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Economic Evaluations of Early Intensive 
Behavioral Interventions for Autism

Wendy J. Ungar and Kate Tsiplova

 Introduction

Should Early Intensive Behavioral Intervention (EIBI) be administered to all chil-
dren with autism spectrum disorder (ASD) or just those most severely affected? 
What type of EIBI approach should be used? Should speech-language services and 
parent delivery models be integrated into the EIBI program? These are the kinds of 
questions that ASD policymakers are grappling with as the incidence of ASD 
climbs. Regrettably, there is not an unlimited supply of money to pay for all poten-
tially beneficial services. An efficient allocation of resources requires that a choice 
be made among services options. It is the goal of health economic evaluation to 
determine which option is the most economically efficient, i.e., that maximizes ben-
efits to children and families for every dollar spent. Every dollar invested in a par-
ticular program or service takes a dollar away from the next best possible use of that 
money, thus poor allocation of budgets results in waste and lost benefits. In this 
chapter the basic concepts and methods of economic evaluation are introduced and 
studies that have evaluated the cost-effectiveness of EIBI in ASD are presented and 
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reviewed. Finally, suggestions for expanding and improving economic evaluation of 
EIBI are proposed.

 Defining Economic Evaluation

An economic evaluation is defined as a comparison of two or more interventions in 
terms of both costs and health consequences. In the comparison of interventions, the 
inputs are the costs associated with resources consumed. With respect to ASD, these 
resources can be related to health, education, social services and community ser-
vices. These are weighed against the outputs, which are the improvements in health, 
function, quality of life or other dimensions observed as a consequence of consum-
ing the relevant resources. Simply measuring the volume of resources, such as the 
number of days spent with a behavioural therapist, or what this costs, is never the 
endpoint in an economic evaluation. The goal is to determine whether these 
resources resulted in improvement in health status, and whether that improvement 
represents good value for money.

In economic evaluation, typically a new or updated treatment approach is com-
pared to standard care. One or more comparators must always be stipulated in eco-
nomic evaluation. Thus, the costs and consequences of the new treatment are 
measured in comparison to the standard care and possibly other treatment alterna-
tives. The two most common analytic approaches to economic evaluation are cost- 
effectiveness analysis (CEA) and cost-utility analysis (CUA). CEA measures 
outcomes in natural health units. Examples at the person-level include scores on 
functional measures such as the Vineland Adaptive Behavior Scales, 2nd Edition 
(VABS-II), a measure of child adaptive behaviour in communication, daily living 
skills, motor and socialization domains (Sparrow et al., 2005). At the population 
level, an outcome might be the number of cases successfully treated with the EIBI 
program of interest. The precise choice of outcome measure may vary between 
studies, complicating comparisons between them. The problem of disparate out-
comes is solved by using a common metric. In CUA, the quality-adjusted life year 
(QALY) is used. The QALY is a composite measure that considers not only the life 
years achieved for any given intervention, but also the health-related quality of life 
that the person experiences during those life years. The health-related quality of life 
effects are used as a weight to adjust the observed life expectancy. Knowing there is 
an improvement in quality-adjusted life years, not just the number of life years, is 
an important consideration when making an allocation decision. A significant 
advantage of the QALY is that it allows comparisons not only across different stud-
ies, but across different patient groups and therapeutic areas. For that reason it is 
considered a universal outcome measure and is recommended by economic evalua-
tion guidelines (CADTH, 2017; Neumann et al., 2017). Despite the allure of the 
universal metric, CUAs are often difficult to carry out in children with ASD as avail-
able measures may not have the appropriate performance characteristics or sensitiv-
ity to detect clinically important changes.
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If compared to standard care a new intervention is more costly and not as effec-
tive, then it is dominated by standard care and is clearly not a worthy investment. If 
the intervention saves money and results in better outcomes compared to standard 
care, then it is surely worth adopting. The remaining scenarios are the ones for 
which economic evaluation is most critical—when the intervention is less costly but 
also less effective or when the intervention is more costly but also more effective 
than standard care.

 The Research Question

The first step in an economic evaluation is to specify a research question which 
flows from a problem identified by a relevant stakeholder such as clinical or policy 
decision-maker and addresses a gap in existing evidence. Begin by:

• Identifying a gap in the evidence base
• Stating the study purpose and rationale
• Identifying the target knowledge user audience
• Posing a clear research question in terms of costs, outcomes, comparators, per-

spective and target population

 Costing

An economic evaluation weighs the additional costs of a new intervention against 
any added benefits, compared to standard care. While ‘benefits’ may be represented 
in terms of a single effectiveness variable such as QALYs, the cost consists of many 
cost item variables, all of which must be properly combined to accurately represent 
the costs of individuals receiving an intervention. The costing process is comprised 
of these steps often requiring extensive data collection (Jacobs & Roos, 1999):

 1. Cost item identification
 2. Cost item measurement
 3. Valuation

 Cost Item Identification

The cost items that are included in an economic evaluation are broadly grouped into 
three categories: (1) direct ASD care-related costs; (2) direct patient/family (out-of- 
pocket) costs and (3) indirect costs. It is important to know about consumption of all 
ASD-related services used during the period of EIBI that may affect the outcomes 
of interest. Unlike the majority of health economic evaluations, studies in ASD 
require enumeration of resources that are not only related to healthcare (e.g. 
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developmental pediatrician), but also to education (e.g. classroom support workers), 
community services (e.g. special education daycare programs) and social services 
(e.g. parent respite) (Genereaux et al., 2016; Ungar et al., 2018; Volden et al., 2015). 
Depending on how ASD programs are structured, families are likely to incur direct 
out-of-pocket costs to receive services or may have some services covered by insur-
ance. Out-of-pocket costs can be considerable and pose a financial burden for some 
families over a short or long interval (Barrett et al., 2012; Horlin et al., 2014). A 
large out-of-pocket expenditure burden may influence how families choose health 
and other types of services and it’s therefore important that these cost items not be 
overlooked. The third category of cost items are the indirect costs, also referred to 
as productivity costs. In addition to paying out-of-pocket for some or all ASD ser-
vices, parents and other caregivers can miss time from work and other activities to 
attend to the child with ASD. These time losses can be substantial (Tsiplova et al., 
2019). Examples of cost items included in an economic evaluation of EIBI are listed 
in Table 1.

