods applied
in each study. A number of conclusions can be drawn from
this review: these are summarised here and discussed in the
paragraphs that follow. Despite a broad search strategy, the
small number of full economic evaluations of any kind of
interventions to support autistic children or their families
indicates a paucity of evidence of their cost-effectiveness.
There appears, however, to be a growing commitment to
economic evaluations in this field. There have been some



1705

Journal of Autism and Developmental Disorders (2024) 54:1691-1711

Sax.

SaX

Sax

ON

SIX

ON

SIX

SIX

ON

ON

SIX.

ON

2) 4

SaX

Sax.

Sax

SIx.

SIX

S9X

ON

SIX

S9X

SIX

ON

SIX.

ON

SIX.

SaX

SaX.

ON

ON

SIX

ON

ON

SIX

Sax.

S9X

ON

SIX

ON

ON

SaX

SaX.

SIX

SIX.

SaX

2) 4

Sax

SIX

Sax.

Sax.

Sax.

SIX

ON

SIX

SaX

Sax.

ON

SIx

ON

ON

SIX

SIX

SIX

SIX

ON

SIX.

SIX

SIX.

ON

SOX.

ON

ON

SIX

SIX.

SaX

Sax

SIX.

SIX.

ON

SIX

ON

SIX

ON

Sax.

ON

SIX

SIX

SIX.

ON

ON

SIX.

SIX.

ON

SIX

ON

SIx.

SIX

ON

ON

ON

ON

ON

Sax

ON

ON

ON

VIN

ON

ON

SIX

SIX

Sax.

SIX

SIX

ON

SIX.

Sax

SaX

SIX

SIX.

VIN

2) 4

ON

SIX

SIX

(pawioyiad soAneuId)E
JO SQWO2INO PUe SISOJ JO SIS
-ATeue TejuowaIOUT UR ST (¢1)
{ Arorerzdoxdde
panyeA sawodNo Ay (Z1)
(A1oreridoxdde pain
-SBAW SAWONNO [[B A1y (1)
{PAYNUIPI SATRUISI[R
(OB J0J SOWOINO JUBA[I
pue jueyrodwt [[e a1y (Q)
(A1orend
-oldde panyea $1500 a1y (6)
{sun
reorsAyd ur Ajejeridoxdde
paInseawr 8309 [[B Ay (8)
{PAYNUAPI ANRUII R
OB JOJ S1S0O JUBA[QI
pue jueyrodwi [1e a1y (1)

(orerdoxdde uasoyo
aanoadsiad remoe oy ST (9)

{,soouanbasuoo

PUE $)SOO JUBAJ[I 9pN[oul

0) 1opio ut dyerrdordde
UOZLIOY W) uasoyd 3y ST ()

(partodar

Apredoid [epour o3 jo

spoyjouwl uonepIfeA ay)

pue suondwnsse [einjonns
Ay} A1y (W UOISUAIXH

({2A199[qo pIje)s

ay) 03 9eridoxdde uSisop
Apms o1wou09? 3y} sy (47)

({WLIOJ 9[qe

-romsue ur pasod uorsonb
[OIBISAI PAULP-[[om ® ST ()

({PAqQLIOSOp A[IBI[O SIAT)
-euId)[e Sunedwod ary (7)

{P2qLIOSap A[Ie9[d
uonerndod Apms oy ST (1)

ou [ejo], SoK [eloL,

(8100)

e (0207) Te 1
uong  UOSWEI[IA\

(€100)
Sunnsuo) onuou
-007 SQISIOUAS

(0200
‘10 s10

-8poy

(L102)
‘° 1R
uuruIOLg

(S102)
‘e
Iouudq

(9002)
QRG]

e[EATOIN  (9T0T) 'Te 30 URISpUrT (ST07) ‘e 10 pIojig

SwaN 1Xo-DFHD

(¥10T “'T® 12 BAONIAIOUPQ GO0T & 12 SIOAY) SINSAI PIPUNXS-DIHD £ d|qeL

pringer

a's



Journal of Autism and Developmental Disorders (2024) 54:1691-1711

1706

L0

SIX

SIX

ON

SIX.

