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Non-Stimulant Medications in the Treatment
of Attention-Deficit Hyperactivity Disorder

Jun-Won Hwang, M.D., Ph.D.
Division of Child and Adolescent Psychiatry, Department of Psychiatry, Seoul Metropolitan Eunpyeong Hospital, Seoul, Korea

The aim of this paper is to evaluate the use of non-stimulants, including atomoxetine, bupropion and modafinil, as
alternative approaches to the treatment of children with attention-deficit hyperactivity disorder. A comprehensive review
of the empirically based literature regarding the efficacy and the safety of the non-stimulants was performed. There is a
large and increasing body of data supporting the efficacy and the safety of non-stimulants. Although the treatment effect
sizes for non-stimulants may be smaller than those for stimulants, non-stimulants alone have been shown to be effective
in the treatment of attention-deficit hyperactivity disorder as well as several comorbidities. These results suggest that non-
stimulants are effective in the treatment of attention-deficit hyperactivity disorder. Further studies are needed to improve
our understanding of alternative pharmacological medications in the treatment of attention-deficit hyperactivity disorder.
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Table 1. Efficacy of atomoxefine in children and adolescents with attention-deficit hyperactivity disorder (1) : open-label study and
double-blind placebo-controlled study

Age Dosage ,
Authors Squy Range S.cmple Duration range Efficacy Qutcome Adverse
design size measure events
(years) (mg/kg/day)
KratochvilCJ OL . 5-6 ATX (n=22) 8 weeks 0.5-1.8 ADHD-RS  ATX (—20.7) Mood lability,
et al. (2007) decreased
ppetite,
weight loss
Buitelaar JKX R,DB, 6—15 ATX (n=81) 24weeks 0.5-18 ADHD-RS  ATX (+1.7)>
“etal. (2007) PBO PBO (n=82) PBO (+12.4)
Perwien AR OL 6—17 n=912 24 months Targetdose  CHQ 81% acute treatment
et al. (2006) :1.25 response ; 78%
long-term treatment
response
NewcornJH R,DB  6—16 Continued 8 months  Continued ADHD-RS  Continued Continued
et al. (2006) same—dose same- dose same—dose= same—dose>
(n=116), :1.2-1.8, lower dose lower dose
lower dose lower dose increased HR,
(n=113) :0.5 continued
same—dose<
lower dose :
weight increase
Brown RT R,DB, 8-12 AW (n=101), 7weeks 08-1.8 CHQ, CHQ : ATX (+7.1)>
et al. (2006) PBO PBO (n=52) APRS PBO (+3.7),
APRS 1 ATX (+4.8)>
PBO (+2.2)
SpencerTJ OL 6—16 n=412 2 years 0.5-1.8 Expected Weight: 2.7 Minimal effects
et al. (2005) weight, percentile decrease, on weight and
height height : 2.2 height
percentile decrease
Weiss M R,DB, 8-12  ATX (n=101), 7weeks 08-1.8 ADHD-RS ATX (—14.5)> Decreased
et al. (2005 PBO PBO (n=52) PBO (—7.2) appetite,
somnolence
Kelsey DK R,DB, 6—-12 PBO (n=64), 8weeks 08-1.8 ADHD-RS ATX (—16.7)> Somnolence,
et al. (2004) PBO ATX (n=133) PBO (-7.0) fatigue,
decreqsed
appetite
Buitelaar JK  OL 6—15 n=604 10weeks <1.8 ADHD-RS  ADHD-RS (—23.3) Discontinuation
et al. (2004) d/t S/E : <4%
Perwien AR  R,DB, 6—-15 n=747 7-8 weeks <1.8 CHQ ATX (+7.7) >
et al. (2004) PBO PBO (+1.9) in
psychosocial
summary
MichelsonD R,DB, 6~-15 AIX (n=292), 9months <1.8 Proportion ATX (22.3%) <
‘etal. (2004) PBO PBO (n=124) relapsing PBO (37.9%)
SpencerT) R,DB, 7-13 ATX (n=129), 12weeks <2.0 ADHD-RS  ATX (—15.6/—14.4)> Decreased
et al. (2002) PBO PBO (n=124) PBO (—5.5/-5.9) appetite
in psychosocial
summary
BiedermanJ R,DB, 7-13 ATX (n=30), 9 weeks <20 ADHD-RS ATX (—15.8)>
etal. (2002) PBO PBO (n=21) PBO (—5.8)
MichelsonD R,DB, 6-16 ATX (n=85), 6 weeks 0.5—-1.5 ADHD-RS ATX (—-12.8)> Decreased
etal. (2002) PBO PBO (n=85) PBO (-5.0) appetite, vomiting,

