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Cost-Effectiveness and Cost Utility of Treatment
of Attention-Deficit/Hyperactivity Disorder:

A Systematic Review

Hermien H. Dijk, MSc,1,2,3,i Lisa M. Wessels, MSc,2,3,ii

Margaret Constanti, MSc,4,iii Barbara J. van den Hoofdakker, PhD,2,3,iv

Pieter J. Hoekstra, MD, PhD,2,3,v and Annabeth P. Groenman, PhD,2,3,vi

Abstract

Objectives: This systematic review provides an overview of full economic evaluations of attention-deficit/hyperactivity

disorder (ADHD) treatments, evaluates their outcomes, and highlights gaps in the literature.

Data Sources: Electronic databases were searched for full economic evaluations of ADHD treatments for children, ado-

lescents, or adults published in English or Dutch.

Results: Twenty-nine studies met the inclusion criteria. Almost all studies that compared medication or psychosocial

treatment to no treatment, placebo, or care as usual indicated that medication and psychosocial treatment were cost-effective

compared to the control group. Stimulant treatment appeared to be cost-effective for the treatment of ADHD in children and

adolescents. Only few studies focus on treatments in adults and psychosocial treatments and the number of studies with long

time horizons and without industry funding is limited.

Conclusions: Despite the rising interest in cost-effectiveness, this systematic review shows that more cost-effectiveness

research of higher quality is warranted to aid in the optimal use of available treatments and resources for individuals with

ADHD. Specifically, more studies should focus on treatments in adults and psychosocial treatments, and more studies with

long time horizons and without industry funding are warranted. Nevertheless, we can conclude that treating ADHD is

generally cost-effective compared to no treatment.

PROSPERO: CRD42017060074. Available from: https://www.crd.york.ac.uk/prospero/display_record.php?RecordID=60074

Keywords: economic evaluations, cost-effectiveness, attention-deficit/hyperactivity disorder, ADHD treatments

Introduction

Attention-deficit/hyperactivity disorder (ADHD) is as-

sociated with high personal, societal, and governmental costs

across all ages (Doshi et al. 2012; Le et al. 2014; Sciberras et al.

2020). The worldwide prevalence of ADHD is estimated to be

around 5.3% (Polanczyk et al. 2007). This high prevalence results

in a burden of disease of approximately half a million disability-

adjusted life years* (DALYs) worldwide (Erskine et al. 2014), as

well as high societal costs: in Europe, annual ADHD-related costs
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2Department of Child and Adolescent Psychiatry, University of Groningen, University Medical Center Groningen, Groningen, The Netherlands.
3Accare Child Study Center.
4National Guideline Centre, Royal College of Physicians, London, United Kingdom.
iORCID ID (https://orcid.org/0000-0003-2865-8106).

iiORCID ID (https://orcid.org/0000-0002-8106-4991).
iiiORCID ID (https://orcid.org/0000-0002-0161-7980).
ivORCID ID (https://orcid.org/0000-0001-9570-9976).
vORCID ID (https://orcid.org/0000-0003-1018-9954).

viORCID ID (https://orcid.org/0000-0002-8394-6605).

Funding: This research was funded by The Dutch Organization for Health Research and Development (ZonMw) under grant number 729300013.
ZonMw had no role in the search, analysis, interpretation, or publication of this systematic review.

*A disability-adjusted life year is defined as the sum of life years lost
plus the sum of years lived with disability, where disability is weighted
using population preferences for different health states.
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are estimated between e1041 and e1529 million (Le et al. 2014).

According to Doshi et al. (2012), costs in the United States range

from $143 to $266 billion. Effective treatments (such as behavioral

and medical treatment) can reduce symptom severity and alleviate

impairment associated with ADHD (Groenman et al. 2021).

However, since health care budgets are limited (The Common-

wealth Fund 2020), it is imperative that health care funds are al-

located efficiently: covering treatments in such a way that the

highest number of individuals receives the best possible health

benefits. Economic evaluations of ADHD treatments may help

policy makers in reaching an efficient allocation of funds and

contribute to improvement of ADHD-related impairments within

the limits of available resources. Consequently, in this systematic

review, we aim to provide an overview of the cost-effectiveness of

treatments for individuals with ADHD.

Treatment of ADHD can result in better outcomes of the core

symptoms of ADHD and accompanying problems such as crimi-

nality, problems with occupation, substance use, obesity, and sui-

cidal behavior (for review see Franke et al. 2018). This in turn

might lead to lower costs associated with ADHD.

Treatment options for individuals with ADHD include phar-

macological, behavioral (i.e., psychosocial), or combined inter-

ventions (American Academy of Pediatrics 2011; NICE 2018c).

While some guidelines recommend behavioral interventions as

first-line treatments (American Academy of Pediatrics 2011),

pharmacotherapy is most often used (Pelham et al. 2007). Common

psychosocial interventions are behavioral treatments such as par-

ent/teacher training, skills training, and behavioral peer interven-

tions (DuPaul et al. 2020). Commonly used medications for ADHD

can be subdivided into stimulants (e.g., methylphenidate immediate

release [IR] or extended release [ER] and [dex]amphetamine) and

nonstimulants (e.g., atomoxetine and guanfacine).

Although previous reviews on the cost-effectiveness of treat-

ment in ADHD have been performed (Wu et al. 2012; Catalá-López

et al. 2013; Klora et al. 2016), they had some important short-

comings. While Wu et al. (2012) focused on full economic evalu-

ations (i.e., those comparing both cost and effectiveness of two or

more comparators). they only included pharmacological treatments

and not psychosocial interventions. The systematic review by

Catalá-López et al. (2013) also only focused on pharmacological

treatments (i.e., methylphenidate and atomoxetine) for ADHD in

children, which were available in Spain at that time. Both reviews

(Wu et al. 2012; Catalá-López et al. 2013) did not include studies

on adult ADHD, as these were not available at that time.