Table 1 Examples of cost items and inclusion by perspective

Category Item
Perspective

Family Public Societal

EIBI Labor ☐ ☒ ☒
Operating expenses ☐ ☒ ☒
Support worker travel ☐ ☒ ☒

Direct Health/Community/
Education Services

Early intervention ☐ ☒ ☒
Behavioural intervention ☒ ☒ ☒
Speech-language pathologist ☒ ☒ ☒
Occupational therapist ☒ ☒ ☒
Physiotherapist ☒ ☒ ☒
Respite ☒ ☒ ☒
Medications ☒ ☒ ☒
Physician assessments (may vary by 
specialty)

☐ ☒ ☒

Direct Non-Health 
Services

Products and materials ☒ ☐ ☒
Complementary health practitioner 
services (may vary by specialty)

☒ ☐ ☒

Complimentary medications ☒ ☐ ☒
Dietary changes ☒ ☐ ☒
Recreational activities ☒ ☒ ☒
Family travel, accommodation and 
transportation to site of service delivery

☒ ☐ ☒

Indirect (Productivity) 
Costs

Absence from paid labor ☐ ☐ ☒
Absence from unpaid labor, volunteer 
work or usual activities

☐ ☐ ☒

Restricted activity days ☐ ☐ ☒
Lost leisure time ☐ ☐ ☒
Informal caregiver time ☐ ☐ ☒
Travel time to access care ☐ ☐ ☒

Abbreviations: EIBI Early Intensive Behavioural Intervention
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 Cost Item Measurement

For every cost item, two variables are relevant: the volume of use and the unit price. 
Cost item measurement refers to collecting the necessary data related to both vol-
ume of use and price for each item. Accurately measuring volumes of resource use 
across multiple sectors requires a valid tool with sufficient breadth to capture rele-
vant services and resources. The tool should also capture how the service is paid for, 
such as by a publicly subsidized program, private insurance or out-of-pocket. It is 
often expedient to consider “piggy-backing” an economic evaluation onto a planned 
clinical trial of a new EIBI treatment and administer the tool alongside other clinical 
trial instruments. Prospective data collection may be supplemented by retrospective 
data collection from patient charts and health plan administrative databases.

Unit prices for identified resources can often be obtained from existing sources 
such as fee schedules for physicians and clinical psychologists and drug formular-
ies. The tool used to collect resource use data should also collect the prices paid by 
parents for goods and services purchased out-of-pocket. In collecting and assigning 
prices to cost items, one must be aware of the difference between prices and charges. 
The best value for prices is the one that represents the true value, or opportunity cost 
of the good or service, before any mark-ups or taxes are added.

Omitting indirect or time costs from an economic evaluation can bias the result 
if these costs are significant, such as in the case of parents caring for their children 
with ASD.  It is preferable to collect these data prospectively from parents, with 
repeated assessments as needed. Just as prices represent the value of goods and 
services, in the human capital approach, wages represent the value of time (Liljas, 
1998). Using reported wages to value time losses may affect the validity of the find-
ings if time loss contributes significantly to total cost. An alternative approach is to 
value reported time losses by average national statistical wages. These data, strati-
fied by age, sex and occupation, may be available from national census data sources.

 Cost Valuation

When stochastic data have been collected for each study participant i, cost valuation 
begins at the level of the individual. The cost of each item is valued by multiplying 
price (p) by person-level resource use, or quantity (qi). For indirect costs, the unit 
price is represented by hourly or daily wage and the quantity of resource use by the 
parent or caregiver’s hours or days lost. Once the volumes and prices for all items 
are determined, a vector of total costs per person can be calculated as follows:

 

TotalCost i
j

j n

j ijp q� �
�

�

�
1  

The total cost for participant i equals the sum of price multiplied by quantity for 
all cost items j, where the range of j extends from 1 through n cost items. With a 
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total cost per person, descriptive statistics can be determined including mean and 
standard deviation of the total costs for each comparator group. Additional statis-
tics, such as median, interquartile range and minimum and maximum are also infor-
mative, particularly when cost data are not normally distributed. Differences in the 
mean cost per patient between groups can be tested for statistical significance using 
an inferential test that is appropriate for the data.

In addition to descriptive statistics on total costs per person for each group, it 
may be useful to compare the mean costs per person for each major cost item or 
category, such as EIBI costs, health services costs, or educational costs. Another 
useful descriptive statistic is the percent contribution of each major cost category to 
total costs.

The above discussion of cost valuation assumes that stochastic data are available 
for individual study subjects. For many economic evaluations this is not the case, 
and instead costing proceeds based on a hypothetical, well described cohort of chil-
dren with ASD. For cost item measurement and valuation, probabilities of use of 
each of the cost items are determined for strata that represent different outcomes, 
such the sub-groups of children representing different levels of severity (and hence 
consume different volumes of resource use). Probabilities are obtained from the 
literature and a decision model is built using the principles of decision analysis 
(Drummond et al., 2015).

 Study Perspective

The cost items to be included in an economic evaluation are determined by the 
payer perspective of the analysis. The choice of perspective should consider the 
research question and the target audience. As information about EIBI cost- 
effectiveness is used by ASD program decision-makers to determine whether to pay 
for a new service or intervention, a public payer perspective (including health, edu-
cation and other publicly subsidized services) is a common approach. It may be 
appropriate to take a wider perspective that encompasses costs incurred by the pub-
lic payer as well as by private third party insurers. In jurisdictions where the target 
population may be mostly uninsured, or when families bear a substantial portion of 
intervention costs, then a patient or family perspective is also appropriate.

Not included in any of the conventional perspectives are the indirect costs. Time 
losses incurred to parents and caregivers are included only in a societal perspective. 
For a decision that affects a large health planning region, such as the number and 
location of EIBI delivery sites, the principal decision-maker is the ASD program 
manager. While this decision-maker may be principally concerned with the pro-
gram’s budget and expenditures, the decision-maker must recognize that depending 
on the location of these services, parents may have to travel long distances to have 
their children receive care, incurring out-of-pocket costs as well as indirect produc-
tivity costs. Including a societal perspective alongside other perspectives can be 
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highly informative and is recommended (Ungar, 2010). How cost items are mapped 
to different payer perspectives is indicated in Table 1.

