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Hermien H. Dijk, MSc,"**' Lisa M. Wessels, MSc,>>" ‘
Margaret Constanti, MSc,*" Barbara J. van den Hoofdakker, PhD>%"
Pieter J. Hoekstra, MD, PhD2>*" and Annabeth P. Groenman, PhD 2"

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

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

ATTENTION—DEFICIT/HYPERACTIVITY DISORDER (ADHD) is as-  well as high societal costs: in Europe, annual ADHD-related costs
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 *A disability-adjusted life year is defined as the sum of life years lost

around 5.3% (Polanczyk et al. 2007). This high prevalence results plus the sum of years lived with disability, where disability is weighted
using population preferences for different health states.
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COST-EFFECTIVE TREATMENT OF ADHD

are estimated between €1041 and €1529 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; Catala-Lopez
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
Catala-Lopez 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; Catala-Lopez 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
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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.

TSpeciﬁcally, 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.


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

(ponunuod)

s :Ansnpur
yum uoney
saf :Surpuny
Ansnpug
PYL

pauonuaw
jou :Ansnpur

pra uone[ay
ou :Surpuny

Ansnpug

B19

s3K :Ansnput

(SATVO
LO00 $1T°€93) XLV 01 paredwod

ATVO/$8063 sea AXD JO YHADI UL

"ATVANTLY'S¥3) 000°0S$

JO ploysaIy) & mo[oq yioq e Aoy}
se qHAV PoOypI[Iyd I0J Siusunean
QA1)09JJ2-1800 a1k XH{ pue HJIN
“uoned ay) 10§ A[)S00 SSI] yonuwr
INQ JUAWIUIAA0S o) J0] HJN uey)
Apsod arow ST X eonoeld juarmd
01 paredwos yioq peaes X TvVd
/179°€13 ST HA 10J pue pases

ATVA/6TLES St XA 10} YHDI UL

‘(pesodx?) uonerndod
PRJEIIPUIENUOd-JUB[NWT)S

Ay 0] ATVO/691°ST3 sem X

oN :unpuod[e 0} paredwiod X3 ON
XLV wpuose juaunean jo YOI
‘(eateu) uonerndod pajestpurenuod
-ue[awys Ay 10§ A TVO/69€°613
sem Xy ON :wipLo3[e o) paredwod
XY ON ‘X.LV ‘WipLog[e juswiean jo
AADI ‘uonendod asioApe-juennS
Ay 0] ATVO/ESY'813 Sem Xy

ON “XAJ-YI “YH-HIN ‘wypuos[e
01 paredwod Xy ON “XAd-¥I “IH
-HdN ‘XLV ‘wypuoS[e jusunean jo
44901 ‘uonemndod asoApe-juenwnS
Ay 10y ATVO/E06'0T3 Sem Xy

ON ‘XHd-dI “¥I-HIW ‘wiyiLo3e o)
paredwod Xy ON ‘XHA-YI “UI-HIN
XLV ‘wipuod[e jusunean jo YOI
‘uonendod pajrej-juenuINs dY) 10§
ATVO/FLY'613 Sem XY ON “XAd
-1 ‘wpuose 03 paredwod xy oN
XAA-YI XLV ‘WyHoS[e juaunearn
Jo YADI ‘uonerndod aareu-jue[nwns
a1 1] ATVO 1€ LT3 sem Xy

ON “XHJ-YI ‘YI-HIN ‘wypuiosye
01 paredwod xy ON ‘XdAd-dl “Id
-HdIN XLV :WipLo3[e jusunean
Jo ¥4I "uonendod oAreu-juenwns

oqoderd T dnoiSqns qHQV
$1S00 [ROIpaUL X1V 11 ou ‘G'[< 91095 AT-S¥ AHAV

JOIIP PUE SISO UOTIBIIPAIN (as-039) sATvO A IXO T ek | 1ohed fred-pmyy,  yim (plo seak g1-9) syuened
LuoneaIpaw

jue[nuIns SUTATEdQI
jou a1om Inq ‘swqord

s[eonnooewreyd (dame1an| juaUNLAn) Ou :[I] [BIOTABYAQ IO [BUONOW? IOJ
PUE SIOTAIDS 10] sasuadxad woly s)ySrom XAd ‘11 Qreo Sunjess pue qHAYV pey
juoned pue [pluOWILIAACD  AN[IQESIP) SATVA HdI ‘I .ok | Qreo yesy  oym (plo SIedk £ [—) ULIp[IYD)

,SANIPIGIOWOd+(PIsodxa)
Ppajedrpurenuod () ‘(sAreu)

vno 9N
Surfepowr
uone[wIg

vnd 9N

SAJEIS pAIuN)
“(T100)
‘Te 19 1opig

erensny

(¥002)
‘Te 19 A[jeuuog

s uoney A 10§ ATVO/TH0°0T3 Sem Xy uoneIIpaU OU A PRJedIpUIRNUOD JuR[NWNS (1) wopSury
sof :Bupuny  ON ‘XHA-YI “YI-HAN ‘WyiLoS[e 0) [QLEER IHCEN] Xdd 111 ‘as1oA Jue[AWDS (g) ‘Payrey paun
Ansnpu  paredwos xy oN ‘XHd-YI “¥I-HAN d[quuies prepuels (MI+IE) HAN ‘T JuB[OWNS (7) “9ATRU JuUB[NWDNS [opow AONIEIN “(8002)
%8S XLV WyLOS[E juaunean Jo a1 SIS0 UONEIIPIAN SATVO XLV 1 120K [ (SHN) 2180 [iedy (1) :qHAV Wi udIpiy) vno 9N ‘Te 39 [[mo)
Lusnpur SSutpury $1500 papnjouf uonyvnpa suom.nduio) UuoZ1I0Y 1] aa1dadsiaq uonvindod {pnig si1sAppuy addy Kpmys L4gunod
[poumaovuLvyd pup 2.nspaut ‘UONDNDAD puv {pnig
ynm npunyssaudandaffeq 21U0U0IT
uonwja.4/Surpunf
puv

4210958 L1pnd

SINHNWLVHY ], JHAIOSI(J ALIALLOVIAdAH/LIDIIA(J-NOILNALLY 40 SNOILVOTVAH JINONOJH 40 SHNOOLNQ NIVJAN ANV SOILSIMHIOVIAVHD) AdNLS " 9714V ],

*Ajuo asn [euos.ad 104 Zz/0T/TO T wood'gndiege | MMM WoJj spueisyeN usbuiuols jo A1sieAlun Ag papeojumoq

580



(ponunuod)

s3K :Ansnpur
s uoney
sak :Surpuny

"ATVO/PS9°9T3 PUB €2T°LT3
‘K1oAnoadsal ‘sem uoneosipaw

ou 0} paredwod XV JO YADI

QY ‘syuR[AWNS 0] SUONEBIIPUIRNUOD
10 9oudLIadx9 dInjrey juenwins
QAR OYM 350U 104 "XTVO/ETT LT3
AH-HAIN 03 paredwod pue X TVO
/60T°6€3 SeM M[-HAIN 0} paredwod
XLV 10} YHDI 2y siuejnuuns

uonedIpaul ou :[I|

,SONIPIQIOWOd+SIUR[NWITS
0] SUONBOIPUI-LIUOD
I dATRU JuBWIDS (¢)
puB ‘sjug[nWDs 0} SUOHBOIpUl
-BIJUOD JNOYIIM PI[Ie]
jueWms (7) ‘siuenuins