While there are now studies on adult treatments, a recent sys-

tematic review (Sampaio et al. 2021) did not include these, and,

importantly, included literature from a very limited time period

(2010–2020). Although data on adult treatments were included in

the systematic review of Klora et al. (2016), this review again only

focused on pharmacological treatments. Furthermore, the quality of

identified studies was not assessed, which may hamper interpreta-

tion of the outcomes.

Consequently, to identify which treatments for ADHD are cost-

effective, in this review, we included studies on cost-effectiveness of

all interventions (i.e., both pharmacological and nonpharmacological)

for individuals with ADHD in all age groups and assessed the quality

of all included studies. Furthermore, we notify important gaps in the

literature and provide directions for further research.

Methods

This systematic review has been registered in the PROSPERO

database with registration number CRD42017060074 (available

from https://www.crd.york.ac.uk/prospero/display_record.php?

RecordID=60074). Preferred Reporting Items for Systematic

Reviews and Meta-Analyses (PRISMA) (Moher et al. 2009)

recommendations were followed. See Supplementary Table S1

for the PRISMA checklist.

Economic evaluations

Full economic evaluations contrast two comparators (either ac-

tive interventions or no treatment/placebo) by investigating their

differences in costs and effects. Which costs and effects are in-

cluded in the evaluation depends on the perspective of the evalu-

ation. For example, an economic evaluation from a health care

perspective will include health care costs, but not productivity

losses due to missed work. Effects can be measured using an

ADHD-specific outcome, such as ADHD symptom severity, as is

done in cost-effectiveness research, or a generic measure of health

gain, such as the EQ-5D (EuroQol five dimensions), which gen-

erates an outcome in quality-adjusted life years (QALYs), as is

done in cost-utility research (please see Drummond et al. 2015 for

an in-depth explanation). Depending on the measure used, eco-

nomic evaluations are referred to as cost-effectiveness (disorder- or

disease-specific outcome), or cost-utility (generic outcome{)

analyses.

Since empirical data often lack the longevity needed to study

long-term costs and effects of an intervention, empirical results

from trial data can be extrapolated using quantitative modeling

techniques. Common modeling techniques are decision trees and

Markov models, both of which generally use probabilities of having

a certain health outcome or health state for treated and control

group individuals and extend these over time to model long-term

costs and effects of treatment and control.

Once the difference in costs and effects between two interven-

tions has been assessed, both measures can be combined in a single

incremental cost-effectiveness ratio (ICER): for example, costs per

QALY or costs per 1-unit increase on an ADHD severity scale.

Whether a certain ICER is desirable depends on the willingness to

pay (WTP) for, for example, one additional QALY or a 1-unit

increase on an ADHD questionnaire. If the ICER is lower than the

WTP, the intervention is generally deemed to be cost-effective

compared to its comparator. For a more detailed overview of

the nature of cost-effectiveness research, see the Supplementary

Appendix S1.

Inclusion and exclusion criteria

We included studies published in peer-reviewed journals on full

economic evaluations that compared at least two treatments on the

basis of costs and effects, where one of the treatments could also

entail care as usual or no treatment (Drummond et al. 2015). The

study population (all ages) was required to have a clinical score on

an ADHD assessment tool and/or a clinical diagnosis of ADHD.

The investigated treatments had to be aimed at reducing ADHD

and/or behavioral symptoms and could include both pharmaco-

logical and nonpharmacological treatments.

Study protocols, methodological research, implementation re-

search, reviews of economic evaluations, and cost of illness studies

were excluded.

{Specifically, a generic outcome that explicitly relates to the economic
concept of utility: the satisfaction from consuming a good or service, or
experiencing a specific health state.
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d
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at
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Literature search and study selection

Two authors (a combination of L.M.W., H.H.D., and A.P.G.)

performed screening and study selection. Disagreement was re-

solved by consensus between the two authors performing the

screening and selection. We used a two-step approach to identify

relevant studies. We first searched the databases Medline, EM-

BASE, The Cochrane Library, PsycINFO, CINAHL, and CRD,

using the following terms, their synonyms, and their hierarchical

form (i.e., MESH terms): attention-deficit hyperactivity disorder,

disruptive behavior disorders, randomized controlled trials, epi-

demiological studies, prognostic and prediction rule studies, qual-

itative studies, (pharma)economics, economic evaluations, costs,

and QALYs. Second, we hand-searched literature lists of all se-

lected studies, relevant systematic reviews, and meta-analyses to

identify missing articles. A complete copy of the search terms per

database is available on request. All searches were run up to Jan-

uary 2021 and limited to retrieve material published in English or

Dutch.

Data extraction. Two authors (L.M.W. and H.H.D.) inde-

pendently extracted the following data, using a predefined data

extraction form: type of economic evaluation (i.e., trial based or

model based), type of analysis (i.e., cost-effectiveness analysis or

cost-utility analysis), study population, perspective (i.e., health

care, societal or third-party payer), time horizon, comparators, ef-

fectiveness/utility measure, valuation of costs and results (i.e., how

both costs and outcomes were measured and which data sources

were used), sampling uncertainty (only in trial-based economic

evaluations), parameter uncertainty, funding, and relations with

pharmaceutical industry. For a summary of the extracted data, see

Table 1.

Quality assessment. We assessed the quality of each study

with the Consensus Health Economic list (CHEC) (Evers et al.

2005), a questionnaire with 19 questions that is frequently used in

systematic reviews of economic evaluations ( Jensen et al. 2005;

van Steenbergen-Weijenburg et al. 2010; Fitzpatrick and Floyd

2012). To improve the quality assessment of model-based evalua-

tions, we added one question to the CHEC: ‘‘Are the structural

assumptions and the validation methods of the model properly re-

ported?.’’ Each item on the CHEC list was independently scored

with 0 (no), 0.5 (suboptimal), or 1 (yes) by two authors (L.M.W.

and H.H.D.). Disagreement was resolved by consensus. To account

for differences in the maximum attainable score between trial- and

model-based studies, scores were transformed into percentages of

the maximum attainable score. That is, a higher percentage implies

better conformity to the quality criteria of the CHEC list.