 Outcome Measurement

The choice of effectiveness measure may represent the goals of the intervention, 
such as VABS-II domains or other functional measures. While CEAs enable the 
specification of a variety of outcomes, effective EIBI can have significant impacts 
on a child’s health-related quality of life (HRQoL). There is a wide array of struc-
tured psychometrically valid HRQoL instruments available. These instruments typi-
cally consist of a series of closed-ended questions grouped in domains such as 
physical functioning, emotion, cognitive function, social interactions, and gen-
eral health.

When HRQoL is expected to be an important outcome in a prospective economic 
evaluation, it is ideal to measure it with a valid preference-based instrument. A 
preference-based instrument elicits an individual’s utility, or preference, for a given 
health state, based on the classic conceptual domains of HRQoL. These utilities are 
then applied as weights to a child’s life expectancy for the calculation of QALYs 
(Drummond et al., 2015). As described above, QALYs are a universal and therefore, 
a powerful outcome measure. Because differences in QALYs between groups will 
be observed as long as the quality of life effects are present, QALYs can be per-
formed even when life expectancy is not expected to change. It should also be noted 
that utility is difficult to ascertain in certain vulnerable populations, such as young 
children with ASD or cognitive impairment. The researcher must rely on a proxy 
reporter in these cases, such as a parent, who may have an imperfect perception of 
the individual’s health state preferences (Ungar, 2011).

In a study comparing two preference-based HRQoL instruments in children with 
ASD, the Health Utilities Index (HUI)3 was more sensitive and responsive to clini-
cal changes in adaptive and cognitive function compared to the Quality of Well- 
Being scale (Tilford et  al., 2012). While preference-based instruments are 
increasingly becoming available to generate utilities for pediatric health states, 
including pediatric-specific measures (Stevens, 2011; Wille et al., 2010), the wide 
heterogeneity in presentation of symptoms in children with ASD makes it challeng-
ing to assign utility weights for particular health states compared to other pediatric 
conditions (Payakachat et al., 2012). While generic instruments are useful for com-
paring quality-of-life effects across diverse populations, they may be too blunt to 
detect small but clinically important changes in function. Incorporating both a 
generic and a disease-specific quality of life measure into a prospective study is 
therefore often a useful strategy.
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 Time Horizon

In designing an economic evaluation, one must also specify the duration of time for 
measurement of costs and health consequences. Although the period of EIBI coin-
cides with a child’s pre-school years, an effective program may demonstrate long- 
lasting benefits experienced over the lifetime though reduced need for educational 
supports and social services, greater workforce participation, and greater functional 
independence during the adult years. A mismatch between the timing of costs and 
timing of benefits of EIBI can be problematic for ASD program decision-makers 
who wish to support EIBI investment. Analysts must distinguish between costs and 
outcomes that occur today versus those that are deferred into the future. This is 
handled by applying a discount rate to costs and outcomes when they are measured 
over a year or more. The same constant rate should be applied to both costs and 
consequences and this rate is typically 1–5%, reflecting society’s rate of positive 
time preference (CADTH, 2017).

It becomes clear that when long time horizons are needed, the ability to collect 
all necessary long-term data on resource use and outcomes becomes extremely 
challenging. Good quality data can come from longitudinal cohorts of children with 
ASD exposed to different types of EIBI programs provided that sufficient details 
regarding the EIBI programs and other resources used are collected in addition to 
outcomes.

 Cost-Effectiveness Analysis

As described at the start of this chapter, a cost-effectiveness analysis is a full eco-
nomic evaluation whereby both costs and consequences of programs or treatments 
are examined, the outcomes are measured in natural units (e.g., VABS-II score) and 
are common to all comparators. The results of a CEA are expressed as the incre-
mental cost per unit of effectiveness, e.g. dollars per unit of improvement in adap-
tive function.

The unit of analysis for costs and outcomes is often the child. When the measure 
of effectiveness is a proportion, such as the percent of children achieving a clinically 
significant response, it can be easier for decision-makers to interpret the analysis if 
the costs and outcomes are scaled to a group of 100 or 1000 patients.

The point estimates of the means for each treatment group are represented in an 
incremental cost-effectiveness ratio (ICER):

 

Incremental cost-effectiveness ratio:
Cost CostIntervention St� aandardCare

Intervention StandaEffectiveness Effectiveness

� �
� rrdCare� �

 

W. J. Ungar and K. Tsiplova



687

The numerator of the ICER is the difference in mean costs between the experi-
mental intervention and standard care (or another comparator). The denominator 
expresses the difference in mean outcomes between comparators. By subtracting 
the mean values for costs and outcomes of standard care from the intervention, one 
can determine the added or incremental costs associated with the intervention per 
unit of added or incremental benefit achieved. ICERs therefore allow the direct 
comparison of two comparators in terms of costs and outcomes. If data on life 
expectancy and utility related to treatments are available, then a CUA that examines 
the incremental cost per QALY gained can be conducted.

A separate analysis should be conducted for each payer perspective (public 
payer, family, societal) whereby the total cost estimate is varied. It may also be use-
ful to conduct separate analyses for hypothetical sub-groups of children that are 
clinically distinct, e.g. by age group, diagnostic sub-type or presence of comorbid 
conditions. The analysis inputs would then be customized for these sub-groups.

 Uncertainty

Economic evaluations require large amounts of accurate data. In the case of missing 
or uncertain data, assumptions are needed. For example, if behavioural therapist 
salaries are not available for the jurisdiction where the work is being performed, 
then wages from a neighboring region or a similar profession may be used with the 
assumption that the values are similar. When data on the frequency of longer term 
outcomes, the magnitude of quality of life improvements or other variables are not 
available, a panel of experts might be convened to provide estimates based on their 
practices. However, consulting experts should only be considered if consensus is 
anticipated based on their depth of knowledge and experience. If there is too much 
uncertainty, it may not be possible to conduct a reliable analysis.

Assumptions may be needed for the point estimate of a variable or for the upper 
and lower bounds that are used to indicate the precision of the point estimate. For 
every study, a researcher must state all assumptions explicitly, with a rationale for 
the values used in the analysis. Sensitivity analysis is employed to assess the sensi-
tivity of the incremental costs, incremental effects and the ICER to changes in the 
underlying assumptions.