nauseaq, ashteniaq,
dyspepsia
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Age Dosage .
Authors Stuc.jy Range S.c:mple Duration range Efficacy Outcome Adverse
design size measure events
(years) (mg/kg/day)
MichelsonD R,DB, 8-18 ATX 8 weeks Fixed dose ADHD-RS  ATX (all fixed infection & pruritus,
etal. (2001) PBO (0.5: n=44, 105,12, 18 dose) >PBO increased diastolic
1.2: n=84, BP & pulse,
1.8: n=85), decreased weight
PBO (n=84) for dose-response
trend

OL : opendabeled study, R : randomized, DB : double-blind, PBO : placebo, ATX : atomoxetine, CHQ : Child Health Questionnaire,

APRS : Academic Proformance Rating Scale

Table 2. Efficacy of atomoxetine in children and adolescents with attention-deficit hyperactivity disorder (2) : comparison study

Study Age Dosage
Authors . range Samplesize Duration  range Efficacy measure Qutcome Adverse events
design
(years) (mg/kg/ day)
Wang Y R, C 6—16 MPH-IR 8 weeks MPH : ADHD-RS MPH-IR (—=21.6) ATX>MPH-IR :
et al. (2007) (n=166), 0.2-0.6, =ATX (—21.1) anorexia, nauseaq,
ATX ATX : somnolence,
(n=164) 0.8-138 dizziness, vomiting,
weight loss
Prasad S R, OL SCT (n=97), 10weeks CHIP-CE ATX (+15.2)>
et al. (2007) ATX (n=104) SCT (+6.9)
Sangal RB R,DB, 6—14 n=85 6—7 weeks MPH-IR : Actigraphy, ATXOMPH-IRIN MPH-HIR>ATX :
etal. (2006) CO 0.45-1.8, polysomnography various steep decreased
ATX: variables appetite,
0.5-1.8 insomnic
BiedermanJ R,DB, 6—12 MASXR 3 weeks MAS XR : SKAMP MAS XR
etal (2006) C (gils) (n=26), 10-0mg/day, deportment/ (—0.48/-0.45)>
ATX ATX: 0.5—-12  attention subscale ATX
(n=31) (—0.04/ —0.05)
Kemner JE R,DB, 6—12 OROSMPH 3weeks ADHD-RS OROS MPH OROS MPH=ATX
etal. (2005) C (n=850), (—20.24)>
ATX (n=473) ATX (—16.0)
Wigal SB R,DB, 6—12 MASXR 3 weeks MAS XR : SKAMP MAS XR (~0.56)> MAS XR=ATX
etal (2005) C (n=102), 10—30mg/day, ATX (~0.13)
ATX (n=101) ATX:0.5-1.2
Starr HL, R, DB, OROS MPH 3 weeks OROS MPH> OROS MPH=ATX
KemnerJ  C (n=125), ATX
(2005) ATX (n=58)

R : randomized, C : comparative study, OL : open-abelled, DB : double-blind, CO : cross-over, MPH-IR : methylphenidate- imme-
date release form, ATX : atomoxetine, SCT : standard current therapy, MAS-XR : mixed amphetamine salts- extended release,
OROS MPH : osomotic-release operating system methyiphenidate, ADHD-RS : Attnetion-Deficit Hyperactivity Disorder Rating Sc-
ale, CHIP-CE : Child Health and Illiness Profile- Child Edition, SKAMP : Swanson, Kotkin, Agler, M. Flynn, and Pelham Rating Scale
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Table 3. Efficacy of atomoxetine in children and adolescents with attention-deficit hyperactivity disorder (3) : comorbid conditions