Outcomes. Primary outcomes were the reported cost-

effectiveness and cost-utility estimates. All costs were converted in

2019 Euros, using purchasing power parities (Organisation for

Economic Co-operation Development 2018). If the year of valua-

tion of the included costs was unknown, the publication year was

used to value the costs.

To assess whether interventions were cost-effective, we com-

pared them to a WTP threshold. Such a WTP threshold generally

describes how much an individual, or society, is willing to pay for

one additional QALY. Following the median WTP estimate found

in the literature by Ryen and Svensson (2015), we applied a WTP

threshold of e29,000.{ Interventions with an ICER below this

threshold are deemed cost-effective, while interventions with an

ICER above this threshold are considered to not be cost-effective.

This threshold also lies within the NICE (2012) recommendations

of £20,000–£30,000 (e21,906.01 to e32,769.00) and is close to the

recommendations of the Dutch Care Standards (Zwaap et al. 2015)

of e20,000 (e21,943.89 in e2019). However, we also reported the

ICERs (in e2019) of all included studies in Table 1, since WTP

thresholds depend on many factors, such as the country in which the

threshold is applied, gross domestic product, estimation method,

and whether the increase in QALYs is mainly the result of an

improvement in quality of life or an increase in lifespan (Ryen and

Svensson 2015).

Results

Literature search and study selection

In total, 29 studies were included in the qualitative synthesis.

The study selection process is presented in the PRISMA flow dia-

gram (Fig. 1).

Data extraction

Characteristics of identified studies. An overview of the

characteristics of the 29 included studies can be found in Figure 2.

Please see Table 1 for a detailed summary of each study. Since one

study contained three separate economic evaluations (NICE

2018b), these three evaluations are referred to separately in all

figures and tables, aside from the PRISMA diagram. Most studies

(90%) were performed on children, and most studies (55%) were

performed on pharmacological interventions.

All studies performed a probabilistic sensitivity analysis and/or a

deterministic sensitivity analysis to detect uncertainty. Table 1

provides detailed information about measurement and valuation of

effects and costs.

Quality assessment

Quality. Overall CHEC results per study are provided in Sup-

plementary Table S2, a summary per item per evaluation can be

found in the supplements. The average percentage score of evalu-

ations on the CHEC was 69% (95% CI: 52–87).

In general, evaluations scored high on the items related to the

research question and objective (28 evaluations scored 1 and 3

evaluations scored 0.5), economic design (31 evaluations scored 1),

time horizon (27 evaluations scored 1; 3 evaluations scored 0.5;

and 1 evaluation scored 0), identification of relevant outcomes

(30 evaluations scored 1 and 1 evaluation scored 0), and reporting

of an ICER (29 evaluations scored 1; 1 evaluation scored 0; and for

1 evaluation, this question was not applicable).

Items with generally low scores on the CHEC related to the

description of the model and assumptions (9 evaluations scored 1; 8

evaluations scored 0.5; 6 evaluations scored 0; and for 8 evalua-

tions this question was not applicable), discussion on the general-

izability of the results (7 evaluations scored 1; 6 evaluations scored

0.5; and 18 evaluations scored 0), conflicts of interest (6 evaluations

scored 1; 2 evaluations scored 0.5; and 23 evaluations scored 0),

and discussion on ethical and distributional issues (3 evaluations

scored 1; 1 evaluation scored 0.5; and 27 evaluations scored 0).

{The estimate reported by Ryen and Svensson (2015) is in e2010. We
have converted this e2010 estimate to e2019, using OECD CPI estimates
(OECD), and rounded it off to thousands.
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Overview of specific treatment comparisons

Medication treatment

Cost-utility analyses in stimulant treatment. Two model-

based studies compared methylphenidate IR to no treatment or

placebo in children from a health care perspective in United

Kingdom (Gilmore and Milne 2001) and Brazil (Maia et al. 2016).

While these studies differed in time horizons (i.e., 6 years vs. 1

year, respectively) and were conducted in different countries and

QALYs were valued in different ways, both found that methyl-

phenidate was cost-effective compared to no treatment or placebo.

Three Dutch model-based studies (Faber et al. 2008; Schawo

et al. 2015; van der Schans et al. 2015) compared methylphenidate

IR to methylphenidate ER for children from a societal perspective

for a period of 10–12 years. All studies found that methylphenidate

ER was cost-effective for our WTP threshold, where two studies

(Schawo et al. 2015; van der Schans et al. 2015) even found that

methylphenidate ER dominated methylphenidate IR, in that

methylphenidate ER yielded lower incremental costs and higher

benefits. Using a third-party payer perspective for the United States

and a time horizon of 1 year, Shah et al. (2017) also found that

methylphenidate ER dominated amphetamine/dexamphetamine in

adults. Thus, methylphenidate ER was more effective and less

costly than the alternative. Consequently, these modeling studies

indicate that methylphenidate ER might be a cost-effective treat-

ment option compared to methylphenidate IR in children and am-

phetamine/dexamphetamine in adults.

Two model-based studies compared dexamphetamine with no

treatment or care as usual for children with a 1-year time horizon

(Donnelly et al. 2004; Narayan and Hay 2004). Narayan and Hay
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FIG. 1. PRISMA flow diagram describing the systematic review process. PRISMA, Preferred Reporting Items for Systematic Reviews
and Meta-Analyses.
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(2004) used a societal perspective in the United States and showed

that (dex)amphetamine was cost-effective compared to no treat-

ment. Moreover, methylphenidate IR was dominated by (dex)am-

phetamine, suggesting that (dex)amphetamine is also cost-effective

compared to methylphenidate IR. Similarly, Donnelly et al. (2004)

used a health care perspective in Australia and found an ICER of

e3622/DALY for dexamphetamine and e13,250/DALY for meth-

ylphenidate IR. Hence, they also found that dexamphetamine ap-

pears to be more cost-effective than methylphenidate IR.