Advanced probabilistic techniques can be used which directly incorporate uncer-
tainty into the analysis. In a probabilistic analysis, a point estimate and a range, 
often the 95% confidence intervals or standard deviations, are specified for every 
variable, along with a distribution (e.g. normal, beta, gamma, log-normal, uniform) 
(Briggs et al., 2006). Through Monte Carlo simulation, the data are sampled 5000 
times or more. Each iteration produces values for incremental costs, incremental 
benefits and ICERs. From the 5000 samplings of the data, a probability that the 
intervention is cost-effective can be deduced. This is essentially the proportion of 
ICERs that demonstrate the intervention to be more effective and less costly than 
the standard care alternative.
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Because of the inherent uncertainty in economic evaluation, the results of sensi-
tivity analyses are as important as presenting the primary results. Sensitivity analy-
ses convey additional important evidence that allows the target user to judge their 
confidence in the allocation decision that flows from the findings.

 Synthesis, Reporting and Knowledge Translation

The final step is to ensure that the evidence gets into the hands of the decision- 
makers who need it. Ideally these individuals, representing clinical, institutional or 
jurisdictional decision-makers, will be involved as a partner from the first step of 
articulating the research question. Reporting back closes the loop to provide the 
necessary evidence.

Often the decision-maker wishes to determine whether a new intervention is 
cost-effective, i.e. make a value-for-money decision, under varying thresholds for 
willingness-to-pay. A decision-maker may have a higher or lower threshold for 
willingness- to-pay for any given intervention depending on the jurisdiction, societal 
values regarding the health gains and who is incurring them, and the available budget.

To determine the net monetary benefit of an intervention, a decision-makers’ 
willingness-to-pay threshold, say $50,000 for a QALY gain, is assigned. If a new 
intervention yields QALY gains that when converted to dollars with the selected 
threshold yield more benefits than costs, then the intervention is deemed cost- 
effective. If the willingness-to-pay for a QALY gain is very high, then there is a high 
probability than the monetary health benefits will exceed the costs.

The issue of generalizability to other populations or other jurisdictions must also 
be addressed, particularly if the final report is widely disseminated. Any plans to 
update the analysis, for example, in the event that novel approaches to EIBI are 
introduced, should be described.

In a society with complex health, education and social service systems, families 
of children with ASD expect the very best in care. This includes timely access to 
state-of-the-art treatments and services. At the same time, the North American pop-
ulation is aging and consuming more health care while growing economic pressures 
put constraints on public spending. In the widening gap between the demand for 
high quality ASD services and the availability of limited resources to deliver that 
care, opportunistic inequities can arise. The answer is not to spend more on services, 
but to increase efficiency and consume only the resources that have demonstrated 
benefits. Health economic evaluation helps to reduce inequity and inefficiency by 
producing evidence that allows decision-makers to make allocation decisions that 
maximize benefits for dollars spent.
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 Economic Evaluations of Early Intensive 
Behavioural Intervention

To illustrate the application of economic evaluation methods to interventions in 
ASD, a review of key studies evaluating the cost-effectiveness of EIBI as well as 
studies comparing costs of early intervention programs was conducted. The meth-
ods and results of each study included in the review are summarized in Tables 2 and 
3, respectively.

The reported target population was primarily children with ASD, but occasion-
ally included children with unspecified developmental delay. Eligible age ranges 
were 2–6 years of age (i.e. preschool aged children) for most studies. Two studies 
that assessed the Early Start Denver Model (ESDM) included children aged 
15–30 months (Penner et al., 2015; Cidav et al., 2017). The cost savings or outcome 
gains of EIBI were estimated until age of retirement (65 years), with some studies 
having a much shorter time horizon: 2 years (Tsiplova et al., 2019), follow-up to 
6 years (Cidav et al., 2017) and 4–22 years (Chasson et al., 2007). Of the eight stud-
ies reviewed, five were cost analyses with no outcomes reported and three reported 
the incremental changes in both costs and outcomes. The latter CEA studies used a 
decision analysis approach. Costs were measured from a public payer perspective in 
all studies, while societal costs were additionally estimated in four studies and only 
one study measured costs to families (Tsiplova et al., 2019). Among all studies, the 
breadth of sectors considered was wide and included costs associated with health, 
educational and community services. The authors of the three cost-effectiveness 
analyses measured outcomes as dependency-free life years gained to age 65. No 
study conducted a cost utility analysis.

Several studies (Jacobson et  al., 1998; Motiwala et  al., 2006; Chasson et  al., 
2007; Peters-Scheffer et al., 2012) calculated representative costs of EIBI and other 
related autism services and in some studies modified published efficacy rates of 
EIBI (Lovaas, 1987) to estimate long-term cost savings of EIBI per child with ASD 
per unit of functional improvement. It was assumed that children with ASD who 
received EIBI would be more likely to achieve normal to semi-dependent function-
ing compared to children with did not receive EIBI and therefore would require less 
continued ASD services, such as special education, respite services and other child 
and adult support programs.

The total costs savings of EIBI and comparators varied due to study differences 
in model time horizons, types of costs included, settings and efficacy rates. In 
Motiwala et al. (2006), the authors used published estimates of both direct and indi-
rect costs of EIBI and other ASD services, including adult care, and showed that an 
expansion of EIBI program to all eligible children in Ontario, Canada was domi-
nant, resulting in cost savings to the public sector (over $45 million in 2003 CAD) 
and gains in dependency-free life years of 4.5  years per person compared to no 
EIBI, and gains of 2.8 years per person compared to EIBI provision for severely 
affected individuals until age 65 years. Using IQ as a measure of dependency and 
including both direct and indirect costs, (Penner et  al., 2015) showed that the 

Economic Evaluations of Early Intensive Behavioral Interventions for Autism



690

Ta
bl

e 
2 

St
ud

y 
ch

ar
ac

te
ri

st
ic

s

A
ut

ho
r, 

Y
ea

r, 
C

ou
nt

ry
R

el
ev

an
t t

ar
ge

t 
po

pu
la

tio
n

Pe
rs

pe
ct

iv
e

A
na

ly
tic

 
te

ch
ni

qu
e

T
im

e 
ho

ri
zo

n
M

od
el

 ty
pe

In
te

rv
en

tio
ns

 a
nd

 
co

m
pa

ra
to

rs
C

os
ts

 in
cl

ud
ed

H
ea

lth
 

ou
tc

om
es

Ja
co

bs
on

 
et

 a
l.,

 1
99

8,
 

U
SA

C
hi

ld
re

n 
w

ith
 A

SD
 

or
 P

D
D

-N
O

S,
 

3 
ye

ar
s 

ol
d

Pu
bl

ic
 (

PA
)