SaX

SIX.

80

ON

SIX

SaX

SIX.

SaX

SaX.

Y0

ON

ON

ON

SIX.

ON

SaX.

S6°0

SIX

SIX

SIX

SIX

SIX

SaX.

¢9°0

ON

ON

SIX

SIX.

SaX

SIX.

L0

Sax

ON

SIx

SIx

SIX

S9X

90 S68LSIE0 1Tr89¢L°0

ON SIX. ON

ON SIX SaX

SIX. ON ON

Sax. 2) 4 2) 4

ON ON SAX

£),4 ON ON

sax uonodoig

(Arrendoxdde

PossNOSIp sanssI [euorng
-L0SIP PUE [BO1Y9 1V (61)

((S)Iopuny pue ($)Idy0IeIsaI

Apnjs Jo 15a19)Ul JO JOTPYUOD

Trenuajod ou st 219Y) JeYy)
91BdIpUI Jo1.IR ) S0 (81)

(,sdnoi3 juaroyuaned

pue s3umnias 19410 0} sJnsal

) Jo Ayiqeziferauad o)
ssnoastp Apms ay) so(q (L1)

(par1odal eiep ay) woiy moj
-[0J suoIsn[Ouod Y} o(J (97)

{STSATeue

KNAT)ISUSS 0} paydalqns

A9reridoidde ‘ureyrooun

QI SON[BA ISOYM ‘SI[qBLIBA
jueyroduwi [[e a1y (G1)

(A1orerad

-o1dde pojunoosip sawoono
pue $3500 2Inny [[& Ay (1)

ou [0, SoK [el0L

(8100)

e (0200) T8
uong  UOSWEI[IAN

(€100
Sunnsuo) osrwou

-00 SOISISUAS

(0200
‘10 810

-3poy

(L10D)
Te 19
TUUIUIIIg

(S100)
Te 19
Iouudq

(9002)
S RE)

e[EATOIN  (9T0T) 'Te 30 URISpUrT (ST07) ‘e 10 pIojig

SwaN 1Xo-DFHD

(ponunuoo) £3|qey

pringer

Qs



Journal of Autism and Developmental Disorders (2024) 54:1691-1711

1707

studies of very high quality from which fellow researchers
can learn. Behavioral interventions have been most evalu-
ated, consistent with effectiveness research, but uncertainty
and tensions that exist in relation to outcomes of early inter-
ventions must be addressed. Narrow child-based clinical
outcomes have been relied upon to infer downstream con-
sequences and associated costs, despite acknowledgment in
most studies that these links are not well-established. Trial-
based economic evaluations have been rare to date, but are
preferable to modelled studies or algorithms to extrapolate
outcomes such as HRQOL or QALYs. Changing attitudes
towards autism and disability have not yet been reflected in
economic research in this field.

Findings and Implications

The HTA (Rodgers et al., 2020) might be considered the
benchmark for current economic evidence in this field, pro-
viding lessons from its rigour and conclusions the authors
made about available data. It involved ten authors who
completed a systematic review and meta-analysis of indi-
vidual participant data, and a further four literature reviews
to inform their economic model. The 342 page report was
of a high standard. Of note was that, despite the resources
they had available, these authors found they were unable to
perform an evaluation (a) from a societal perspective, or (b)
beyond childhood (in the base case), while each of the other
studies reviewed attempted one or both of these. The HTA
authors’ hesitation, even following their rigorous research,
highlights the sheer amount of work involved in building a
robust economic model. While the cost and outcome data in
their study remain current, economists have an opportunity
to draw directly on the data collated by Rodgers and col-
leagues to perform other economic evaluations relating to
interventions for young autistic children. Future researchers
might adopt their carefully considered methods or seek to
address the ongoing gaps they identified.