Zimovetz et al. (2016, 2018) compared the cost utility of lisdex-

amfetamine dimesylate and atomoxetine from a health care per-

spective in United Kingdom. While the two model-based studies

differed in study population (children vs. adults) and time horizon

(1 year vs. 5 years), both found that lisdexamfetamine dimesylate was

cost-effective compared to atomoxetine, where Zimovets et al. (2018)

even found that lisdexamfetamine dimesylate dominated both ato-

moxetine and methylphenidate ER, in that it was more effective and

had lower costs than the alternative. Thus, this research showed that

lisdexamfetamine dimesylate might be a cost-effective alternative to

atomoxetine in children and adults. Moreover, in adults, there is also

evidence that lisdexamfetamine dominates methylphenidate ER.

Similar to Zimovets et al. (2016), Hong et al. (2009) studied the

cost-effectiveness of atomoxetine compared to methylphenidate IR

and ER in stimulant-naive children in Spain using a Markov model

and found that, while atomoxetine was cost-effective compared to

methylphenidate ER, it was not cost-effective compared to meth-

ylphenidate IR.

Two model-based studies compared treatment algorithms for

children and adolescents that included stimulants. King et al.

(2006) compared methylphenidate IR, methylphenidate ER, dex-

amphetamine, atomoxetine, and behavioral therapy from a UK

health care and personal social services perspective using a time

horizon of 12 years. Although differences in QALY gains between

the treatment strategies were small, the treatment strategy first-line

dexamphetamine, followed by second-line methylphenidate IR,

followed by third-line atomoxetine treatment, dominated all other

treatment options. Cottrell et al. (2008) compared treatment

algorithms containing atomoxetine, methylphenidate ER and IR,

dexamphetamine, and no medication from a UK health care per-

spective with a 1-year time horizon for different populations of

children with ADHD: stimulant-naive children, stimulant-

nonresponding children, and children with contraindications for

stimulant medication. First-line atomoxetine was cost-effective

compared to other treatment algorithms for all populations.

Overall, most studies comparing stimulant to nonstimulant treat-

ment in children found that stimulant treatment was cost-effective

(Gilmore and Milne 2001; King et al. 2006; Narayan and Hay 2004;

Maia et al. 2016; Zimovetz et al. 2016), and in adults (Zimovetz et al.

2018). The exception was atomoxetine, where evidence is mixed.

While three studies found evidence in favor of cost-effectiveness of

stimulants compared with atomoxetine (King et al. 2006; Zimovetz

et al. 2016, 2018), Hong et al. (2009) found that methylphenidate IR

is cost-effective compared to atomoxetine, but methylphenidate ER

is not. In addition, Cottrell et al. (2008) found that treatment algo-

rithms with first-line atomoxetine were cost-effective. Generally, in

children and adolescents, research on cost-effectiveness of stimulant

treatment compared to other stimulant treatment is mixed and lim-

ited, although methylphenidate ER appears to be cost-effective when

compared to methylphenidate IR (Faber et al. 2008; Schawo et al.

2015; van der Schans et al. 2015). Evidence on the cost-effectiveness

of stimulants on adults is extremely limited, as only two studies

focused on adults (Shah et al. 2017; Zimovetz et al. 2018).

Cost-effectiveness analyses in stimulants. Several studies

used a different measure of effectiveness, such as ADHD symp-

tomatology (Zupancic et al. 1998; Jensen et al. 2005), impairment

(Foster et al. 2007), or delinquency (Freriks et al. 2019) instead of

QALYs. Three of these cost-effectiveness studies were performed

based on the multimodal treatment of ADHD (MTA) data ( Jensen

et al. 2005; Foster et al. 2007; Freriks et al. 2019). The MTA study

followed U.S. children and compared medication management

(i.e., methylphenidate, and if necessary, dextroamphetamine,

pemoline, imipramine, or other medications), intensive behavioral

treatment, combined medication management and behavioral

treatment, and community care (including medication) in a 14-

month trial, with follow-ups in later years.

Jensen et al. (2005) assumed the U.S. societal perspective and a

time horizon of 14 months and found that medication management

had the lowest ICER compared to community care, followed by

combined medical and behavioral treatment, behavioral treatment

when looking at improvement in ADHD symptoms.

Foster et al. (2007) investigated cost-effectiveness using im-

pairment, as measured by the Columbia Impairment Scale (CIS)

(Bird et al. 1993), as an effectiveness measure from the U.S. third-

party payer perspective using a time horizon of 14 months, and

showed medication management to be most cost-efficient.

Finally, in a model-based study, Freriks et al. (2019) took de-

linquent behavior as an outcome, and showed that not medication

treatment, but routine community care, which could also include

medication treatment, was most cost-effective in a 10-year time

horizon of the four treatments studied in the MTA. However, we

should note here that after the initial trial phase of the MTA study,

treatment choice was left free, and it could be that more individuals

used medication, than indicated by the original randomization that

was extrapolated over the 10-year period.

Zupancic et al. (1998) compared pemoline to dexamphetamine,

methylphenidate IR, psychosocial/behavioral treatment, combina-

tion treatment (i.e., medication combined with psychosocial/be-

havioral treatment), and no treatment from a Canadian third-party

payer perspective on ADHD symptoms as measured with the

Conners Rating Scale (Conners et al. 1998) using a model with a

time horizon of 1 year. In all cases, methylphenidate IR was cost-

effective, and methylphenidate IR dominated dexamphetamine,

psychosocial/behavioral treatment, combination treatment, and no

treatment.