C
os

t 
an

al
ys

is
3 

to
 

55
 y

ea
rs

D
ec

is
io

n 
an

al
ys

is
• 

3-
ye

ar
 E

IB
I 

an
d 

us
ua

l c
ar

e
• 

U
su

al
 

co
m

m
un

ity
 c

ar
e

E
IB

I,
 f

am
ily

 s
up

po
rt

s,
 

pu
bl

ic
 s

er
vi

ce
s,

 r
eg

ul
ar

 
an

d 
sp

ec
ia

l e
du

ca
tio

n,
 

ad
ul

t s
up

po
rt

s,
 c

om
m

un
ity

 
se

rv
ic

es
.

N
ot

 
ap

pl
ic

ab
le

M
ot

iw
al

a 
et

 a
l.,

 2
00

6,
 

C
an

ad
a

C
hi

ld
re

n 
w

ith
 A

SD
, 

2–
5 

ye
ar

s 
ol

d
Pu

bl
ic

 (
O

N
),

 
so

ci
et

al
C

E
A

2–
5 

to
 

65
 y

ea
rs

D
ec

is
io

n 
an

al
ys

is
• 

E
xp

an
si

on
 o

f 
E

IB
I 

to
 a

ll 
ch

ild
re

n 
w

ith
 

A
SD

• 
St

at
us

 q
uo

 
E

IB
I 

(s
ev

er
e 

on
ly

)
• 

N
o 

E
IB

I

IB
I,

 r
es

pi
te

 s
er

vi
ce

s,
 

sp
ee

ch
 a

nd
 la

ng
ua

ge
 

th
er

ap
y,

 s
pe

ci
al

 e
du

ca
tio

n,
 

ad
ul

t s
up

po
rt

, p
ro

du
ct

iv
ity

 
lo

ss
es

.

D
ep

en
de

nc
y-

 
fr

ee
 li

fe
 y

ea
rs

C
ha

ss
on

 
et

 a
l.,

 2
00

7,
 

U
SA

C
hi

ld
re

n 
w

ith
 A

SD
, 

4 
ye

ar
s 

ol
d

Pu
bl

ic
 (

T
X

)
C

os
t 

an
al

ys
is

4 
to

 
22

 y
ea

rs
D

ec
is

io
n 

an
al

ys
is

• 
3-

ye
ar

 E
IB

I
• 

Sp
ec

ia
l 

ed
uc

at
io

n 
se

rv
ic

es

E
IB

I,
 s

pe
ci

al
 e

du
ca

tio
n.

N
ot

 
ap

pl
ic

ab
le

Pe
te

rs
- 

Sc
he

ff
er

 
et

 a
l.,

 2
01

2,
 

N
et

he
rl

an
ds

C
hi

ld
re

n 
w

ith
 A

SD
, 

3 
ye

ar
s 

ol
d

Pu
bl

ic
 (

N
L

)
C

os
t 

an
al

ys
is

3 
to

 
65

 y
ea

rs
D

ec
is

io
n 

an
al

ys
is

• 
E

IB
I 

(1
2–

36
 m

on
th

s 
du

ra
tio

n)
• 

T
re

at
m

en
t a

s 
us

ua
l

E
IB

I,
 p

re
sc

ho
ol

, p
ri

m
ar

y 
an

d 
se

co
nd

ar
y 

ed
uc

at
io

n,
 

sp
ec

ia
l e

du
ca

tio
n,

 
vo

ca
tio

na
l e

du
ca

tio
n,

 
se

cu
ri

ty
 in

co
m

e,
 a

du
lt 

su
pp

or
t p

ro
gr

am
s.

N
ot

 
ap

pl
ic

ab
le

W. J. Ungar and K. Tsiplova



691

A
ut

ho
r, 

Y
ea

r, 
C

ou
nt

ry
R

el
ev

an
t t

ar
ge

t 
po

pu
la

tio
n

Pe
rs

pe
ct

iv
e

A
na

ly
tic

 
te

ch
ni

qu
e

T
im

e 
ho

ri
zo

n
M

od
el

 ty
pe

In
te

rv
en

tio
ns

 a
nd

 
co

m
pa

ra
to

rs
C

os
ts

 in
cl

ud
ed

H
ea

lth
 

ou
tc

om
es

Pe
nn

er
 e

t a
l.,

 
20

15
, C

an
ad

a
To

dd
le

rs
 a

ge
d 

15
–3

6 
m

on
th

s 
w

ith
 

un
di

ff
er

en
tia

te
d 

de
ve

lo
pm

en
ta

l 
co

nc
er

ns

Pu
bl

ic
 (

O
N

),
 

so
ci

et
al

C
E

A
15

–
36

 m
on

th
s 

to
 6

5 
ye

ar
s

D
ec

is
io

n 
an

al
ys

is
• 

Pr
e-

di
ag

no
si

s 
E

SD
M

• 
Pr

e-
di

ag
no

si
s 

pa
re

nt
-d

el
iv

er
ed

 
E

SD
M

• 
St

at
us

 q
uo

 
(l

im
ite

d 
ac

ce
ss

 
to

 E
IB

I 
af

te
r 

di
ag

no
si

s)

E
SD

M
, e

ar
ly

 c
hi

ld
ho

od
 

th
er

ap
is

t, 
de

ve
lo

pm
en

ta
l 

as
se

ss
m

en
ts

, r
es

pi
te

, 
tr

an
si

tio
n 

se
rv

ic
es

, s
pe

ci
al

 
ed

uc
at

io
n,

 a
du

lt 
su

pp
or

ts
, 

ph
ys

ic
ia

n 
an

d 
ho

sp
ita

l 
se

rv
ic

es
, p

ro
du

ct
iv

ity
 

lo
ss

es
.