0] SUONBIIPUI-BIIUOD

Ansnpug 0} SUONEIIPUTEIIUOD JNOYIIM (orquues (499D HAN 1T INOYIIM QATRU JUR[NTUTIS [opowr AoNIEIN  uteds (6007)
%9 uone[ndod dATRU-JUB[AWNS AY) 0] SIS0 UONEIIPIN prepueis) SXTVO XLV 1 100k [ (SHN) 2180 (i[edy (1) *qHAV W udIpiy) vno 9N Ie 10 SuoH
pauonuaw ‘0qaoe[d yim paredwod 7z 05913
1ou :Ansnput 01 TE'LYE'ET3 JO ATV 1od
)M UONB[IY  1SOO PAIBWINSI UB )M SIJUAq (Jeak wopSury
pauonuaw [ 01 dn :wId) wnIpaw ‘syeom | ,SI9pIOSIp pajun
jou :Surpuny 1I0Ys “'9°T) ULI) WNIPAW PUE 1I0YS Kyerxue ou Inq ‘qQgo 10 “(1002)
Ansnpup SULIOPISUOD UM SSIUIANIAYJD sus1A Juanedino oqaoeld 1 dD PIQIOWod dARY Aewl Oym Iea[oun [opojy QUIN
BSS -1509 9[qeuoseal Jo ST HAN '$1500 UONEBIIPIN  (TO-YHD SATVO HdAIN 1 100k [ (SHN) 270 medy  “(01-ADD A¥H WM UdIp[iy)y vnd 9N pue alowyry
‘saeIs
pajun
(FT PP 0L3) 2180 Arunwwod QIO ANUNWIWOD 2UNNOI AT wolij ejep uo
ou :Ansnpur aunnol uey) 1yauaq AIejouow jou JUdUIEAT) [EIOIARYDq SPUBLIOYIAN
s uoney 10MO[ B peY (0L '7H9'493) Aderoyy pUE UONEIIPAUW PAUIqUIOD ][] [opow a
ou :Surpuny UOTIBUIQIOD PUE ‘(+8°97C'€93) JuoUNEAn) [RIOIARYRQ :[] AONIBJA] QW) ur pouriojrod
Ansnpup  juduUNEAN [BIOIARYIQ ‘(6S°0ST 893) SouILIo JusweSeuew aSe jo seak snonumnuo)) (61027)
%8S JuSWASEURWI UONEIIPAUI PI[[ONU0D) JO 1500 )00 JuaunEal], Jotaeyaq juenburjeq UONEIIPAUW PI[[ONUOD ] [e191008 01-L AHAV WM uaIp[iy) vaD TGN ‘T2 19 SYLAI]
A[1S0d SS9 puB 9ATIOIJJS 10w
QIe sjuaWIRAI [[B ‘ST Jey) ‘Sjudunean -
1oy10 [[e £q pajeurwop st Aderay %
[eIOIARYDY "TSLH3 JO S1S00 uBdW
pue SID uo §1°] Jo Judwosoidur
Kprxue+@HAV' 2013 $1500
pue S[D uo jusurasordwr /¢ ] sem
ARIXUBHAD+AHAY ‘€6T13 $1500
quawasoxdwt 411 :qO+AHAY
£51500 78'4€013 Yuawarorduwr S[eway %07
LL°0 Kexue+qHAY FET113 afew %08
AIoMm §1S0D UBdW puk S A} U “(%LYT)
pauonuawr juawaaoxdwr Jutod gg () ur paynsar wesdoxd saNIpIqIOwWod Yoq+qHAY
jou :Ansnpur 1IBINPIN ‘dnoid Kuo-qHAV JuauIIeAn) JoWWns “(%S°67)
M UONB[OY Ay U] "ared Ajiunwiwod ueyy AIsod JO 1500 ‘sown) apre ared AJunuwwiond :AJ jusunean adao o @O+aHavy
pauonuaw srouwr APYSI[S pue 9ANOIJJS 10w ‘19yoed) ‘uerotnerpad [eIOIABYSQ PUB JUSWFRURW “(%0°¥1)
jou :3urpuny SLISAPIIN pue Aderoy) uoneurquod 9s13o1oyoAsd UONEDIPIUW PAUIqUIOd :[]] uorssaxdop 10 Kerxue+qHAVY [ern) [eorurd s9)eIS PN
Ansnpup pue [eI0IABYQq UBY) A[1S0D 9stneryoksd JUSUNEAI) [BIOTARYIQ QAISUIUT ]| “(%8°1¢€) Aluo AHAY pazrwopuey “(L00T)
%BSL SSI] pUB 9ATOJJJO dIoul STISAPIN  JO SIS0D “S$1S00 UONEIIPIN SID 1ISINPAIN 1 sypuow 4] 10ked Kred-payy, (P10 sIeak 6'6—L) URIP[IYD vaD qa4dL ‘Te 19 10150
S3K :Ansnput uoneonpa ‘Jewndoqns
s uoney ~dI-HdIA 01 asuodsar [eroads Jo $1509 ‘s1500 SI juawean HJ-Y] uaLmd
soA :Surpuny rewndoqns & 1M UIP[IYD 10] JUAUIEAI} PUE [EOIPIW [GUEE) woym 10y Jnq ‘yusuear) SPUB[-1oUION
Ansnpug ATVO/LS 6LYT3 Sem HAN-YI 0} ‘$1S00 UONEINSUOd N1Udag) (S[quied UI-HAN 11 HAN-YI 01 s1opuodsox [opowr AOYIRIN YL (8007)
%0L  paredwod SOYO-HA JO IHDI UL pue uonesIpajy prepuess) SATVO SOYO-HAI 1 SIBOA O ANIUnWwos/[eo1008 Al oym HAV WM spnox vnd 9N Te 39 1oqeq
Lusnpui WSSutpurg $3500 papnjouy uoyvnpa suow.nduio) Uo21I0Y 2l ] 2a110ads.1ag uoyvndod {pmg sisAppuy addy Kpmis Lugunod
[poumaovuLipyd pup 2.nspaut UoYNIPA puv {pmg
ynm &npunyssauaandaffg 21UoU0dT
uonvja4/Suipunf
pup

4?4095 QuonQy

(QINNILNOD) °[ 9714V],

*Ajuo asn [euos.ad 104 Zz/0T/TO T wood'gndiege | MMM WoJj spueisyeN usbuiuols jo A1sieAlun Ag papeojumoq



(panunuod)