The abovementioned cost-effectiveness analyses showed that in

most cases, stimulant treatment had lower cost and higher effi-

ciency compared to behavioral treatment.

Cost-utility analyses in nonstimulant treatment. Atomox-

etine is often used when there are contraindications for stimulants,

such as stimulant adversity, intolerable side effects, or a history of

substance misuse (Özgen et al. 2020).

In a model-based study, Tockhorn et al. (2014) assessed the cost

utility of atomoxetine compared to no treatment from a health care

perspective in Spain for a time horizon of 1 year for three popu-

lations of adults with ADHD: ADHD only, ADHD and comorbid

alcohol abuse, and ADHD and comorbid anxiety. Atomoxetine was

cost-effective compared to no treatment in all three groups.

The abovementioned model-based studies by Cottrell et al.

(2008) and Hong et al. (2009) both evaluated 1-year cost-

effectiveness of atomoxetine versus methylphenidate IR and ER

and no treatment from a UK and Spanish health care perspective,

respectively, for three different groups of children: stimulant-naive

children, stimulant-nonresponding children, and children with
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contraindications for stimulant medication. Cottrell et al. (2008)

further distinguished between stimulant-averse children,x contra-

indicated stimulant-naive children, and contraindicated exposed

children, where contraindicated children received treatment algo-

rithms without methylphenidate and IR-DEX.

While Cottrell et al. (2008) found that first-line atomoxetine was

cost-effective compared to other treatment algorithms for all

groups, Hong et al. (2009) found that atomoxetine was cost-

effective compared to methylphenidate ER for stimulant-naive

children and compared to no treatment for children with contrain-

dications or previous stimulant failure, but not cost-effective

compared to methylphenidate IR for stimulant-naive children.

Conversely, the abovementioned model-based study by King

et al. (2006) found that the treatment strategy first-line dex-

amphetamine, followed by second-line methylphenidate IR, fol-

lowed by third-line atomoxetine treatment, dominated all other

treatment options. This study employed a longer time horizon

(12 years) and did not distinguish between different populations of

children.

Two abovementioned model-based studies (Zimovetz et al.

2016, 2018) compared atomoxetine with lisdexamfetamine dime-

sylate from a UK health care perspective in children whose re-

sponse to methylphenidate was clinically insufficient (1-year time

horizon) and in adults (5-year time horizon), respectively, and

showed that atomoxetine was not cost-effective compared to lis-

dexamfetamine dimesylate.

In a model-based study, Sohn et al. (2016) compared the cost

utility of atypical antipsychotics (i.e., aripiprazole, olanzapine,

paliperidone, quetiapine, risperidone, and ziprasidone) to ato-

moxetine and clonidine/guanfacine in children with ADHD from a

U.S. third-party payer perspective, using a 1-year time horizon.

Atomoxetine was cost-effective compared to atypical antipsy-

chotics. Atypical antipsychotics were dominated by clonidine/

guanfacine.

Erder et al. (2012) conducted a model-based cost-utility analysis

comparing guanfacine ER to atomoxetine and placebo in children

and adolescents with ADHD. The study was conducted from a U.S.

third-party payer perspective and had a 1-year time horizon.

Guanfacine ER was cost-effective compared to atomoxetine. Two

studies assessed the cost utility of guanfacine ER as an adjunctive

therapy to long-acting stimulants in children using a time horizon of

1 year from a Canadian Ministry of Health and a societal per-

spective (Lachaine et al. 2016) and a U.S. third-party payer per-

spective (Sikirica et al. 2012). Guanfacine ER as adjunctive therapy

to long-acting stimulants compared to only long-acting stimulants

was cost-effective from the Ministry of Health perspective and

the societal perspective, as well as from a U.S. third-party payer

perspective.

Finally, a model-based study from United Kingdon on children

with ADHD from NICE (2018b) compared atomoxetine to group-

based behavioral therapy and a combination treatment of atomox-

etine with behavioral therapy from a national health perspective

(NHS) and personal social services perspective with a 1-year time

horizon. Both atomoxetine and the combination therapy were not

cost-effective compared to the group-based behavioral therapy.

However, utilities for responders and nonresponders in this study

were based on empirical estimates from responders and non-

responders to medication, even for behavioral therapy. In addition,

in a sensitivity analysis with individual-based (as opposed to group

based) behavioral therapy, the behavioral therapy was dominated

by atomoxetine due to the high cost of individual-based behavioral

therapy.

These studies showed that atomoxetine was cost-effective

compared to methylphenidate (Cottrell et al. 2008), or no treatment

(Hong et al. 2009) when children had contraindications for stimu-

lants, such as stimulant adversity, intolerable side effects, or a

history of substance misuse. However, when comparing atomox-

etine to lisdexamfetamine dimesylate in children whose response to

methylphenidate was insufficient, atomoxetine was not cost-

effective (Zimovetz et al. 2016). In addition, in children, guanfa-

cine appeared to be a cost-effective add-on treatment to stimulants

(Sikirica et al. 2012; Lachaine et al. 2016). Finally, atomoxetine

might not be cost-effective when compared to group-based be-

havioral therapy, but might be cost-effective compared to

individual-based behavioral therapy (NICE 2018b).

Psychosocial treatment

Cost-utility analyses on psychosocial treatment. Four

studies performed cost-utility analyses for psychosocial treatments

in children with ADHD, consisting of a total of seven separate

economic evaluations (Sayal et al. 2016; NICE 2018a,b; Janssen

et al. 2019). NICE (2018a,b) performed four model-based cost-

utility analyses in United Kingdom on different psychosocial

treatments with a 1-year time horizon and likely from an NHS and

personal social services perspective.