D
ep

en
de

nc
y-

 
fr

ee
 li

fe
 y

ea
rs

C
id

av
 e

t a
l.,

 
20

17
, U

SA
C

hi
ld

re
n 

ag
ed

 
18

–3
0 

m
on

th
s 

w
ith

 
A

SD
 o

r 
PD

D
-N

O
S

Pu
bl

ic
 

(S
ea

ttl
e,

 
W

A
)

C
os

t 
an

al
ys

is
18

–
30

 m
on

th
s 

to
 6

 y
ea

rs

A
lo

ng
 R

C
T

• 
E

SD
M

• 
U

su
al

 
co

m
m

un
ity

 c
ar

e

E
SD

M
, E

IB
I,

 g
en

er
al

 
ed

uc
at

io
n,

 O
T

/P
T,

 s
oc

ia
l 

sk
ill

s 
tr

ai
ni

ng
, s

pe
ec

h 
th

er
ap

y,
 s

pe
ci

al
 e

du
ca

tio
n 

an
d 

ot
he

r 
m

is
ce

lla
ne

ou
s 

se
rv

ic
es

.

N
ot

 
ap

pl
ic

ab
le

Pi
cc

in
in

ni
 

et
 a

l.,
 2

01
7,

 
C

an
ad

a

C
hi

ld
re

n 
w

ith
 

se
ve

re
 A

SD
, 

3–
6 

ye
ar

s 
ol

d

Pu
bl

ic
 (

O
N

),
 

so
ci

et
al

C
E

A
3–

6 
ye

ar
s 

to
 6

5 
ye

ar
s

D
ec

is
io

n 
an

al
ys

is
• 

R
ed

uc
ed

 
E

IB
I 

w
ai

t t
im

e
• 

E
lim

in
at

ed
 

E
IB

I 
w

ai
t t

im
e

• 
C

ur
re

nt
 E

IB
I 

w
ai

t t
im

e 
(3

2 
m

on
th

s)

IB
I,

 A
SD

-r
el

at
ed

 h
ea

lth
 

ca
re

, t
ra

ns
iti

on
 s

er
vi

ce
s,

 
sp

ec
ia

l e
du

ca
tio

n,
 a

du
lt 

su
pp

or
ts

, p
ro

du
ct

iv
ity

 
lo

ss
es

.

D
ep

en
de

nc
y-

 
fr

ee
 li

fe
-y

ea
rs

(c
on

tin
ue

d)

Economic Evaluations of Early Intensive Behavioral Interventions for Autism



692

Ta
bl

e 
2 

(c
on

tin
ue

d)

A
ut

ho
r, 

Y
ea

r, 
C

ou
nt

ry
R

el
ev

an
t t

ar
ge

t 
po

pu
la

tio
n

Pe
rs

pe
ct

iv
e

A
na

ly
tic

 
te

ch
ni

qu
e

T
im

e 
ho

ri
zo

n
M

od
el

 ty
pe

In
te

rv
en

tio
ns

 a
nd

 
co

m
pa

ra
to

rs
C

os
ts

 in
cl

ud
ed

H
ea

lth
 

ou
tc

om
es

T
si

pl
ov

a 
et

 a
l.,

 2
01

9,
 

C
an

ad
a

Pr
es

ch
oo

l-
ag

ed
 

ch
ild

re
n 

w
ith

 A
SD

Pu
bl

ic
 (

N
B

, 
N

S)
, f

am
ily

, 
so

ci
et

al

C
os

t 
an

al
ys

is
2 

ye
ar

s
Pr

os
pe

ct
iv

e 
ob

se
rv

at
io

na
l

• 
N

B
 E

IB
I 

pr
og

ra
m

• 
N

S 
E

IB
I 

pr
og

ra
m

E
IB

I,
 o

th
er

 e
ar

ly
 a

nd
 

be
ha

vi
ou

ra
l i

nt
er

ve
nt

io
ns

, 
sp

ee
ch

 th
er

ap
y,

 O
T

/P
T,

 
re

sp
ite

, o
th

er
 

m
is

ce
lla

ne
ou

s 
se

rv
ic

es
, 

m
ed

ic
at

io
ns

, o
th

er
 h

ea
lth

 
se

rv
ic

es

N
ot

 
ap

pl
ic

ab
le

A
bb

re
vi

at
io

ns
: A

SD
 a

ut
is

m
 s

pe
ct

ru
m

 d
is

or
de

r, 
P

D
D

-N
O

S 
pe

rv
as

iv
e 

de
ve

lo
pm

en
ta

l d
is

or
de

r—
no

t o
th

er
w

is
e 

sp
ec

ifi
ed

, E
IB

I 
ea

rl
y 

in
te

ns
iv

e 
be

ha
vi

ou
ra

l i
nt

er
-

ve
nt

io
n,

 C
E

A
 c

os
t 

ef
fe

ct
iv

en
es

s 
an

al
ys

is
, 

E
SD

M
 E

ar
ly

 S
ta

rt
 D

en
ve

r 
M

od
el

, 
R

C
T

 r
an

do
m

iz
ed

 c
on

tr
ol

le
d 

tr
ia

l, 
O

T
/P

T
 o

cc
up

at
io

na
l/p

hy
si

ca
l 

th
er

ap
y,

 P
A

 
Pe

nn
sy

lv
an

ia
, O

N
 O

nt
ar

io
, T

X
 T

ex
as

, N
L

 N
et

he
rl

an
ds

, W
A

 W
as

hi
ng

to
n,

 N
B

 N
ew

 B
ru

ns
w

ic
k,

 N
S 

N
ov

a 
Sc

ot
ia

W. J. Ungar and K. Tsiplova



693

Table 3 Study results

Author, Year, 
Country Costs Outcomes Results

Jacobson et al., 
1998, USA

Net costs per child 
(over 3–55 years):
• $1,275,785 (1996 
USD) for moderate 
effects of EIBI
• $1,689,844 (1996 
USD) for minimal 
effects of EIBI

Not applicable Total cost savings of EIBI per child 
(over 3–55 years) ranged from 
$656,385 (1996 USD) and 
$1,081,984 (1996 USD)

Motiwala et al., 
2006, Canada

Average total 
discounted costs per 
child:
• $960,595 (2003 
CAD) for EIBI 
expansion
• $995,074 (2003 
CAD) for status quo
• $1,014,315 (2003 
CAD) for no EIBI

Discounted 
DFLYs gained 
until 65 years of 
age were
• 14.0 under 
EIBI expansion
• 11.2 under 
status quo
• 9.6 years under 
no EIBI