soK :Ansnput
PIa uoney

Ppapn[oul saNIPIGIOW)
Q[ewd) %HT'IT

1830 (woisks Jlew 9,8°8L [opout
jou :3urpuny ‘SJuddsafope 10J A TVO/LSEST [I[BSH paylun 08< OI ‘(edfigns Aue) AONIRIA+291) nizeig
\r..;mz—u:— pue udIp[Iyd I0j >1—<O\NN:“W St SJISIA ucmmuwau50+mumoo jusuniean ou [ :M:_N.n.—mv mme:w&_@ dHAV AIFINSA uorIsq ,AO:vNV
%9 Iuaunean ou sA YI-HJW JO JHII UL uonesIpajy (INH) SATVO AI-HAA “T 1Lk 9 amed edH  im (P[o s1edk £]-9) UaIp[IyD) vno 9N ‘Te 39 BreN
169L5 se
ou :Ansnput Y31y e 10 [ [3 SB MO[ Sk 9q P[nod wop3ury
YIm uone[ay onel siy) Jey) s1sa83ns siskjeue Juouean SUONIPUOd panun
ou :3urpuny ANADISULS "Xopul JYNS 9y ut ured [eIOIARYQqQ PUB JUSIOFRUBW PpIqIowod Jo d3uel e pue (A] [eLn [esruro “0002)
Ansnpul  S1/12LT3 St Aderoy) [elotaeyaq o) s)SIA dn-mo[[oj ‘SIISTIA UONEIIPAW PAUIGUIOD :[] -INSQ) 2d£) paulquod qHAY paziuopuey Kosteq
%69 paredwod Aderoy) paurquiod 10y YOI  UONENN ISOD UOHEIIPIA JVNS Iudunean [eIOIABYdq QAISUUI :] syqpuow ] (SHN) 21ed ieey  ynm (plo sieak g—/) uaIp[iy) vaD qa4dL pue pio
(@go 1deoxa) sisougerp
oeryoAsd prqrowod oN
deway %y'8T
sok :Ansnpur *(9anoadsiad [e191908) A TVO/E0LLS q[eW %91/
PIM UONE[SY pue (aandadsiod HON) A TVO Aderoyouour sjue[NWNS
saf :3urpuny /9TH'S 13 =Ssuemuns 3unoe-suof sasso[ Ayanonpord syue[nuins Sunoe-3uoy | 0) asuodsar [ewndoqns epeURD)
Ansnpu]  Auo 03 paredwod sjuejnwins Sunoe ‘1800 UoNEIIpaW (‘'Te 19 pAor) AxO+Adeioyiouowr [eI91008 pue yim (po sreak /1-9) QHAV [opowr AOMIBJA! “9102)
989 -3uoy 03 Ade1ayy aAnounipe se YxXO puE UONEZI[IN 2IN0SIY (OLL) SATVO syue[nuins Sunoe-3uoj | 129K | (HOJN) T80 )[EdH  YIIM SJUIDSI[OPE pue UIp[IyD) vND AN [e 10 2ureyoe]
“(ased oseq) 68780 SATVO ‘6LI3 o
pauonuaw 18500 "suondo juaunear 1Yo Juowapd Aderayy %
jou :Ansnput [1e pareurwop pue X TVO/dLM JO (‘T8 19 Y123 Jo [BIOTARYIQ [)IM PIUIQUIOD [[& +
YIm UONB[OY  sanfea Jo duel [[nJ oY) 19A0 JYoUq J[ques prepuels XLV Al ([opows jo wopSury
ou :3urpuny 19U p1oadxa 1saySIy Yl pey XLV 1500 ‘0°B) QIMIBINI| XAd 1 uonejodenxa) S(@H Supnpour) panun
Ansnpup Quif-pay) ‘HJIN-¥I 2Ul[-puodas Snip pue suone)nsuod woiy saninn A9-HdN 1T s1eak 71 Ssd AHAV Ym (pro sieak [opow AONIB]A (9002)
%SL ‘XA Lul-siy :ASarens jusunean ayJ, 181500 218D I[BOH Jo aSuer) sXTVO MI-HAA T pue 1ok | ‘(SHN) 2Ied ()[edH  §[>) SIUAISI[OPE pue UAIP[IYD) vNd FAGN ‘Te 10 Sury
9AISURdX? SSI[ PUB DANIJJD dIOW
SeM UONIPUOD UONEIIpaW dY} Jey)
Suneorpur YOI 2AneSau :[edrpaw
'SA [BIOIARYRQ X TVO/E8673 I[eWR] %0T
:[RIOIABYQQ "SA [RIOIARYDQ pUB arew 908
[I1paW paUIquod X TVO/976°S93 (BLYT)
pauonuaw :[JIPAUI "SA [BIOIARYRQ pUB wesSoxd SANIPIQIOWOd POG+JHAY
10U :Ansnput [eo1paWw pauIquiod <X TVO/Z80°613 JUUNEAI) JoWWInS Qred Ajunuiod :Af (9%S$°67)
)M UONB[OY  :2IBd AJIUNWWOD 'SA [RIOIABYSQ pue JO 1500 ‘sowin) apre Juauean adao 1o aO+aHav
pauonuaw [edIpaw paurquiod < X TvQO/88T 183 ‘1yoe) ‘uerornerpad [BIOTARYQQ pUE JudWSEURWL (%0¥1)
jou :Surpuny QIed ANUNWIWOD "SA [RIOTABYSQ 9s130[oyoAsd UONEIIPIUW PAUIqUIOd ]| uorssaxdop 1o Kerxue+qHAY [eLn [eoturo SoIRIS paNuN
Ansnpug CATVO/0EH3 2180 Aunmuwod 9stneryoAsd JUSUNEAI) [BIOTARYIQ QAISUIUIT ]| (%8°'1€) Aluo QHAY paziuopuey (5002)
%8S 'SA JuQWOTeURW [RIIPAW (SYHDI  JO SISO ‘S1S0D UONEBIIPIA dVNS JUSWASeURW UONRIIPAUI ] sypuow 4] [£19100S M (PJO SIBAK §"6—L) ULIP[IYD vaD qa9L ‘[e 19 udsuaf
sak :Ansnpur ‘K[oanoadsar ‘aanoadsiad
M uone[oy a1ed Yieay pue 2anosadsiad Jreos sisougerp
ou :Jurpuny [©39100s B woly NV ], 01 pasoddo Suner qHAV nvo I dHAV AIFINSA Arewrnd SPUBLIAYION
Knsnpug se 1DFIA 10} paures X TvO s9ss0[ Ayanonpoid 950 J[npe s JIouuo) Kdexayy aIed ' JO BLIDILID AU} PI[[Yy[nJ} vaD Y (6107)
%68 10d 0T‘6L3 PUB L10'€T3 JO YHDI 918D YI[Ray 9S00 JUdUIeal], pue ‘SxITvO ANIUS0D Paseq-ssauNIPuIN ] syjuow ¢ YI[BIH pue [BI2100S oym syuened QHAV NPV PUe vND g49.L ‘Te 10 uassuef
Lugsnpur SSutpurg $1500 papnjouy uoyvnpa siopavduio) uo21I0Y 21| 2andads.iag uonyvndod Kpnig sisppuy 2dS; Kpnys Lajunod
[voumasvutivyd pup 2unspaut ‘uonyvnIvad puv {pmg
Yrm &npunyssauaandaffq 21uou0dq
uovja4/Surpunf
pup

4?1098 &y

(QINNILNOD) °[ 97T4V],

*Ajuo asn [euos.ad 104 Zz/0T/TO T wood'gndiege | MMM WoJj spueisyeN usbuiuols jo A1sieAlun Ag papeojumoq



(ponunuod)

JUOUI)EAT) PAUIqUIOD IO J[LIS

S[eWd) %HES

pauonuau Suner siouuo) ay) uo juawaAoxdur W %/8
jou :Ansnput Jut0d-au0/€8°/ G153 YusUWIRAN [0Nu0d JuaUnEan ou | Ods a1 jo urewop
Im uone[oy Kuo-juared ayy 103 Juswaoidur (uorssas dnoid moy-g'| [B191008 uonuapeur/KanoeradAy [eLn [esturpd wopSury|
ou :3urpuny utod-auo 91°4¢3 pue X TvO sasso[ Ajtanonpoid (@6NHD Joyoea)Huared) paurquiod | pue 901IAISS o) uo 9Z se pazrwopuel panun
Ansnpuy /9L°060L3 Sem JUaUNLID OU 0) ‘51500 [euosIod ‘as-0d) sAIvO (@HAV JO S & UIp[Iyd Teroos euosrod UQIP[IYD I10Y) pajer oym (p[o pazdsn[) “9102)
98 paredwoo Sururen juared Jo YOI QYL YIOM JJO oWl Asn IIAING RiElitive} 10J) Juaunean Apuo-juared syuow 9 ‘(SHN) 9180 I[edH  SIedK §—f) URIP[IYD JO syualed  VND+VAD qa49L ‘T8 19 [eAes
pauonuau
jou :Ansnput
M uoney swoydwAs
pauonuawr Jueoyrugis K[reoruro wopSury|
jou :3urpuny )M InQ ‘SyIuow g Ise| paun
Ansnpuy LTTILLSS Sem uonedIpau o) uonezimnn LgD+uonedipaw [ A} J0J UOTIBIIPAW JO ASOP 991) UOISIO ‘¢ UONBN[RAd
%99  paredwod [ gD+uonedrpaw Jo YOI 90IN0SAI 2IBD P[BOH (as-0d) sATvO uonesIpaul | 1eaf | pauonuawW JON  9[QEIS B UO Ie OYM SIUIISI[OPY vNo FA9IN (98102) ADIN
pauonuaw
jou :Ansnput
rm uoneoy
pauonuawr wopSury|
jou :Jurpuny ‘Kdexoyy [eroraeyeq (dioy-jjos juounredwr euonouny pey payun
Ansnpuy T0°SE0°1T13 sem uonezinn passisse-ouoyda[a)+HJIN 1T nq ‘HJIA JO S0P 9[qels B Uo 901 UOISId ‘7 UoTeN[BAd
%€9 HAN 01 paredwod [g+HdIN JO YT 90INOS3I 3IeJ I[edH (@s-0a) sA1vO HdIN 1 Teok | pauonuauwl 10N 2 oYM qHAV Pim UaIpiy)y vno HAGN  (48107) HOIN
(19 poseq-dnoid
pauonuou JIoj sesATeue AIADISUAS Kem-ouo
jou :Ansnput y ut ‘Afpansadsar ‘€8°669°01 13
s uoneoy —SS'EIS'8Y3 PUT LETI6'8Y3 “Aderoyy
pauonuawr —97T'8E1°0€3 U9am1aq paduel Inq) [e101ARYDq paseq-dnois [ wopSury|
jou :3urpuny 68'86T°T93 Sem XLV SA Jusuiean 1500 UONEOIpaUl XLV I PMUN oy
Ansnpup  uoneuIqWOd 10 YOI ‘LETS6'ST3 pue uonezinn Adexoy) SJIAILS [BIO0S a3e jo s1eak 991 UOISIOd ‘[ uonen[eAd  0Q
%9L  sem Lg 01 paredwod XLV 10§ YHDI 90INOSal aIed YifesH (@s-08) SATVO  [eI01ARydq poseq-dnoss+X LY ‘1 Ieak | [euosiad pue SHN 1-9 AHAV Pim ualpiydy vno g9 (48107 FDIN ©
pauonuaw
jou :Ansnput
ra uonefoy
pauonuawr ndur
jou :3urpuny ©JEp 10J pasn Apn)s ooULIdaI Y} UO wop3ury]
Ansnpup  Sutpuadop A TVO 1od [6°LESTO1S uonezimnn JusUIIEaAI) OU ][ SOJIAISS [BID0S a3e Jo seak 991} UOISTOd( paun
PT8 01 /8°CT6°GT3 WOy posuer YOI 90INOS3l 3183 IfedH (@s-0a) sxA1vo Sururen juared Teok [ [euosiad pue SHN Y1-¢ AHAV Pim uaIpiiydy vno ‘HAGN  “(88107) HOIN
'688°0 :ATVO ‘000€3
1500 XHA/dINY £q pareurop
SE(8€8°0 *ATTVO ‘€50€3 1509) HAN
"ATVO/08' 11183 01 T8E913
woiy Surguer X Ty I1od 1500
[BIUSWISIOUT UR QARY O) PAILWIISS
S9K :Ansnput st Aderoy Juenuns ‘yuounean
PIM UONB[Y ou M paredwiod 9ANO9FF0 $1S00 UOT)EISTUTpE
pauonuaw 1500 ST HJIN 10 XAQ/dINY 1oyie [00Yds ‘51509 UOTEIIPAW AHQAy paeorjdwosun
jou :Surpuny YIM JuaUnRALL, A TVO/ELE VTS ‘sasuadxa 10300d jusuUNEAN OU :[[| Pim 3y 8z ‘(plo sIeak 6) SAILIS pauN
Ansnpu]  sem judunean ou o) paredwoo siosn -Jo-Ino ‘s1sa) K1ojeIoqe| (T0O-¥HI XAA/AAY 11 Koq Quo uo paseq [opoul an uotsiodd  “($007) AeH
%9 SNES paxIW XHA/IINY 10} YHDI UL ‘SusiA juaneding OHD) SATVO HdAIN 1 12k | [e191008 AHAV Pia ualpiyd vno 44N pue uekereN
Lusnpui SSutpurg $1500 papnjouf uoyvnpa s4oipapduio) uoZLI0Y 1] 2a1122ds124 uonyvndod Kpnmig sisppuy 2d(y Kpnys Luunoo
[pounasvuLiyd puv a.unsvaut ‘UouvPNIPAI puv pmig
i npunyssaudandaffq 21U0U0IT
uoyvja./Surpuny
puv