One of these evaluations (NICE 2018b), as previously men-

tioned, compared atomoxetine to group-based behavioral therapy

and the combination of atomoxetine and group-based behavioral

therapy for children with ADHD. Group-based behavioral therapy

was cost-effective compared to atomoxetine and combination

therapy, where atomoxetine compared to behavioral therapy had a

lower ICER than combination therapy compared to behavioral

therapy. However, a sensitivity analysis indicated that individual-

based therapy was dominated by atomoxetine due to the high cost

of individual- versus group-based therapy and that atomoxetine was

cost-effective compared to combination therapy when it contained

individual-based behavioral therapy.

Another cost-utility analysis by NICE (2018b) evaluated cog-

nitive behavioral therapy (CBT) as an adjunctive treatment for

adolescents who were on a stable dose of medication for the last 2

months, but who still had clinically significant symptoms. While

medication was defined as any FDA-approved medication for

ADHD, model inputs regarding the probability of response and

nonresponse to CBT were based on results from a population of

adolescents on a stable dose of methylphenidate. The results indi-

cated that CBT is not cost-effective as an adjunctive therapy to

medication, compared to medication only.

Two of the NICE (2018a,b) evaluations considered parent-based

programs. The first (NICE 2018b) assessed the cost-effectiveness

of telephone-assisted self-help for parents in a population of chil-

dren with ADHD, who were on a stable dose of methylphenidate,

but still had functional impairment in at least one of the domains of

the Weiss Functional Impairment Rating Scale (American Psy-

chiatric Association 2005). The results indicated that telephone-

assisted self-help was not cost-effective as an adjunctive therapy

for methylphenidate compared to methylphenidate only. The sec-

ond compared parent training to no treatment for children with

ADHD (NICE 2018a). While their results indicated that parent

xThat is, children who have responded successfully to stimulant treat-
ment, but who would like to stop their medication if a nonstimulant
medication was available (Cottrell et al. 2008).
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training might be cost-effective, ICERs—and thus conclusions on

cost-effectiveness—depended heavily on the reference study used

for data input. Notably, all four NICE (National Institute for Health

and Care Excellence) evaluations used utilities for responders and

nonresponders based on empirical estimates from responders and

nonresponders to medication, even for the behavioral therapies.

Sayal et al. (2016) conducted a cost-effectiveness and cost-

utility analysis in children. In the cost-utility analysis, a parent-only

treatment (i.e., three 2-hour sessions of a school-based parent

training, based on the 1-2-3-Magic parenting program (Phelan

2010), and a combined treatment (i.e., the school-based parent

training with a 1.5-hour additional session for teachers) were

compared to no treatment from a UK health care and societal

perspective over a period of 6 months. From both perspectives, the

parent-only treatment was cost-effective compared to no treatment,

whereas the combined treatment resulted in lower incremental

benefits and higher cost compared to no treatment.

Finally, Janssen et al. (2019) performed cost-utility analyses in

adults comparing mindfulness-based cognitive therapy to care as

usual from a Dutch societal and health care perspective over a 9-

month period. They found that mindfulness-based cognitive ther-

apy was cost-effective when taking a societal perspective, but not

when taking a health care perspective. These studies showed that,

compared to no treatment, parent training for children (Sayal et al.

2016; NICE 2018a) and mindfulness-based cognitive therapy for

adults might be cost-effective treatments for ADHD ( Janssen et al.

2019). However, the NICE (2018b) evaluations indicate that be-

havioral therapies might not be cost-effective as an adjunctive

therapy to medication in children and adolescents, although group-

based behavioral therapy as a stand-alone intervention might be

cost-effective compared to atomoxetine.

Cost-effectiveness analyses on psychosocial treatment.
Four studies investigated the cost-effectiveness of psychosocial

treatment by comparing parent training to treatment as usual (TAU)

(Lord and Paisley 2000; Sayal et al. 2016; Sonuga-Barke et al.

2017; Tran et al. 2018) on ADHD outcomes. Lord and Paisley

(2000) used MTA data and compared intensive behavioral treat-

ment (i.e., behavioral parent training, child-focused behavioral

treatment, and a school-based behavioral program) to combined

treatment (medication management and intensive behavioral

treatment) in children with ADHD from a UK health care per-

spective over a period of 14 months. Combined treatment appeared

cost-effective compared to intensive behavioral treatment.

Another cost-effectiveness study on the MTA data (Foster et al.

2007, discussed above), used a third-party payer perspective in the

United States for the same time horizon and compared children with

ADHD with comorbid anxiety, children with ADHD with other

comorbid disorders, and children with ADHD only. It was shown

that at higher levels of WTP per point of improvement on impair-

ment, intensive behavioral treatment was the most beneficial alter-

native in children with ADHD with comorbid anxiety, but not in

children with ADHD with other comorbid disorders or ADHD only.

The previously mentioned study by Sayal et al. (2016) compared

parent training only and parent training with a school-based com-

ponent to no treatment. ICERs of e33/one-point improvement on

the Conners’ Rating Scale (Conners et al. 1998) for the parent-only

treatment and e153/one-point improvement for the combined

treatment were found in this study.

Tran et al. (2018) conducted an economic evaluation from a U.S.

societal perspective, in which Child Life and Attention Skills

(CLAS, a program that integrates parent, teacher, and child train-

ing) and parent-focused treatment (PFT, only includes the parent

training component of CLAS) (Pfiffner et al. 2014) were compared

to TAU for children with ADHD Inattentive type (i.e., ADHD-I,

characterized by predominantly inattentive symptoms). All treat-

ments occurred over a 10- to 13-week period and cost-effectiveness

was assessed using a 13-week time horizon. The ICER for PFT

compared to TAU was e2674/resolved ADHD-I case (i.e., not

meeting full criteria for ADHD-I after treatment) and the ICER of

CLAS compared to TAU was e3312/resolved ADHD-I case.

Hence, PFT appeared to be a more cost-effective ADHD treatment

for children than CLAS compared to TAU.