• EIBI expansion was dominant. 
Incremental cost savings per 
individual were: $53,720 (2006 
CAD) for expansion compared to no 
EIBI and $34,479 (2006 CAD) for 
expansion compared to status quo
• Incremental gains in per 
individual were: 4.5 DFLYs for 
expansion compared to no EIBI and 
2.8 DFLYs for expansion compared 
to status quo

Chasson et al., 
2007, USA

EIBI-driven cost 
reduction of special 
education services 
per child over 
15 years (age 4–22) 
was $84,000 (2007 
USD)

Not applicable Total savings of EIBI were $208,500 
(2007 USD) per child (over 
4–22 years). Based on 10,000 ASD 
cases in Texas, total savings for the 
state were $2.09 billion (2007 USD)

Peters- Scheffer 
et al., 2012, 
Netherlands

Total costs per child 
were:
• €4,308,056 
(2012) for EIBI
• €4,266,056 
(2012) for treatment 
as usual

Not applicable Total savings of EIBI were 
€1,103,067 (2012) per child (over 
3–65 years). For all individuals with 
ASD in Netherlands, cost savings of 
EIBI were €109,203,633,000 to 
€182,006,055,000

Penner et al., 
2015, Canada

Public costs per 
person were:
• $198,611 (2013 
CAD) for ESDM
• $177,740 (2013 
CAD) for parent 
delivered ESDM
• $186,373 (2013 
CAD) for Status Quo

Status quo, parent 
delivered ESDM 
and ESDM 
resulted in 1.98, 
2.15, 2.51 DFLYs, 
respectively

• Compared to status quo, ESDM 
resulted in an ICER of $23,000 
(2013 CAD) per DFLY, public 
perspective
• Compared to parent delivered 
ESDM, ESDM resulted in an ICER 
of $58,000 (2013 CAD) per DFLY, 
public perspective
• From public perspective, parent 
provided ESDM was dominant 
(incremental 0.17 DFLYs, $8600 
(2013 CAD)) compared to status quo
• From societal perspective, ESDM 
was dominant (incremental 0.53, 
$45,000 (2013 CAD) compared to 
status quo

(continued)
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Table 3 (continued)

Author, Year, 
Country Costs Outcomes Results

Piccininni 
et al., 2017, 
Canada

Public discounted 
costs per individual 
were:
• $742,488 (2016 
CAD) for current 
wait time for EIBI
• $713,182 (2016 
CAD) for reduced 
wait time
• $689,512 (2016 
CAD) for eliminated 
wait time

DFLYs were 3.75 
for current wait 
time for EIBI, 
5.03 for reduced 
wait time and 6.17 
for eliminated 
wait time

• Compared to status quo, reduced 
wait time resulted in an ICER of 
−$22,895 (2016 CAD) per DFLY, 
public perspective
• Compared to status quo, 
eliminated wait time resulted in an 
ICER of −$21,022 per DFLY, 
perspective
• Eliminated wait time was 
dominant with incremental cost 
savings of $52,976 (2016 CAD) and 
DFLY gain of 2.52, public 
perspective

Cidav et al., 
2017, USA

In the post- 
intervention period, 
total annual 
health-related service 
costs per child were:
• $31,962 (2017 
USD) for ESDM
• $50,969 (2017 
USD) for usual 
community care

Not applicable During the post-intervention period, 
ESDM resulted in cost savings of 
about $19,000 (2017 USD) per year 
per child

Tsiplova et al., 
2019, Canada

Annual total societal 
costs per child were:
• $14,516 and 
$8278 (2017 CAD) 
prior to EIBI in New 
Brunswick and Nova 
Scotia, respectively
• $41,318 and 
$94,611 (2017 CAD) 
during EIBI in New 
Brunswick and Nova 
Scotia, respectively

Not applicable Prolonged EIBI wait time in Nova 
Scotia meant that most parents 
sought and used other services in the 
meantime. During EIBI, parents 
incurred significant direct and 
indirect costs. Families in New 
Brunswick incurred greater 
out-of-pocket costs and productivity 
losses during EIBI than in Nova 
Scotia

Abbreviations: ASD autism spectrum disorder, EIBI early intensive behavioural intervention, ESDM 
Early Start Denver Model, DFLY disability-free life year

pre-diagnosis intensive ESDM with or without parental involvement administered 
to toddlers aged 15–36 months with undifferentiated developmental concerns was 
cost-effective compared to status quo treatment. From a societal perspective, the 
pre-diagnosis ESDM was dominant, resulting in $45,000 (2015 CAD) in savings 
per person and an additional 0.53 dependency-free life years compared to the status 
quo. Another cost-effectiveness analysis from the same research team (Piccininni 
et  al., 2017) examined whether reducing or eliminating wait times for EIBI in 
Ontario, Canada could result in cost savings and gains in dependency-free life years. 
The authors found that compared with a current wait time of 32 months, eliminating 
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wait time was the least costly and most effective strategy, resulting in cost savings 
of $52,976 (2017 CAD) and more than $267,000 (2017 CAD) per individual over 
the lifetime (to age 65 years) from both public and societal perspectives, respec-
tively and resulted in an incremental benefit of 2.52 dependency-free life years. 
However, this study failed to account for the significant costs that would be required 
to expand capacity to reduce or eliminate the wait time.

The review identified two cost analyses which were conducted prospectively 
alongside a randomized controlled trial (RCT) or as an observational study. In Cidav 
et  al. (2017), authors used data from an RCT of children with ASD aged 
18–30 months who were assigned to either ESDM delivered for 2 years or the usual 
community care and who were followed until 6 years of age. During the interven-
tion, parent-reported health-related costs were higher for the ESDM group. Post- 
intervention, total ASD-related service costs were significantly lower due to reduced 
use of applied behavioural analysis (ABA)/EIBI, speech therapy, and occupational/
physical therapy services, resulting in cost savings of about $19,000 (2017 USD) 
per child. In a prospective observational study comparing two provincial EIBI pro-
grams in New Brunswick and Nova Scotia, Canada, researchers collected multi- 
sectoral service use and cost data from parents for 12 months prior to and during a 
first year of EIBI (Tsiplova et al., 2019). The authors found significant differences 
between New Brunswick and Nova Scotia with respect to the utilization of services 
and costs to families, the public sector and society. The annual costs of EIBI per 
child were estimated to be $29,015 (2017 CAD) in New Brunswick and $90,200 
(2017 CAD) in Nova Scotia. The program in Nova Scotia, while more expensive, 
was delivered in family homes and daycare and included speech language therapy 
services, which reduced out-of-pocket, travel and productively losses for the fami-
lies in Nova Scotia relative to families in New Brunswick. The wait times for EIBI 
were shorter in New Brunswick than in Nova Scotia, which meant that most parents 
in Nova Scotia sought and used extensive services prior to receiving EIBI.