42095 G1onQy

(QEANILNOD) °[ 914V],

*Ajuo asn [euos.ad 104 Zz/0T/TO T wood'gndiege | MMM WoJj spueisyeN usbuiuols jo A1sieAlun Ag papeojumoq



(ponunuod)

*Kjorxue

piqiowod yim uonedod oy 10§

sok :Ansnput ATVO/60°506° 123 pue ‘uonendod
PIm uoney PI1QIOWOd dsnge [OYod[e Y} asnqe [0Yod[e PIqIowod
pauonuaur 10) XTVO/CT 116°6e3 ‘uonendod () 10 Kyarxue prgrowod (1)
jou :Jurpuny JHAQAV npe [e1udd oyl ur X TVO )Im pooy[npe ur pasouSerp
Ansnpur  /29°678°¢T3 SeM JUSUIEAT) QAN OU susiA Juanedino (Apmys JUSWIRAT} QATIOR OU ][ AHAYV 219A3s 0 9)eIopowt [opouwr aoyIely  ureds ‘(+107)
9%6G 01 paredwod SupaXOWOoIE JO YHII YL, pUE S1S05 UOTIBIIPIA! AMaUSIA) SATVO X1V 1 Teaf | Qred EdSH  PIm (‘PO S1BIK G9—8) SINPY vNo AN 8 19 WOYo0],
‘papnjout swajqoid
SULLINO00-00 (I UIP[IYD
sak :Ansnpur 1500 JuouLan vod ‘1904 *(Apmys 1500 ur papnpout 3[eoS HAV-AI-DSIA
YIm uone[ey Al JO s1500 “y1om jjo awn ejuared “(d-AI-AVYNS jou [I1) NV.L 111 (sweiSoxd juared uo poseq adAiqns [eLn [ed1ur[d wopSury|
ou :Jurpuny upaW UeY) I9MO[ 98G 3 1M JdIN pUB SIOIAIDS [BIOOS :L-AI-dVNS) Sururen juared yoq) weiSoxd (SHN) 21ed Kue jo sisouSerp yoreasar pa[jonuod payun
Ansnpuy  Jo $1s05 UBAW [10} Inq ‘APUEOYIUSIS ‘uorstaoid [euoneonpo SO[BOS 1Y) I9[pPOJ, AT UOISSS-Z] ‘[T YI[BIY/[BIDI00S PUB JMM UO ()Z< 2I109S (Im paziwopuel  (L107) ‘T8 1@
%L I9JJIP 10U PIP dd:IN Pue X JO Aovoyj BIXI “9SN ADIAISS dIeD) Juared-AI-dVNS ddAN ‘T stpuowr 9 paurquoy (PIO STeIA 9 “6°T) UAIP[IYD vad HA4L  oyreg-ednuog
‘6113 SI QuIORJUBNS/QUIPIUO[O
JO ¥HDI °y) pue
$9€3 St SqVV 01 paredwios X1y
ou :Ansnput JO YADI YL (51500 BNXd §p613 1B
im uoney  180[ STV 01°0) XLV 0 paredwod
pauonuaw pue (1800 BNXI 61613 I8 150]
jou :3urpuny SATVO 11°0) duidejuen3/auIpruold 1505 Sn1p uondurosaid suroejuens pue suIpruor) :III ,Parey Juaunean SoIRIS palun
Ansnpug Y Juounean Aq asned-[[e pue (10spad XLV 10 JuR[NWNS [eNIUT WOYM 921 uoIsI™g “9102)
989  PARUIWOP Sem SJVV UM Juouneal], S1S09 [BIIPAU ASNED-[[Y “To0V) SXTVO SAVV T 1eaf | 10ked Ared-payy, 10J SIUSISIOPE PuUE UAIP[IYD vNo TAGIN ‘Te 19 uyos
(@ao
1daox?) stsouSerp omeryoAsd
sok ”.\muzm-.—_u:_ ‘sjue[nuwinis o} asuodsarx P1qIOWOd ON JewWd} %°8C
PIM uone[y rewndoqns B y)im UIP[IYd 10J Qe 9,9° 1/ SHUR[NWINS
saf :Surpuny ATV0/97T8T3 sem Aderoyiouow (ogoded+Aderayjouowr 0) asuodsar [ewndoqns sAIBIS pAjIU)
Ansnpuy Jue[nuns 0) paeduwrod syueNWNS $1S00 [edIpow (e 30 pAor) jue[nuins [ i (pro s1eak £1-9) QHAVY Topouwr AONIRIA “(T100)
PDYL 01 XD SUIPPE Jo YOI UL~ Pue $IS00 FnIp Juouneal], (OLL) SATVO SIBUNSHIXD -1 1eaf | Toked Ared-pIyL A SIUSISI[OPE PUE UAIPIIYD vno 44N ‘e 19 BOLIIS
sasuadxa
1910 puE UONEBIIPAU
ou :Ansnput ‘Yieay awoy ‘sIISIA
M uoneoy [ejuap ‘skeys juanedur
‘ou :3urpunjy “XAQ/JINY A0 jueurwop st HJIA 1s1A Juanedino Apnjs 110400 SRS pAIUN)
Ansnpup X TVO/P8EL3 — Sem XAWINY ‘SYSIA WOOI AOUQZIOW Y9 XdA/dNY 11 dHav aanoadsonay (L102)
%8L im paredwod HAN JO YHDI UL ‘SHSIA PAseq-904JO (@9-49) SXTVO AI-HAN T Tedk [ 1oked Kired-pryy WM (Plo sreak 1<) SINpY vnd ga4L Te 19 yeys
|1 01 9suodsar [ewndoqns ,papn[oxa
$9A :Ansnpur ' )M UIP[IYO 10J (SATVO uoneonpa [eroads dHQYV Jo 2dA) swoydwiAs
s uoney 7T°0) SIyaudq 1Yy pue ($1793 JO S1500 ‘sjuunean QWANX? I0 SIsouSeIp pauiquio))
saf :3urpuny —) S1SOO [BJUSWIAIDUT JIMO] PIp[AIL [eOIpaWIUOU pue [BIIpaUL A1 Pim Juauear) o) asuodsar Spue[-IaylaN
Ansnpu]  HAIN-SOYMO "HdIN-¥I 0} paredwod $1S00 UONE)[NSUOD pHdIN-SO¥O ‘T rewndoqns yIm (plo sieak Topowr AONIRIA! “(S102)
%8L  Aderayy yueurwop e sem HIN-SOYO pue uonesIpajy (@s-0a) sA1vO UI-HAIN 1 s1eak 71 [BI9100S  §]—9) SIUSISI[OPE PUB UIP[IYD) vnd 9N ‘Te 39 omeydg
Lugsnpur GSSutpury $1500 papnjouy uoyvnpa suom.nduio) UuoZ1I0Y 1] 2a1102ds.1a4 uonypndod Kpnig sisAppuy addy Kpmys Lajunod
[vonmaovuLivyd pup 2unspaut ‘uonyvnipad puv {pmg
Yim Kaqumyssauaandaffg 21uou02q
uovja.4/Surpunf
pup

4?1098 1pndy

(QINNILNOD) °[ 9714V],

*Ajuo asn [euos.ad 104 Zz/0T/TO T wood'gndiege | MMM WoJj spueisyeN usbuiuols jo A1sieAlun Ag papeojumoq