In a study by Sonuga-Barke et al. (2017), the cost-effectiveness

of the New Forest Parenting Program (NFPP, an 8- to 12-week

ADHD-specific parent training) (Sonuga-Barke 2001) and incred-

ible years (IY, a 12-week general parent training for behavioral

problems) ( Jones et al. 2008) and TAU were compared from a

combined UK health care and societal perspective for a 6-month

time horizon. The authors did not calculate ICERs because the

efficacy of NFPP and IY did not differ significantly; however, the

total mean cost of NFPP was lower, indicating that there could

perhaps be a difference in cost-effectiveness.

Summarizing, it can cautiously be concluded that behavioral

parent training for ADHD is a cost-effective treatment option

compared to TAU, and that parent training appears more cost-

effective when it is combined with a school-based intervention,

such as teacher training.

Discussion

With this systematic review, we aimed to provide an overview of

studies on the cost-effectiveness of ADHD treatments and to

evaluate their outcomes. Our study indicates that there are several

cost-effective treatment options for the treatment of ADHD in

children and potentially also adults. Specifically, almost all studies

that compared medication or psychosocial treatment to no treat-

ment, placebo, or care as usual, concluded that medication or

psychosocial treatment was cost-effective compared to a control

condition (Gilmore and Milne 2001; Hong et al. 2009; Maia et al.

2016; Narayan and Hay 2004; Sayal et al. 2016; Tockhorn et al.

2014; NICE 2018a). The exceptions were Janssen et al. (2019), who

found that mindfulness-based therapy for adults was cost-effective

when taking a societal perspective, but not when taking a health

care perspective, and Sayal et al. (2016), who found that, while a

parent training was cost-effective compared to no treatment,

combined parent and teacher training was not. However, several

areas remain underexplored. For instance, up until recently, few

studies focused on behavioral interventions and few studies have

been performed in adults. Nevertheless, we can conclude that

stimulant and nonstimulant treatment and parent training are cost-

effective treatment options for children from certain perspectives.

This is in line with Sampaio et al. (2021), who concluded that there

is evidence for the cost-effectiveness of behavioral interventions in

children, non-IR stimulant medication for children with a subop-

timal response to IR stimulant treatment, and nonstimulant medi-

cation as adjunctive therapy for children with suboptimal response

to stimulants.

Drawing unambiguous conclusions about cost-effectiveness of

ADHD treatments is difficult, given the numerous different com-

parators, perspectives, and populations in the literature. Overall,

evidence suggests that stimulant treatment is cost-effective for

treating ADHD in children and adolescents (Gilmore and Milne

2001; King et al. 2006; Narayan and Hay 2004; Maia et al. 2016;
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Zimovetz et al. 2016). Within stimulant treatments, several studies

showed that methylphenidate ER was cost-effective compared to

methylphenidate IR in children (Faber et al. 2008; Schawo et al.

2015; van der Schans et al. 2015).

However, results of studies concerning nonstimulants were more

mixed. Atomoxetine appeared cost-effective compared to no

treatment in children with contraindications for stimulants, such as

stimulant adversity (Cottrell et al. 2008; Hong et al. 2009), or

substance abuse (Tockhorn et al. 2014), but results in stimulant-

naive children were mixed (Cottrell et al. 2008; Hong et al. 2009),

and atomoxetine appeared not to be cost-effective compared to

group-based behavioral therapy (NICE 2018b). When comparing

atomoxetine to lisdexamfetamine dimesylate, atomoxetine was not

cost-effective in children and adults (Zimovetz et al. 2016, 2018).

Guanfacine appears to be a cost-effective adjunctive treatment to

stimulants (Sikirica et al. 2012; Lachaine et al. 2016).

While psychosocial treatment is a well-established treatment for

ADHD, especially in children, only recently, more studies have

focused on psychosocial treatments (Lord and Paisley 2000; Sayal

et al. 2016; Sonuga-Barke et al. 2017; Tran et al. 2018; NICE

2018a,b; Janssen et al. 2019). The included cost-utility analyses

suggest that, compared to no treatment, parent training for children

(Sayal et al. 2016; NICE 2018a) and mindfulness-based cognitive

therapy for adults might be cost-effective treatments for ADHD

( Janssen et al. 2019), but that behavioral therapies might not be cost-

effective as an adjunctive therapy to medication (NICE 2018b), al-

though group-based behavioral therapy as a stand-alone intervention

might be cost-effective compared to atomoxetine (NICE 2018b).

However, these results should be interpreted with caution; since

depending on the study, sample sizes were small ( Janssen et al.

2019), cost-effectiveness depended on the perspective taken (Sayal

et al. 2016), or utilities for response and nonresponse to behavioral

interventions were based on empirical results from medication

(NICE 2018a,b). Moreover, as there is large variation in the nature of

the psychosocial treatments, they are difficult to compare.

Moreover, due to differences in outcome measures and intensity

of treatment programs that were used in the psychosocial studies

(e.g., the intensive behavioral treatment in the MTA is much

costlier than the parent training that was evaluated in Sayal et al.,

2016), it is difficult to draw strong conclusions. Nevertheless, in

cost-effectiveness studies comparing psychosocial treatments to

medication treatment, psychosocial treatments were dominated by

medication management. Other studies did show parent training to

be more effective and less costly compared to no treatment/TAU

(Sayal et al. 2016; Tran et al. 2018). To enhance knowledge about the

(dis)advantages and costs of psychosocial ADHD treatments and to

facilitate decision making, more cost-utility analyses are warranted.

We found an average quality score of 69% (95% CI: 52–87) on

the CHEC, suggesting that, on average, the quality of current cost-

effectiveness research could be improved. In general, the included

studies scored well on items related to the research question and

objective, economic design, time horizon, identification of alter-

native outcomes, and reporting of an ICER. However, scores were

considerably lower for items related to description of the model and

assumptions, discussion on the generalizability of the results,

conflict of interest, and discussion on ethical and distributional

issues. This is worrisome, as clearly described and appropriately

argued model descriptions and assumptions lend credibility to the

results of cost-effectiveness analyses. If these are absent, it is dif-

ficult to assess how realistic the model outcomes are, or how certain

we can be that the true cost-effectiveness of a treatment will fall

within a certain range of cost per QALY.