Age

Dosage

Authors S’ruc.jy range ngple Duration range Efficacy Qutcome Adverse evenfs
design Size measure
(years) (mg/kg/day) .
Geller D R,DB, 8-17 ATX (n=87), 12weeks 0.8-1.8 ADHD-RS, ADHD : ATX (=10.5)> Decreased
et al. (2007) PBO PBO (n=89) PARS PBO (—1.4), appetite
Anxiety : ATX (=5.5) =
PBO (-3.2)
Atomxetine R,DB, 12—-18 AWX (n=72), 9weeks (1.8 CDRS-R ADHD : ATX (=13.3)> Nauseaq,
ADHD and PBO PBO (n=70) ADHD-RS PBO (—-5.1), decreased
Comorbid MDD Depression : appetite
Study Group ATX (—=14.8) =
(2007) PBO (—12.8)
Hazell P R,.DB, 6—15 ATX (n=291), ? months 0.5-1.8 RR of ADHD : ATX>
et al. (2006) PBO PBO (n=124) relapse PBO (RR 0.59),
ODD : ATX>
PBO (RR 0.67)
Allen AJ R.DB, 7-17 ATX (n=76), 18 weeks 0.5-1.5 YGITSS, ADHD : ATX (—=10.9)> Increased heart
et al. (2005) PBO PBO (n=72) ADHD-RS PBO (—4.9), rate, decreased
Tic : ATX (=5.5)> body weight,
PBO (—-3.0) appetite loss,
nauseq
KratochvilCJ  R,DB, 7-17 ATX+fluoxetine 8weeks ATX:0.5-1.8, ADHD-RS, CDi = ATX+ ATX+fluoxetine>
et al. (2005) PBO (n=127), Fluoxetine CDt, CDRS-R, fluoxetine> ATX+PBO :
ATX+PBO (n=46) 20mg/day MASC ATX+PBO increased BP, HR
Newcom JH R,DB, 8-18 ADHD+ODD 8 weeks Fixed dose: ADHD-RS, Significant
et al. (2005) PBO (n=115), 05,1218 CPRS-R, improvement in ADHD
ADHD only CHQ & ODD symptom and
(n=178) quality of life in
ADHD+ODD group
Kaplan § R,DB, 7—13 ATX (n=53), ?weeks <20 ADHD-RS ATX (=17.0)> Decreased
et al. (2004) PBO PBO (n=45) PBO (—7.5) in appetite,
ADHD+ODD group  emotional
lability

R : randomized, DB : double-blind, PBO : placebo, ATX : atomoxetine, ADHD-RS : Attnetion-Deficit Hyperactivity Disorder Rating

Scale, PARS : Pediatric Anxiety Rating Scale, CDRS-R : Children's Depression Rating Scale, Revised, RR :
. Children's Depression Inventory, CPRS-R : Conners Parent Rating Scale, Revised, CHQ : Child

Global Tic Severity Scale, CDI

relative risk, YGTSS : Yale

Health Questionnaire, ADHD : attention-deficit hyperactivity disorder, ODD : oppositional-defiant disorder, SCT : standard current
therapy, MAS-XR : mixed amphetamine salts- extended release, OROS MPH : osomotic-release operating system methylphe-
nidate, CHIP-CE : Child Health and lliness Profite- Child Edition, SKAMP : Swanson, Kotkin, Agler, M. Flynn, and Pelham Rating Scale
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Table 4. Efficacy of bupropion in children and adolescents with attention-deficit hyperactivity disorder