584



-9[eoS Suney ANANOY s1019d-SSTOM ‘dMAM Aed 01 ssauur[im ‘LA JO open own ‘L ‘UONEN[BAd JIWUOUOId paseq [ell) ‘L ([ensn St JUAUIean ‘()Y ‘AIOJUSAUI [[)[BIY UOISUSWIP XIS ULIOJ
-1I0ys ‘9-4S (9[edS Suney weyped pue ue[oN ‘uosuems ‘JyNS 21reuuonsanb sonmoyjip pue sypduans ‘OS ‘UONBIAID pIepurls ‘(S ‘SIsA[eue ANANISUIS ‘'S treak o1f paisnlpe-Aifenb ¢ x Ty Q) (s991a19s 161008 [euosIad ‘SSJ
“uaujearn; pasnooj-juared ‘14 ourjowad ‘INF( A10IuaAu] 91T Jo Afend) o1eIpad “TOSPAd (WRISAS AIQAT[OP [BIO 9SBI[QI PA[[0NUO0I-ON0WSO ‘SOYQ ‘Iopiosip jueyap euonisoddo ‘qqo poriodarjou YN oandadsiad yieay
[euoneu ‘SHN ‘owweidold Sunuared 15310 moN ‘ddAN orepruaydiAyiow ‘HJIA {yieay Jo Ansmumu ‘HoA SJuswageue [eo1paul ‘ISAPOJA (UOHBN[BAD OIWIOUOJ PIseq-[opowl “‘GIA QIB[ASOWIP QUIWERIQJ-WeXIPSI ‘X ']
{STeOK Q[qIPAIOUIL ‘ X ] $9SLO[AI RIPIWWI Y[ :$2512s1(T Jo uonpoyfissn]) puoyvuiaiuf ‘] ¥ Jo Afenb pajefar yireay Jo xopul “JOO-YHI ONBI SSAUIATOIJFI-1S0I [BIUAWIOUL “YHD[ {XOPpUl sanIun yieay ‘|NH :Ioplosip
onounyIadAy ‘@H :9SeI[al POPUSIXd SUIdRJURNS YY) (9SBI[AI PIPUNXD YH :SUOISUAWIP-IAY [oQoIny ‘S-OF :AIOJUSAU] INOIARYSG PIIYD) SI9qAH ‘[gDH ‘UONIPS YMNOJ ‘SUaPLOSIJ [PIUIJN JO [PRUDJ [DIYSUDIS pup
ousoudni ‘AI-INSA ‘UONUANY PaAIISqQ AOaII[ ‘YO URIP[IYD I0J 3[NPaYdS MIIAIIU] dNsouser( ‘DSIA ourwelaydurexap ‘Xgd aejns surwelaydureonxap ‘Sy( 1eak oJ1 paisnlpe-AIiqesip ‘X Tvd :sisA[eue Lnn
<1509 ‘v ‘Atojuauy wordwkg prryd ‘IS SIS uonuany pue Y1 pIyd ‘SYTO 2[eds udwinedwy eiquinio) ‘IO ‘6 ANHn yeay p[ryd ‘Q6NHD 2ireuuonsand) WeaH priuyd) ‘OHD ‘SISA[EUE SSUSANDAJJR-IS0d “VHD

IOPIOSIP 1onpuod ‘g ‘Aderay) [e101ABYRq ANIUSO0D ‘1 gD QurexXowole ‘X LV o1 Jo Ajfenb jo judwssasse “Jody ‘ourweloydwe ‘qINV 1epiosip AanoeradAyroyop-uonuane ‘QHAV ‘sonoydAsdnue [eoidAie ‘sqyy

"610C ‘uonen[eA jo Iedx,

-ouopiseidiz ‘ouoptiadsir ‘ourdenonb ‘ouopuiadifed ‘surdezueo ‘ojozeididire :Apms siyy ur sonoyoAsdnue [eo1dAry

“dd-HdIN Jo JueLieA e st SOJO-HAIN,

*9[qR[IBAR JOU JIOM UOKHNQLISIP X3S UO BIR(,

"957'89 =2100s Aenb uespA,

"UOTIBPUI 10J Pa1oaLiod pue sanired 1omod Surseyoind Suisn soImnyg (g OIUT PILIOAUO),

JuSWILAL) OU ([A

JUOUIEAT) OU PUE ‘UOTIRUIqUIOD [eI0TARYAq/[E10S0YOASA-+HJIA

ou :Ansnput ‘[eIo1ARYaq/[R10S0YIASd UoNBUIQUIOD :A
Ym uone[ay ‘Syd pareurwop [eIo1ARYaq/[B100S0YASd I AT
ou :3urpuny HdIN "esuodsar jueoyrusis A[esrurjd $1500 AI0JRIOqR] HdIN 11T epeue)
Ansnpuy ® 10] 66'97S3 Aprewrxoidde 1o ‘sysiA juanedino SvVda I dHay paesrdwoosun 2213 UOISINR( ‘(8661)
%L ‘SYLD uouiod | SYLD/EY'L8S HAN $1500 UONEBIIPIN RElllve] NAd T Teok [ 1ofed Kured priyr,  gum ‘S8 “(plo sk 6) Kog VHD HAGIN  [e 10 dpuedny,
*K1oanoadsar ‘9,08 pue 9,19
sem XLV pue YH-HAIN 'sA XA'T
10] SSQUAANDIJJR-1509 Jo Aiqeqoid n
s :Ansnpur ) ‘YSd oY) uJ “Afeanosadsar %
s uoneRY - ‘600°0 PUt 00°0 Aq SATVO uraw ;51891 ey wop3ury
sak :3urpuny Sursearoul pue ‘[¢z3 pue ¢3 £q 1500 ‘osInu ‘gn ‘s13ojoyoLsd XLV 11 (suoned paun
Ansnpuy [enuue judned-1od uedw Suronpar “sieryoksd (1€ NA-Hd 1T VS JINPE OAOU pUE SIdNUNUOD 2213 UOISIR( “(81020)
%8L XLV Pu® YA-HJN PAIeuIWiop XA  JO S1S09 ‘$IS00 UONBIIPIN -as-03) SATVO XAT:T ursieak ¢ aeak [ (SHN) 2180 edH [npe) HAV Wi snpy vnd AN [e 19 Z30A0WIZ
sok :Ansnpur
s uone[ay "ATVO/TSTTITS sem ,orenbapeut wop3ury
soA :Surpuny XLV 01 paredwoo gepruaydiLyow $1S00 UONEIIpAU AJ[estur[d paropisuod st HJIN panun
Ansnpug 01 osuodsar rewndoqns pUE SOIBWINSS UONEZI[HN XLV I 01 osuodsar woym ur ‘qHAY Qo1 uoIsIoR( “9107)
%89 & M UIP[IYO 10J XAT JO YHDI YL 90In0sal1 AIEd I[EIH (@s-0a) sA1vo XaT 1 1ok | (SHN) 218D U)[ESH (I SIUSISI[OPE PuE UAIP[IYD vNno HAIN T8 10 Z1eAowlz
‘ueds juounean Ieak
-0 © 1240 Y] 03 asuodsai rewndogns Jayow
saA :Ansnpur ' M UIP[IYD 10] (SATVO oy} Jo wisteduasaid
Yim uone[dy  §1€°0) SIyauaq 1Yy pue (L7SH3) 0] 9Np 1509 pue ‘SISSO[
ou :Surpuny juoned 1od sSurAes 1500 Ul paynsar Ananonpoid ‘s1s00 SHAN-IT him SPURIAYION
Ansnpup - HAIN-SOUO "HAN-¥I 0} paredwod uoneonpa [eroads ‘s1s0d (SOMO-HdW) ¥d-HdIN ‘1T parean Ajrewndoqns o1om [opowt AOYIRIN - *(S10T) T8 19
%69  Aderoy) jueurwop e sem HJN-SOYO  IUSUIEAN PUB UONEI[NSUOD) (OLL) SATVO AI-HdIN 1 s1eak O [210100S  OUM SIUOSI[OPE PuB UIP[IYD vNo AN SUBYOS Iop UBA
ou :Ansnput
i uoney '9sed [-QHAV PaA[0Sal/p[¥E3 jiNe [l [esruto
ou :3urpunjy NV.L 01 paredwod SYTD uo paseq sasouderp AT-INSA Ppa[jonuod $9)BIS paju)
Ansnpug *9sed [-QHAYV PIA[OS1/9G/T3 1500 QW UOISIOA 19YORd) V1 paseq-Aunuwod ‘ad£y aanuaneUl QHAV paziwopuer “(8107)
%¥9 sem V], 01 paredwod 144 10] YD1 juared ‘1500 JuAUNBAL], pue -juared ‘[SH I 144 11 ‘weiSoid Sy 1D T syoam ¢ [219100S (M (P[0 SIBIA [[—L) USIP[IYD vAD ‘GA9L ‘Te 19 uelp,
Lusnpur WSSutpurg §1500 papnjouj uoyvnpa suoapduio) UoO2110Y il ] 2a110ads.1a4 uoyvndod {pmg sisppuy addy Kpmis Lugunod
[voumaovutivyd pup 24nspau ‘UOYNIDA pup {pmg
ynm &aapun/ssauaandaffq 2nuou0dq
uonvja4/Suipunf
pup

4?4098 Qg

(QIANILNOD) °[ 47T4V],

*Ajuo asn [euos.ad 104 Zz/0T/TO T wood'gndiege | MMM WoJj spueisyeN usbuiuols jo A1sieAlun Ag papeojumoq



Downloaded by University of Groningen Netherlands from www.liebertpub.com at 01/10/22. For personal use only.