This review illustrates that there is a lack of published economic evaluations of 
EIBI. To date, studies that reported both incremental costs and outcomes used deci-
sion analysis, with none conducted alongside an observational study or an RCT 
recruiting children with ASD.  The review did not include cost-of-illness studies 
which measured the general costs of health, community, and/or education services 
for preschool- or school-aged individuals with ASD (Lavelle et  al., 2014; Cidav 
et al., 2013; Peacock et al., 2012; Horlin et al., 2014), since such studies did not 
focus on EIBI or other early intervention programs and were not comparative.

 Methodologic Challenges

EIBI and other applied behavioural analysis approaches to early intervention vary 
widely in structure, intensity, and duration of treatment (Smith, 2014). The optimal 
study design for ascertaining effectiveness, as well as cost-effectiveness, of alterna-
tive approaches to treatment is an RCT. However, the literature review found that 
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RCTs of EIBI are virtually non-existent. There are many challenges to conducting 
RCTs in children for any therapeutic indication (Council of Canadian Academies, 
2014) and it may be particularly difficult to enroll children with a spectrum disorder 
such as autism that manifest their symptoms with wide heterogeneity (Reichow 
et  al., 2018). Observing a treatment effect of EIBI in children with ASD would 
require a very large sample. Moreover, detecting the effects of treatment would 
require a lengthy observation period that extended at minimum over the preschool 
years of development. Observational study designs that enroll and continue to 
observe children with ASD over time may offer advantages with respect to a large 
sample size and longer follow-up period. However, since children who received 
EIBI and those did not might differ in terms of clinical and demographic character-
istics, collected data would be exposed to potential confounding. In addition, in a 
longer follow-up, attrition may be substantial. Furthermore, since such studies often 
compare EIBI programs offered in a community setting, participating children may 
be accessing services of varying intensity and fidelity. It is essential that in observa-
tional studies of EIBI programs, comparator and control group are well defined and 
data are collected on the intensity and duration of EIBI services. Another challenge 
that is particularly relevant for economic evaluation relates to the fact that ASD is a 
condition that is not primarily treated in the health sector. Initial assessment and 
diagnosis may be performed by a developmental pediatrician or a clinical psycholo-
gist, and the primary mode of treatment is behavioural, not biomedical. Parents 
typically access ASD services and programs in the health, education, community 
and social service sectors. Prospective studies must use valid tools that can capture 
the breadth of ASD-related services (Ungar et al., 2018). The wide range of services 
accessed by parents also points to the need to consider multiple payer perspectives 
in economic evaluations of EIBI, including the public sector (consisting of health, 
education, social and community services), the family, to allow for an accounting of 
the financial burden on families, and society as a whole, so that indirect productivity 
costs—often substantial for parents and informal care providers—can be included.

The present literature review revealed a preponderance of modeling studies using 
decision analysis, which are common in economic evaluation. While these designs 
are expedient and do not require prospective data collection, they are severely con-
strained by the availability of data on costs and outcomes from published studies. 
Thus, decision models risk oversimplifying resource use and outcomes for children 
with ASD, do not allow sub-groups comparisons, and are associated with extensive 
uncertainty, particularly when constructed over long time horizons. Better quality 
representations of ASD can be constructed with health-state transition (Markov) 
models that assign a utility and costs to individual health states, but these data 
require substantially more input data on health states that change over time com-
pared to decision trees and none such studies were found.

Economic evaluations of EIBI are jurisdictional by design—they aim to synthe-
size evidence on costs and outcomes to serve a policy decision-maker for a particu-
lar region or health plan. The paucity of high quality economic evidence for policy 
decision-makers has undoubtedly contributed to the wide variation in programs 
observed across jurisdictions (Volden et al., 2015; L & M Policy Research, 2014). 
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Depending on the geographic region or health plan, the policy question may differ. 
When multiple jurisdictions or health plans require evidence of EIBI program effec-
tiveness for optimal EIBI program design and delivery, it may be possible to transfer 
economic results by omitting irrelevant cost items, adjusting the payer and/or per-
forming currency conversion.

Despite these enormous challenges, prospective research should be conducted to 
evaluate the effectiveness of alternative EIBI program designs, with the collection 
of resource use and preference-based health-related quality of life data incorporated 
in the design. Interest in newer naturalistically-based, early-start, and parent- 
mediated approaches to EIBI is growing and these options may have important 
impacts on resource use and productivity (Ip et al., 2019; Smith, 2014). Prospective 
well-designed comparisons of newer approaches to more conventional EIBI are 
essential. The evidence base for EIBI programs must grow substantially to enable 
the conduct of high quality economic to inform funding decisions.

 Conclusions

The evidence base for economic evaluations of EIBI remains sparse, with an urgent 
need for high quality prospective evaluations to ensure that allocation of limited 
public payer or health plan funds are optimized. The challenges of conducting such 
studies are not trivial, but adherence to basic principles of study design as delineated 
in this chapter, will greatly facilitate such research.

In addition to economic evaluations of EIBI, evidence of cost-effectiveness of 
alternative approaches to ASD screening, ASD assessment and diagnosis, use of 
genetic testing to aid diagnosis, educational supports and adult interventions are 
urgently needed. ASD is a lifelong disorder; although costs of pre-school EIBI may 
appear high to payers, these costs are slight compared to the costs of long-term resi-
dential care for the most severely affected during the many decades of adult life 
(Motiwala et al., 2006). If pre-school EIBI is effective in promoting learning and 
consequently enabling greater workforce participation and independent living for 
even a small percentage of moderately and severely affected persons with ASD, 
then there is the potential for net savings to payers and health plans. But the most- 
cost effective approach to EIBI remains to be elucidated.
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