As ADHD is a disorder that often persists into adulthood and

awareness of ADHD in adults is growing (Willcutt 2012; American

Psychiatric Association 2013), it is surprising that at this point,

conclusions about cost-effective adult ADHD treatments have to be

drawn with caution. We only included four studies that addressed

different treatments with various comparators for adults with ADHD

(Shah et al. 2017; Tockhorn et al. 2014; Zimovetz et al. 2018; Janssen

et al. 2019). Although these studies suggest that there are cost-

effective treatments for adults, more studies on most common options

(e.g., medication) are warranted to draw unambiguous conclusions.

There is limited evidence on cost-effectiveness of ADHD

treatments in the long term, mainly due to lack of long-term em-

pirical data on costs and effectiveness of ADHD treatments (Nagy

et al. 2017); economic evaluations do not take this limitation suf-

ficiently into account when expanding their time horizon. This is,

for instance, shown by a study by Faber et al. (2008), in which the

cost-effectiveness of methylphenidate ER was predicted over a 10-

year treatment span. However, their long-term cost-effectiveness

prediction was entirely based on short-term empirical data, ignor-

ing the fact that only a small minority of patients use methylphe-

nidate for 10 years consistently and, above all, that short-term

efficacy data cannot readily be extrapolated over such a long time

frame. Similarly, Freriks et al. (2019) used MTA data up to 8 years

after the end of the trial period, but even then cost-effectiveness was

only modeled up to late adolescence as the relevant empirical data

were not available for adulthood. In addition, the study extrapolated

the treatment allocation from the initial 14-month trial period over

10 years and did not account for the fact that children might have

switched treatments. Several studies did acknowledge that limited

long-term evidence is a problem in economic evaluations (Gilmore

and Milne 2001; Tran et al. 2018; Zimovetz et al. 2018), but cur-

rently no cost-effectiveness studies have been conducted using

long-term empirical data.

Another point of caution is that a large proportion of the included

pharmacological treatment studies was funded by pharmaceutical

industry (Cottrell et al. 2008; Faber et al. 2008; Hong et al. 2009;

Erder et al. 2012; Sikirica et al. 2012; Schawo et al. 2015; Lachaine

et al. 2016; Zimovetz et al. 2016, 2018). When funded by industry,

published evidence on benefits of medication is likely to be over-

estimated and more often shows results favorable to the pharma-

cological treatment being studied (World Health Organization

2017). Although in some industry-funded studies, costs per QALY

for the treatments were relatively high (Sikirica et al. 2012) or

differences in QALY gains were very small (Hong et al. 2009), all

included industry-funded economic evaluations presented results in

favor of the studied treatment. In contrast, results of studies that

were not sponsored by (pharmaceutical) industry were more di-

verse (Zupancic et al. 1998; Donnelly et al. 2004; King et al. 2006;

van der Schans et al. 2015; Sayal et al. 2016; Sonuga-Barke et al.

2017; Tran et al. 2018; Freriks et al. 2019). This implies that there is

an urgent need for unbiased economic evaluations.

Strengths and limitations

One of the strengths of this systematic review is that we con-

ducted a thorough search following stringent inclusion criteria and

included all full economic evaluations in the ADHD field, re-

gardless of publication year, age of study population, or treatment

modality. Moreover, the systematic review was performed and

reported following the standard PRISMA methods (Moher et al.

2009). Finally, we assessed the quality of all identified studies.

Despite these strengths, there are also some limitations to note.
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First, we compared studies that assessed the cost-effectiveness

of the same comparators. However, it is important to bear in mind

that differences in factors related to the country of the study, such

as health care system, costs (e.g., prices of medication may differ

substantially between countries), and societal context (e.g., better

educated staff in schools, which might increase or decrease ef-

fects of certain ADHD interventions), may have had a substantial

influence on the outcomes (i.e., ICERs) (Anderson 2010). Con-

sequently, it is important to consider the country of study when

interpreting the results. In addition, differences in the design of

the studies, such as the perspective, time horizon, and study

population, as well as the time at which the study took place, can

also substantially influence cost-effectiveness outcomes. There-

fore, these differences should be considered when interpreting

results.

Second, while we did an extensive systematic search of all rel-

evant databases, we did not assess possible publication bias. Fi-

nally, the generalizability of our results outside high-income

countries may be limited, as few studies on middle- and low-

income countries were included in this systematic review.

Conclusion

This systematic review provides an overview of the available

economic evaluations of treatments for individuals with ADHD.

Our results indicate that, generally, medication or psychosocial

treatment is cost-effective when compared to no treatment, care as

usual, or placebo. In addition, stimulant treatment appears to be a

cost-effective treatment for children and adolescents with ADHD.

Despite the rising interest in cost-effectiveness, this study shows

that more and higher quality cost-effectiveness research is war-

ranted to aid in the optimal use of available treatments and re-

sources for individuals with ADHD. Nevertheless, we can conclude

that treatments for ADHD are generally cost-effective compared to

no treatment.

Clinical Significance

ADHD is highly prevalent and associated with high personal,

societal, and governmental costs across all ages. Effective treat-

ments can reduce symptom severity and alleviate impairment

associated with ADHD. However, since health care budgets are

limited, it is imperative that health care funds are allocated effi-

ciently: covering treatments in such a way that the highest number

of individuals receives the best possible health benefits. Eco-

nomic evaluations of ADHD treatments may help in reaching an

efficient allocation of funds and contribute to improvement of

ADHD-related impairments within the limits of the available

resources. Consequently, in this systematic review, we provide an

overview of the cost-effectiveness of treatments for individuals

with ADHD.
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