586

Literature search and study selection

Two authors (a combination of LM.W., HH.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

“The estimate reported by Ryen and Svensson (2015) is in €2010. We
have converted this €2010 estimate to €2019, using OECD CPI estimates
(OECD), and rounded it off to thousands.

DIJK ET AL.

one additional QALY. Following the median WTP estimate found
in the literature by Ryen and Svensson (2015), we applied a WTP
threshold of €29,000.% 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 (€21,906.01 to €32,769.00) and is close to the
recommendations of the Dutch Care Standards (Zwaap et al. 2015)
of €20,000 (€21,943.89 in €2019). However, we also reported the
ICERs (in €2019) 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).
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FIG. 1. PRISMA flow diagram describing the systematic review process. PRISMA, Preferred Reporting Items for Systematic Reviews

and Meta-Analyses.

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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(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
€3622/DALY for dexamphetamine and €13,250/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).
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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 (Ozgen 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,} 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-

5That 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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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
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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 €33/one-point improvement on
the Conners’ Rating Scale (Conners et al. 1998) for the parent-only
treatment and €153/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-
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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 €2674/resolved ADHD-I case (i.e., not
meeting full criteria for ADHD-I after treatment) and the ICER of
CLAS compared to TAU was €3312/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.
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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
etal. 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.

Authors’ Contributions

LM.W., HD., and AP.G. were responsible for performing
systematic searches and data extraction/collection. LM.W, A.P.G.,
B.v.d.H., M.C., and P.J.H. were responsible for conception of the
article. LM.W., A.P.G.,, B.J.v.d.H., and P.J.H. were responsible for
designing the study. L.M.W. wrote the first draft of the article. H.D.
and A.P.G. wrote subsequent versions of the article. All authors
reviewed the article for intellectual content.

593

Acknowledgments

We wish to thank Reina de Kinderen for her assistance in the
conceptualization and start of this article. The findings and views
reported in this article are those of the authors and should not be
attributed to individuals mentioned in this study.

Disclosures

LM.W., AP.G.,, HH.D., and M.C. have no conflict of interests
to declare. P.J.H. has received research funding from Shire and
payments for an advisory board meeting. B.J.v.d.H., financial: re-
ceives royalties as one of the editors of ‘‘Sociaal Onhandig”
(published by Van Gorcum), a Dutch book for parents of children
with ADHD or PDD-NOS that is being used in parent training;
nonfinancial: has developed and has evaluated/evaluates several
Dutch parent training programs, without financial interests; is and
has been a member of Dutch ADHD guideline groups; and is an
advisor of the Dutch Knowledge Centre for Child and Adolescent
Psychiatry.

Data sharing not applicable—no new data generated: data
sharing is not applicable to this article as no new data were created
or analyzed in this study.

Supplementary Material

Supplementary Table S1
Supplementary Table S2
Supplementary Appendix S1

References

American Academy of Pediatrics: ADHD: Clinical Practice Guideline
for the Diagnosis, Evaluation, and Treatment of Attention-
Deficit/Hyperactivity Disorder in Children and Adolescents. Pe-
diatrics 128:1007-1022, 2011.

American Psychiatric Association: Diagnostic and Statistical Manual
of Mental Disorders, fifth edition (DSM-V). Arlington: American
Psychiatric Publishing, 2013.

American Psychiatric Association: Weiss Functional Impairment
Rating Scale-Parent Report (WFIRS-P). A new measure of im-
pairment associated with ADHD. In: 158th Annual Meeting of the
American Psychiatric Association, Atlanta, GA: APA, 2005.

Anderson R: Systematic reviews of economic evaluations: Utility or
futility? Health Econ 19:350-364, 2010.

Bird HR, Shaffer D, Fisher P, Gould MS, Staghezza B, Chen JY,
Hoven C: The Columbia Impairment Scale (CIS): Pilot findings on
a measure of global impairment for children and adolescents. In-
ternational J Methods Psychiatr Res 3:167-176, 1993.

Catala-Lopez F, Ridao M, Sanfélix-Gimeno G, Peiré S: Cost-
effectiveness of pharmacological treatment of attention deficit hy-
peractivity disorder in children and adolescents: Qualitative syn-
thesis of scientific evidence [in Spanish]. Rev Psiquiatr Salud Ment
6:168-177, 2013.

Conners CK, Sitarenios G, Parker JD, Epstein JN: The revised
Conners’ Parent Rating Scale (CPRS-R): Factor structure, reli-
ability, and criterion validity. J Abnorm Child Psychol 26:257—
268, 1998.

Cottrell S, Tilden D, Robinson P, Bae J, Arellano J, Edgell E, Boye
KS: A modeled economic evaluation comparing atomoxetine with
stimulant therapy in the treatment of children with attention-
deficit/hyperactivity disorder in the United Kingdom. Value Health
11:376-388, 2008.



Downloaded by University of Groningen Netherlands from www.liebertpub.com at 01/10/22. For personal use only.

594

Donnelly M, Haby MM, Carter R, Andrews G, Vos T: Cost-
effectiveness of dexamphetamine and methylphenidate for the
treatment of childhood attention deficit hyperactivity disorder. Aust
N Z J Psychiatry 38:592-601, 2004.

Doshi JA, Hodgkins P, Kahle J, Sikirica V, Cangelosi MJ, Setya-
wan J, Neumann PJ: Economic impact of childhood and adult
attention-deficit/hyperactivity disorder in the United States. ] Am
Acad Child Adolesc Psychiatry 51:990-1002.e2, 2012.

Drummond MF, Sculpher MJ, Claxton K, Stoddart GL, Torrance GW:
Methods for the economic evaluation of health care programmes,
4th ed. Oxford: Oxford university press, 2015.

DuPaul GJ, Evans SW, Mautone JA, Owens JS, Power TJ: Future
directions for psychosocial interventions for children and ado-
lescents with ADHD. J Clin Child Adolesc Psychol 49:134-145,
2020.

Evers S, Goossens M, De Vet H, Van Tulder M, Ament A: Criteria
list for assessment of methodological quality of economic eva-
luations: Consensus on Health Economic Criteria. International
Journal of Technology Assessment in Health Care 21:240-245,
2005.

Erder MH, Xie J, Signorovitch JE, Chen KS, Hodgkins P, Lu M, Wu
EQ, Sikirica VPMPH: Cost effectiveness of guanfacine extended-
release versus atomoxetine for the treatment of attention-deficit/
hyperactivity disorder: Application of a matching-adjusted indirect
comparison. Appl Health Econ Health Policy 10:381-395, 2012.

Erskine HE, Ferrari AJ, Polanczyk GV, Moffitt TE, Murray CJL, Vos
T, Whiteford HA, Scott JG: The global burden of conduct disorder
and attention-deficit/hyperactivity disorder in 2010. J Child Psychol
Psychiatry 55:328-336, 2014.

Faber A, van Agthoven M, Kalverdijk LJ, Tobi H, devJong-van
den Berg LTW, Annemans L, Postma MJ: Long-acting
methylphenidate-OROS in Youths with attention-deficit hyperac-
tivity disorder suboptimally controlled with immediate-release
methylphenidate. A study of cost effectiveness in The Netherlands.
CNS Drugs 22:157-170, 2008.

Fitzpatrick C, Floyd K: A systematic review of the cost and cost
effectiveness of treatment for multidrug-resistant tuberculosis.
Pharmacoeconomics 30:63—-80, 2012.

Foster EM, Jensen PS, Schlander M, Pelham WE, Hechtman L, Ar-
nold LE, Wigal T: Treatment for ADHD: Is more complex treat-
ment cost-effective for more complex cases? Health Serv Res
42(Pt 1):165-182, 2007.