Recently emerging methods to enable cost-utility analy-
sis (by mapping clinical measures to health utility weights)
appear to have been welcomed by researchers, although
direct measurement of HRQOL within trials would be pre-
ferred. The most recent economic evaluations made use of
Payakachat et al. (2014) method to map available clinical
trial data onto HRQOL (HUI-3 scores; (Feeny et al., 2002)),
in turn to calculate QALYs. QALY are often used to com-
pare the cost-effectiveness of health programs that target
different outcomes or different population groups. Using
QALYs, policymakers are arguably better able to priori-
tise budgets across disciplines, as is frequently required in
healthcare. This emergence of methods to perform cost-util-
ity analyses appears to have been welcomed by researchers.
Payakachat et al. have offered the only algorithm to date
that can be applied to a preschool population, but the direct

measurement of HRQOL within clinical trials would ulti-
mately provide more robust data, particularly over longer
time periods. We acknowledge the complexity of measuring
HRQOL in very young children with communication dif-
ficulties (Kuhlthau et al., 2010; Ungar, 2011) and consider
this an important and ongoing area of research that will
strengthen economic evaluations across the fields of early
childhood and disability.

The impacts of autism in early childhood lie well beyond
the scope of one sector of society (Lavelle et al., 2019).
Several authors noted that costs and outcomes are borne by
the family unit, healthcare payers, education, social care—and
society as a whole (Rodgers et al., 2020; Williamson et al.,
2020). This was reflected in the breadth of perspectives
taken in the included analyses. Notably, in at least one study
(Williamson et al., 2020), cost-effectiveness findings dif-
fered according to the perspective that was adopted. Such a
difference could determine who bears the costs relating to
a program, including whether or not it is publicly funded.
Perspective therefore appears important in this field, and
researchers should continue to adopt more than one perspec-
tive when completing economic analyses.

Behavioral interventions were by far the most researched
programs in this review. This finding is unsurprising in light
of recent reviews of effectiveness literature (Trembath et al.,
2022). Behavioral interventions have been implemented
and published for half a century, and their grounding in
data-driven methods is well-suited to empirical research.
Other (non-behavioral) approaches have some support in
the autistic community but lag well behind behavioral pro-
grams in terms of academic evidence, and they have rarely
been included in economic research to date. Unfortunately,
because economic evaluations have often (necessarily) been
performed using the data available, they have been limited
to behavioral interventions and narrow child outcomes — and
not necessarily the neurodiversity affirming programs or
outcomes that might be preferred by some members of the
autistic community.

Tension therefore exists between the findings of effective-
ness studies (Rodgers et al., 2020; Trembath et al., 2022)
and discussions in the general media, largely led by mem-
bers of the autistic community. Behavioral interventions,
in particular, have been associated with negative long-term
outcomes (e.g. (DeVita-Raeburn & Spectrum, 2016) and
even labelled as a form of conversion therapy (Kislenko, Apr
20, 2022) whereby autistic people are taught to suppress or
mask behaviors thought not to conform with social expec-
tations. There have even been calls to ban ABA therapies
(Parker, 21 Mar 2015). Claims that the outcomes valued in
effectiveness and economic research are not seen as valu-
able by the autistic community warrant further academic
consideration. Leaders in behavioral research have recently
sought to address some of the concerns about behavioral

@ Springer
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therapies, encouraging further discussion and calling for a
review of support goals (Dawson et al., 2022; Leaf et al.,
2022). Collaborative efforts might include further co-design
of research with autistic people and consideration of alterna-
tive outcome measures beyond those traditionally used, such
as the Autism Family Experience Questionnaire (AFEQ);
Leadbitter et al., 2018), alongside the inclusion of possible
negative effects.