Age | Dosage
Authors STU(?IY range S.omple Duration Range Efficacy OQOutcome Adverse
design size measure events
{(years) (mg/kg/ day)
MonuteauxMC R,DB, 9-18 Bupropion (n=28), Mean 300mg/day  Urine cotine  Bupropion=PBO in
et al. (2007) PBO PBO (n=29) 12 months assay smoking initiation or
- continued smoking
Solhkhah R OL 12—-18 n=14 6 months 400mg/day  DUSI-R, ADHD S ignificant reductions
et al. (2005) symptom in DUSI-R, ADHD
checklist, symptom checklist,
HAM-D, CGI HAM-D, CGl
Upadhyaya HP  OL 12—19 n=16 6 weeks 300mg/day  ADHD RS-V,  No significant change
et al. (2004) Questionnaire in ADHD sx. Significant
forSmoking  decrease in number
Urges-Brief of cigarettes and CO
levels
Daviss WB OLSB 11-16 n=24 10 weeks Upto SNAP, CBCL, 58% respondersin
et al. (2001) (2 weeks 3mg/kg bid  TRF, ADHD-RS, both depression and
PBO lead-in, Mood and ADHD, 29%
8 weeks Feelings responders in
bupropion SR) Questionnaire depression only, 4%
responder in ADHD
only
Riggs PD OL 12—18 n=13 5 weeks 300mg/day  CHI, DA, Score reduction : CHi
et al. (1998) CGl 13%, DA 10%, CGIl 39%
Conners CK R.DB, 6—12 Bupropion (n=72), 4 weeks 3-émg/kg/d CPIRS, CGIl, Overdil Rash and
et al. (1996) PBO PBO (n=37) CPT effectiveness urticaria

R randomized, DB : double-blind, PBO : placebo, OL : open-labelled, SB : single-blind, bupropion SR : bupropion slow-release,

DUSIR : Drug Use Screening Inventory, Revised, HAM-D : Hamilton Depression Rating Scale, CGl :

Clinical Global Impression,

SNAP : Swanson, Nolan, and Pelham scale, CBCL : Child Behavior Checklist, TRF : Teacher Rating Form, ADHD-RS : Attention-

Deficit Hyperactivity Disorder Rating Scale, CHI :

Conners Hyperactivity Index, DA : Daydream Attention scores, CPTRS : Conners

Teacher and Parent Rating Scale, CPT : Continuous Performance Test

- 3. BOE(modafinil)
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Table 5. Efficacy of modafinil in children and adolescents with attention

Age Dosage :
Authors quy Range Sample size Duration Range Efficacy Quicome Adverse
design measure events
(years) (mg/kg/day)
Swanson JM R, DB, 6—17  Moddfinil 7 weeks with  <30kg : ADHD-RS, ADHD-RS : modafinil  Insomnia,
etal. (2006) PBO (340mg n=44, abrupt 340mg/day, CGH (=17.1)>PBO (—8.2), Decreased
425mg n=82), discontinuation >30kg - CGl- responder : appetiie
PBO (n=64) 2 weeks 425mg/day modafinil (37%) >
PBO (17%)
BiedermanJ R, DB, 6—-13  Moddfinil (various 4 weeks <30kg - ADHD-RS Moddafinit (300/0mg. Insomnia
etal. (2006) PBO dividands including 300mg/day, 200/200mg) PBO
300/0mg n=50, >30kg :
200/100mg n=49, 400mg/day
100/200mg n=48,
200/200mg n=50),
PBO (n=51)
GreenhillL  R,DB, 7-17 Modafinil (n=128), 9 weeks 170—425mg  ADHD-RS, ADHD-RS : modafinil  Insomnia,
et al. (2006) PBO PBO (n=72) CGH (=17.5)>PBO (—9.7), headache,
CGl-H responder : decreased
moddfinil (52%)> appetite,
PBO (18%) weight loss
BiedermanJ R,DB, 6~17  Moddfinil (n=164), 9 weeks 170—425mg  ADHD-RS, ADHD-RS: Insomniaq,
etal (2005 PBO PBO (n=82) CGH Modafinil (—=15.0)>  headache,
PBO (-7.3), decreosed
CGl- responder : appetite

Modafinil (48%)>
PRC (17%)

R : randomized, DB : double-blind, PBO : placebo, OL : open-abelled, SB : single-blind, ADHD-RS : Attention-Deficit Hyperactivity

Disorder Rating Scale, CGI-l -
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