Franke B, Michelini G, Asherson P, Banaschewski T, Bilbow A,
Buitelaar JK, Cormand B, Faraone SV, Ginsberg Y, Haavik J,
Kuntsi J, Larsson H, Lesch K-P, Ramos-Quiroga JA, Réthelyi JM,
Ribases M, Reif A: Live fast, die young? A review on the devel-
opmental trajectories of ADHD across the lifespan. Eur Neu-
ropsychopharmacol 28:1059-1088, 2018.

Freriks RD, Mierau JO, van der Schans J, Groenman AP, Hoekstra PJ,
Postma MIJ, Buskens E, Cao Q: Cost-effectiveness of treat-
ments in children with attention-deficit/hyperactivity disorder: A
continuous-time Markov modeling approach. MDM Policy Pract
4:2381468319867629, 2019.

Gilmore A, Milne R: Methylphenidate in children with hyperactivity:
Review and cost-utility analysis. Pharmacoepidemiol Drug Saf 10:
85-94, 2001.

Groenman AP, Hornstra R, Hoekstra PJ, Steenhuis L, Aghebati A,
Boyer BE, Buitelaar JK, Chronis-Tuscano A, Daley D, Dehkordian
P, Dvorsky P, Franke N, DuPaul GJ, Gershy N, Harvey E, Henning
T, Herbert S, Langberg J, Mautone JA, Mikami, AY, Pfiffner LJ,
Power TJ, Reijneveld SA, Schramm SA, Schweitzer JB, Sibley MH,
Sonuga-Barke E, Thompson C, Thompson M, Webster-Stratton C,
Xie Y, Luman M, van der Oord S, van den Hoofdakker BJ: An in-
dividual participant data meta-analysis: Behavioral treatments for

DIJK ET AL.

children and adolescents with attention-deficit/hyperactivity disorder.
J Am Acad Child Adolesc Psychiatry 2021. [Epub ahead of print];
DOI: 10.1016/j.jaac.2021.02.024.

Hong J, Dilla T, Arellano J: A modelled economic evaluation com-
paring atomoxetine with methylphenidate in the treatment of chil-
dren with attention-deficit/hyperactivity disorder in Spain. BMC
Psychiatry 9:15, 2009.

Janssen L, Kan CC, Carpentier PJ, Sizoo B, Hepark S, Schellekens
MPJ, Donders ART, Buitelaar JK, Speckens AEM: Mindfulness-
based cognitive therapy v. treatment as usual in adults with ADHD:
A multicentre, single-blind, randomised controlled trial. Psychol
Med 49:55-65, 2019.

Jensen PS, Garcia JA, Glied S, Crowe M, Foster M, Schlander M,
Wells K: Cost-effectiveness of ADHD treatments: Findings from
the multimodal treatment study of children with ADHD.
Am J Psychiatry 162:1628-1636, 2005.

Jones K, Daley D, Hutchings J, Bywater T, Eames C: Efficacy of the
Incredible Years Programme as an early intervention for children
with conduct problems and ADHD: Long-term follow-up. Child
Care Health Dev 34:380-390, 2008.

King S, Griffin S, Hodges Z, Weatherly H, Asseburg C, Richardson G,
Riemsma R: A systematic review and economic model of the ef-
fectiveness and cost-effectiveness of methylphenidate, dex-
amfetamine and atomoxetine for the treatment of attention deficit
hyperactivity disorder in children and adolescents. Health Technol
Assess 10:101-123, 2006.

Klora M, Zeidler J, Greiner W: Cost-effectiveness of treatment op-
tions for ADHD: A systematic literature review. Austing J Psychiatr
Behav Sci 3:1048 2016.

Lachaine J, Sikirica V, Mathurin K: Is adjunctive pharmacotherapy in
attention-deficit/hyperactivity disorder cost-effective in Canada: A
cost-effectiveness assessment of guanfacine extended-release as an
adjunctive therapy to a long-acting stimulant for the treatment of
ADHD. BMC Psychiatry 16:11, 2016.

Le HH, Hodgkins P, Postma MIJ, Kahle J, Sikirica V, Setyawan J,
Doshi JA: Economic impact of childhood/adolescent ADHD in a
European setting: The Netherlands as a reference case. Eur Child
Adolesc Psychiatry 23:587-698, 2014.

Lloyd A, Hodgkins P, Sasane R. Akehurst R, Sonuga-Barke EJS,
Fitzgerald P, Nixon A, Erder H, Brazier J: Estimation of utilities in
attention-deficit hyperactivity disorder for economic evaluations.
Patient 4:247-257, 2011.

Lord S, Paisley S: The clinical effectiveness and cost-effectiveness of
methylphenidate for hyperactivity in childhood. NICE Technology
Appraisal, London, 2000.

Maia CR, Stella SF, Wagner F, Pianca TG, Krieger FV, Cruz LN,
Polanczyk CA: Cost-utility analysis of methylphenidate treatment
for children and adolescents with ADHD in Brazil. Braz J Psy-
chiatry 38: 30-38, 2016.

Moher D, Liberati A, Tetzlaff J, Altman DG, The PG: Preferred
Reporting Items for Systematic Reviews and Meta-Analyses: The
PRISMA Statement. PLOS Med 6:264-269, W64, 2009.

Nagy B, Setyawan J, Coghill D, Soroncz-Szab6 T, Kal6 Z, Doshi JA:
A conceptual framework for a long-term economic model for the
treatment of attention-deficit/hyperactivity disorder. Expert Rev
Pharmacoecon Outcomes Res 17:283-292, 2017.

Narayan S, Hay J: Cost effectiveness of methylphenidate versus
AMP/DEX mixed salts for the first-line treatment of ADHD. Expert
Rev Pharmacoecon Outcomes Res 4: 625-634, 2004.

NICE: Assessing cost-effectiveness. In: The guidelines manual.
2012. https://www.nice.org.uk/process/pmgo6/chapter/assessing-
cost-effectiveness (last accessed March 2nd, 2021).

NICE: Attention deficit hyperactivity disorder (update). Appendix 1:
Cost-effectiveness analysis: What is the cost effectiveness of parent


https://www.nice.org.uk/process/pmg6/chapter/assessing-cost-effectiveness
https://www.nice.org.uk/process/pmg6/chapter/assessing-cost-effectiveness

Downloaded by University of Groningen Netherlands from www.liebertpub.com at 01/10/22. For personal use only.

COST-EFFECTIVE TREATMENT OF ADHD

training compared to no treatment for children with ADHD? 2018a.
https://www.nice.org.uk/guidance/ng87/evidence (last accessed
June 17th, 2021).

NICE: Attention deficit hyperactivity disorder (update) Appendix 2:
Cost-effectiveness analysis: Combination treatment in children
and adolescents. 2018b. https://www.nice.org.uk/guidance/ng87/
evidence (last accessed June 25th, 2021).

NICE: Attention deficit hyperactivity disorder: Diagnosis and man-
agement. 2018c. https://www.nice.org.uk/guidance/ng87 (last ac-
cessed June 17th, 2021).

Organisation for Economic Co-operation Development: Purchasing
Power Parities. 2020. https://data.oecd.org/conversion/purchasing-
power-parities-ppp.htm (last accessed March 5th, 2020).

Ozgen H, Spijkerman R, Noack M, Holtmann M, Schellekens ASA,
van de Glind G, Banaschewski T, Barta C, Begeman A, Casas M,
Crunelle CL, Daigre Blanco C, Dalsgaard S, Demetrovics Z, den
Boer J, Dom G, Eapen V, Faraone SV, Franck J, Gonzilez RA,
Grau-Lopez L, Groenman AP, Hemphild M, Icick R, Johnson B,
Kaess M, Kapitany-Fovény M, Kasinathan JG, Kaye SS, Kiefer
F, Konstenius M, Levin FR, Luderer M, Martinotti G, Matthys
FIA, Meszaros G, Moggi F, Munasur-Naidoo AP, Post M, Ra-
binovitz S, Ramos-Quiroga JA, Sala R, Shafi A, Slobodin O, Staal
WG, Thomasius R, Truter I, van Kernebeek MW, Velez-Pastrana
MC, Vollstadt-Klein S, Vorspan F, Young JT, Yule A, van den
Brink W, Hendriks V, Hendriks V: International Consensus
Statement for the Screening, Diagnosis, and Treatment of Ado-
lescents with Concurrent Attention-Deficit/Hyperactivity Dis-
order and Substance Use Disorder. Eur Addict Res 26: 223-232,
2020.

Pelham WE, Foster EM, Robb JA: The economic impact of attention-
deficit/hyperactivity disorder in children and adolescents. Ambul
Pediatr 7:121-131, 2007.

Pfiffner LJ, Hinshaw SP, Owens E, Zalecki C, Kaiser NM, Villodas
M, McBurnett K: A two-site randomized clinical trial of integrated
psychosocial treatment for ADHD-inattentive type. J Consult Clin
Psychol 82:1115-1127, 2014.