In healthcare, researchers are increasingly conducting
economic evaluations alongside clinical trials (Ramsey
et al., 2015). The dangers of evaluating cost-effectiveness
after establishing treatment effects are that (a) this creates
a delay between understanding the treatment effects and
cost-effectiveness of proposed programs, and (b) health
economists are left to draw economic inferences from the
clinical measures used in trials, rather than collect appro-
priate economic data directly from participants. As the
economic research currently stands, policymakers are left
with the impression that certain interventions (e.g., some
behavioral programs) are cost-effective, while some com-
munity members are advocating strongly against them. A
lack of measurement of HRQOL in children and families
leaves the focus on offsetting downstream support costs,
and not on real improvements to wellbeing. Such a focus
seems to conflict with the WHO International Classifica-
tion of Functioning, Disabilities and Health (World Health
Organization, 2001) and the United Nations Convention
on the Rights of Persons with Disabilities (United Nations
General Assembly, December 13, 2006). These statements,
along with contemporary models of social support such as
the Australian NDIS, have clearly promoted equal rights for
people with disabilities, driven by individual aspirations,
choice and community participation. However, research
continues to rely on clinical measures, such as child IQ and
adaptive functioning, to determine the success of a support
program and to predict adult QOL. Further research with a
focus on QOL, including trial-based economic evaluations
and longitudinal studies, is needed.

Authors of economic evaluations have often allocated
the population to levels of dependency, assigning education
and social support costs differently to each level (Motiwala
et al., 2006; Penner et al., 2015; Synergies Economic Con-
sulting, 2013). While measures such as IQ might be rela-
tively stable over time (Magiati et al., 2014) and may offer
the best available predictions of future outcomes, assumed
links between cognition or adaptive behavior and independ-
ence or QOL may no longer be appropriate (Lichtlé et al.,
2022). For example, an individual with limited cognitive
capacity or difficulty coping with changes to routine might
live a happy life in a society where neurodiversity is authen-
tically and effectively accommodated, even if the autistic
individual does not change at all. This proposition warrants
further investigation, including broader outcome measures

@ Springer

and longitudinal research for incorporation into future eco-
nomic analyses.

An important observation, although not set out in the
aims of this review, was that none of the included studies
demonstrated any attempt to measure the impacts of sup-
ports on different socio-economic groups. Inequities in
access to supports have been established (Dallman et al.,
2021) and disadvantaged children are particularly likely to
benefit from good quality education in early childhood (Lud-
wig & Phillips, 2008). It seems possible that families with
lower socio-economic opportunity could benefit more from
formal supports than those with higher education, income
and capacity to adapt. As public health and education strat-
egies so often aim to reduce disadvantage in a population,
differences in impact between socio-economic groups might
impact the allocation of resources. Inequity has not been
discussed or measured in economic evaluation to date in this
field, and is an important area of future research.

Limitations

As with many reviews conducted by English-speaking
authors, the included studies were limited to those in
English. This might have excluded studies from linguisti-
cally—and likely culturally or economically—diverse coun-
tries. The included studies were all from high income, Eng-
lish-speaking countries, which may suggest that these are
the only countries with the resources to provide early inter-
ventions, and the capacity and motivation to undertake (and
publish) economic evaluations, but this speculation cannot
be confirmed without including a wider range of languages
in the review. English language was not used as a filter dur-
ing the database search, and at full text screening no studies
were excluded based on language. To be confident that non-
English language studies are not excluded, future reviewers
are encouraged to include other languages, such as Spanish,
Chinese or French in their searches.

A second and important limitation of this study was
our own lack of formal consultation with autistic individu-
als. While this was a review of literature, consultation or
co-design might have influenced the research questions,
data extracted from included studies and interpretation of
findings.

Conclusions

Economic evaluations in this field have been sparse, becom-
ing more frequent in the last 5-10 years. Inconsistent meth-
ods point to the uncertainty in intervention effects and the
complex nature of autism in early childhood. Limited meth-
ods enabling cost-utility analyses are available and have
been implemented only very recently. Outcomes used in
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cost-effectiveness analyses have largely been limited to tra-
ditional clinical measures, and have not included possible
adverse effects, family-based outcomes or spillover effects,
nor direct measures of child (health-related) quality of life.
The use of alternative perspectives of analysis can influence
cost-effectiveness findings: costs and outcomes are borne
across sectors of society and this warrants careful considera-
tion in analysis.

Recommendations are made to embark on more economic
evaluations in this field, exploring alternative outcome
measures, in particular measures to capture HRQOL of the
child and their family. Inclusion of economic evaluations in
clinical trials, and research co-design or consultation with
members of the autistic community are strongly encouraged.
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