Phelan TW: 1-2-3 magic: Effective discipline for children 2-12, 4th
ed. Glen Ellyn: Parent Magic Inc., 2010.

Polanczyk G, de Lima MS, Hora BL, Biederman J, Rohde JA: The
worldwide prevalence of aDHD: A systematic review and metar-
egression analysis. Am J Psychiatry 164: 942, 2007.

Ryen L, Svensson M: The willingness to pay for a quality adjusted life
year: A review of the empirical literature. Health Econ 24:1289—
1301, 2015.

Sampaio F, Feldman I, Lavelle TA, Skokauskas N: The cost-
effectiveness of treatments for attention deficit-hyperactivity dis-
order and autism spectrum disorder in children and adolescents: A
systematic review. Eur Child Adolesc Psychiatry 2021. [Epub ahed
of print]; DOI: 10.1007/s00787-021-01748-z.

Sayal K, Taylor JA, Valentine A, Guo B, Sampson CJ, James M,
Sellman E: Effectiveness and cost-effectiveness of a brief school-
based group programme for parents of children at risk of ADHD: A
cluster randomised controlled trial. Child Care Health Dev 42:521—
533, 2016.

Secnik K, Matza LS, Cottrell S, Edgell E, Tilden D, Mannix S: Health
state utilities for childhood attention-deficit/hyperactivity disorder
based on parent preferences in the United Kingdom. Med Decis
Making 25:56-70, 2005.

Schawo S, van der Kolk A, Bouwmans C, Annemans L, Postma M,
Buitelaar J, van Roijen HL: Probabilistic Markov model estimating
cost effectiveness of methylphenidate osmotic-release oral system
versus immediate-release methylphenidate in children and adoles-
cents: Which information is needed? Pharmacoeconomics 33:489—
509, 2015.

595

Sciberras E, Streatfeild J, Ceccato T, Pezzullo L, Scott JG, Mid-
deldorp CM, Hutchins P, Paterson R, Bellgrove MA, Coghill D:
Social and economic costs of attention-deficit/hyperactivity disor-
der across the lifespan. J Atten Disord 2020. [Epub head of print];
DOI: 10.1177/1087054720961828.

Shah S, Wei H, Jayawardhana J, Perri M, Cobran E, Young HN:
Cost-utility analysis of methylphenidate and amphetamine/
dexamphetamine in adults with attention-deficit hyperactivity
disorder, Journal of Pharmaceutical Health Services Research 8:
101-106, 2017.

Sikirica V, Haim Erder M, Xie J, Macaulay D, Diener M, Hodgkins P,
Wu EQ: Cost effectiveness of guanfacine extended release as an
adjunctive therapy to a stimulant compared with stimulant mono-
therapy for the treatment of attention-deficit hyperactivity disorder
in children and adolescents. Pharmacoeconomics 30:el1-el15, 2012.

Sohn M, Talbert J, Moga DC, Blumenschein K: A cost-effectiveness
analysis of off-label atypical antipsychotic treatment in children
and adolescents with ADHD who have failed stimulant therapy.
Atten Defic Hyperact Disord 8:149-158, 2016.

Sonuga-Barke E: Parent-based therapies for preschool attention-
deficit/hyperactivity disorder: A randomized, controlled trial with a
community sample. ] Am Acad Child Adolesc Psychiatry 40:402—
408, 2001.

Sonuga-Barke E, Joanne B, David D, Judy H, Tom M, James R,
Louise S, Cathy L-B, Maria C, David C, Louisa L, Martin R, Mike
R, Guiqing Lily Y, Louise L, Lisa G, Lisa S, Pavlina M, James M,
Lowe M, Perez E, Margaret JJT: A comparison of the clinical
effectiveness and cost of specialised individually delivered parent
training for preschool attention-deficit/hyperactivity disorder and a
generic, group-based programme: A multi-centre, randomised
controlled trial of the New Forest Parenting Programme versus
Incredible Years. Eur Child Adolesc Psychiatry 27:797-809, 2017.

The Commonwealth Fund: International Profiles of Healthcare Systems.
The Commonwealth Fund. 2020. https://www.commonwealthfund
.org/sites/default/files/2020-12/International_Profiles_of Health_Care_
Systems_Dec2020.pdf (last accessed March 2nd, 2021).

Tockhorn A, Televantou F, Dilla T: Atomoxetine for the treatment of
newly diagnosed adults with ADHD—A cost effectiveness analysis
in Spain. Value Health 17:A457, 2014.

Tran JLA, Sheng R, Beaulieu A, Villodas M, McBurnett K, Pfiffner
LJ, Wilson L: Cost-effectiveness of a behavioral psychosocial
treatment integrated across home and school for pediatric ADHD-
inattentive type. Adm Policy Ment Health Ment Health Serv Res
45:741-750, 2018.

van der Schans J, Kotsopoulos N, Hoekstra PJ, Hak E, Postma MJ,
Mihalopoulos C: Cost-effectiveness of extended-release methyl-
phenidate in children and adolescents with attention-deficit/
hyperactivity disorder sub-optimally treated with immediate release
methylphenidate. PLoS One 10:e0127237, 2015.

van Steenbergen-Weijenburg KM, van der Feltz-Cornelis CM, Horn
EK, van Marwijk HWJ, Beekman ATF, Rutten FFH, van Roijen
HL: Cost-effectiveness of collaborative care for the treatment of
major depressive disorder in primary care. A systematic review.
BMC Health Serv Res 10:19, 2010.

Willcutt EG: The prevalence of DSM-IV attention-deficit’/hyperactivity
disorder: A meta-analytic review. Neurotherapeutics 9:490-499, 2012.

World Health Organization: Impact of industry funding on re-
search. 2017. http://apps.who.int/medicinedocs/en/d/Js8109¢/6.11
html#Js8109e.6.11 (last accessed June 12th, 2018).

Wu EQ, Hodgkins P, Ben-Hamadi R, Setyawan J, Xie J, Sikirica V,
Erder MH: Cost effectiveness of pharmacotherapies for attention-
deficit hyperactivity disorder. CNS Drugs 26:581-600, 2012.

Zimovetz EA, Beard SM, Hodgkins P, Bischof M, Mauskopf JA,
Setyawan J: A cost-utility analysis of lisdexamfetamine versus


https://www.nice.org.uk/guidance/ng87/evidence
https://www.nice.org.uk/guidance/ng87/evidence
https://www.nice.org.uk/guidance/ng87/evidence
https://www.nice.org.uk/guidance/ng87
https://data.oecd.org/conversion/purchasing-power-parities-ppp.htm
https://data.oecd.org/conversion/purchasing-power-parities-ppp.htm
https://www.commonwealthfund.org/sites/default/files/2020-12/International_Profiles_of_Health_Care_Systems_Dec2020.pdf
https://www.commonwealthfund.org/sites/default/files/2020-12/International_Profiles_of_Health_Care_Systems_Dec2020.pdf
https://www.commonwealthfund.org/sites/default/files/2020-12/International_Profiles_of_Health_Care_Systems_Dec2020.pdf
http://apps.who.int/medicinedocs/en/d/Js8109e/6.11.html#Js8109e.6.11
http://apps.who.int/medicinedocs/en/d/Js8109e/6.11.html#Js8109e.6.11

Downloaded by University of Groningen Netherlands from www.liebertpub.com at 01/10/22. For personal use only.

596

atomoxetine in the treatment of children and adolescents with
attention-deficit/hyperactivity disorder and inadequate response to
methylphenidate. CNS Drugs 30:985-996, 2016.

Zimovetz EA, Joseph A, Ayyagari R, Mauskopf JA: A cost-
effectiveness analysis of lisdexamfetamine dimesylate in the
treatment of adults with attention-deficit/hyperactivity disorder in
the UK. Eur J Health Econ 19:21-35, 2018.

Zupancic JA, Miller A, Raina P, Lee SK, Klassen A, Olsen L:
Economic evaluation of medical and psychological/behavioural
therapies for ADHD (part 3). In: A review of therapies for
Attention Deficit/Hyperactivity Disorder. Canadian Coordinat-
ing Office for Health Technology Assessment, Ottawa, Canada,
1998.

DIJK ET AL.

Zwaap J, Knies S, van der Meijden C, Staal P, van der Heiden L:
Kosteneffectiviteit in de praktijk (Cost effectiveness in practice)
(Vol. 1). Zorg instituut Nederland, Diemen, The Netherlands, 2015.

Address correspondence to:
Hermien H. Dijk, MSc

Faculty of Economics and Business
University of Groningen
Nettelbosje 2

Groningen 9747 AE

The Netherlands

E-mail: h.h.dijk@rug.nl



